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Invasive Enterobacter sakazakii
Disease In Infants

Anna B. Bowen* and Christopher R. Braden*

Enterobacter sakazakii kills 40%—80% of infected
infants and has been associated with powdered formula.
We analyzed 46 cases of invasive infant E. sakazakii infec-
tion to define risk factors and guide prevention and treat-
ment. Twelve infants had bacteremia, 33 had meningitis,
and 1 had a urinary tract infection. Compared with infants
with isolated bacteremia, infants with meningitis had
greater birthweight (2,454 g vs. 850 g, p = 0.002) and ges-
tational age (37 weeks vs. 27.8 weeks, p = 0.02), and infec-
tion developed at a younger age (6 days vs. 35 days,
p<0.001). Among meningitis patients, 11 (33%) had
seizures, 7 (21%) had brain abscess, and 14 (42%) died.
Twenty-four (92%) of 26 infants with feeding patterns spec-
ified were fed powdered formula. Formula samples associ-
ated with 15 (68%) of 22 cases yielded E. sakazakii; in 13
cases, clinical and formula strains were indistinguishable.
Further clarification of clinical risk factors and improved
powdered formula safety is needed.

Enterobacter sakazakii, a gram-negative bacillus, is a
rare cause of bloodstream and central nervous system
infections (1-8). The organism has also been associated
with necrotizing enterocolitis; however, it has not been
firmly established as a causative agent (8-10). Reported
outcomes are often severe: seizures; brain abscess; hydro-
cephalus; developmental delay; and death in as many as
40%-80% of cases (11). Premature infants are thought to
be at greater risk than more mature infants, other children,
or adults, and outbreaks of disease have occurred in hospi-
tal units for newborns (1,2,4,6,8-10,12). Infant infections
with E. sakazakii have been associated with contaminated
powdered formula products, but other environmental
sources of contamination are possible (1,3,9,10,13). In this
analysis, we attempt to more clearly define the host risk
factors and disease course to refine prevention and treat-
ment efforts.

*Centers for Disease Control and Prevention, Atlanta, Georgia,
USA
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Methods

We reviewed the literature for reports of E. sakazakii
disease in infants. Using medical subject heading terms “E.
sakazakii” or “Enterobacter” in combination with “new-
born,” “infant,” or “meningitis,” we searched PubMed and
examined the bibliographies of resulting articles. Finally,
we reviewed E. sakazakii case consultations conducted by
the Centers for Disease Control and Prevention (CDC)
from 1998 to 2005 and reviewed results of a French out-
break reported to CDC in 2005 (14).

We defined a case as an infant (<12 months of age) with
E. sakazakii cultured from an area of the body that is nor-
mally sterile: tissue, blood, cerebrospinal fluid, or urine
aspirated through the bladder wall. Infants with cultures of
cerebrospinal fluid or brain abscesses yielding E. sakaza-
kii were considered to have meningitis. Because bac-
teremia is usually an intermediate step during the process
of developing meningitis, patients with both bacteremia
and meningitis were included in the meningitis group.
Bacteremia was defined as E. sakazakii grown from the
blood of a case-patient without evidence of meningitis.

Infants with gestational ages <37 weeks, or those
reported to be premature, were considered premature. A
gestational age of 40 weeks was assigned to 3 (27%) of 11
infants with bacteremia and 4 (14%) of 28 infants with
meningitis who were reported as born following term ges-
tation without a specific gestational age mentioned. We
defined birthweight <2,500 g as low birthweight (LBW),
<1,500 g as very low birthweight (VLBW), and <1,000 g
as extremely low birthweight (ELBW).

Descriptive analysis was performed by using SAS soft-
ware (SAS Institute, Cary, NC, USA). Groups were com-
pared by using 2-tailed Fisher exact test.

Results

Forty-six infants met the case definition (Table 1).
Reported onset years ranged from 1958 to 2005; 32 (70%)
cases were reported during the second half of this period.
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Table 1. Cases of invasive Enterobacter sakazakii disease
among infants

Year of No.
report Location cases Reference
1961 England 2 (15)
1965 Denmark 1 ()]
1979 Georgia, USA 1 (7)
1981 Indiana, USA 1 (16)
Oklahoma, USA 1
1983 Netherlands 8 8
1985 Missouri, USA 1 (17)
1988 USA 2
1989 Portugal 1 (18)
Iceland 3 3
Tennessee, USA 3 (10
1990 Maryland, USA 1 (19)
1991 Ohio, USA 1 (20)
2000 North Carolina, USA 1
2001 Israel 2 2,4)
Belgium 1 9
2002 Israel 2 4
Tennessee, USA 1 (@)
Wisconsin, USA 1 CDC, unpub. data
2003 USA 6 CDC, unpub. data
2004 France 2 (14)
USA 2 CDC, unpub. data
2005 USA 2 CDC, unpub. data

Cases were reported in 7 countries in North America,
Europe, and the Middle East. Thirty-three (72%) infants
had meningitis, 12 (26%) had bacteremia, and 1 (2%) had
a urinary tract infection.

Clinical characteristics were available for a subset of
cases (Table 2). Eight (40%) of 20 infants for whom data
were available were delivered by cesarean section.
Twenty-nine (69%) of 42 infants experienced disease onset
within a hospital. Gestational duration was available for 38
infants; 21 (55%) were born prematurely, and the median
gestational age overall was 36 weeks (range 23.5-40
weeks). The median birthweight was 2,063 g (range
540-3,401); 18 (56%) of 32 infants had LBW; 9 (28%) of
these met the definition for VLBW, and 7 (22%) met the
definition for ELBW. Median age at the time of infection
onset was 8.5 days (range 2—-300).

Although the proportion of infants who experienced
nosocomial disease onset was not significantly different
between the meningitis and bacteremia groups, other
infant characteristics differed by site of infection (Figure).
The median gestational ages of infants with meningitis and
bacteremia were 37 and 27.8 weeks, respectively (p =
0.02). Median birthweights were 2,454 g and 850 g,
respectively (p = 0.002). However, median age at infection
onset was 6 days in the group with meningitis and 35 days
in the group with bacteremia (p < 0.0001). Thirty (94%) of
32 infants with meningitis, but only 2 (18%) of 11 infants
with bacteremia, were <28 days old when infection was
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detected. One infant (8%) with bacteremia died,; this infant
also had necrotizing enterocolitis. The single infant with a
urinary tract infection recovered without complication. In
contrast, 14 (42%) of 33 infants with meningitis died. Of
19 surviving infants, only those with meningitis suffered
adverse outcomes, including brain abscess (21%, p = 0.2),
developmental delays (53%, p = 0.004), motor impairment
(21%, p = 0.3), and ventricular shunt placement (42%, p =
0.01); 74% experienced at least one of these outcomes.

Feeding practices were described for 26 infants.
Twenty-four (92%) received a powdered formula product,
including an infant who received powdered breast milk
fortifier but no powdered infant formula; 1 additional
infant received formula of an unspecified type. E. sakaza-
kii was cultured from formula associated with 15 (68%) of
22 cases investigated. Isolates were obtained from pre-
pared formula, opened formula tins, and previously
unopened formula tins associated with 2, 6, and 7 cases,
respectively. Thirteen (87%) of the 15 formula isolates
were indistinguishable from the corresponding clinical
strain by biotype or genotype; multiple formula manufac-
turers were implicated. In one of the remaining cases, mul-
tiple E. sakazakii strains were recovered from powdered
formula, but none matched the clinical isolate by pulsed-
field gel electrophoresis (CDC, unpub. data). In the other
case, 2 E. sakazakii strains were isolated from blood and
from rectal swabs; a third strain, as determined by arbitrar-
ily primed PCR, was recovered from the powdered infant
formula (9).

Discussion

Although numerous reports include infants with E.
sakazakii isolated from nonsterile sites, such as respiratory
secretions or stool, 46 infants identified from the literature
and CDC sources met the case definition for this analysis
(1,9,10,12). Of the infants with sterile-site infection, 72%
had meningitis. Contrary to previous characterizations of
E. sakazakii disease, we found that infants with meningitis
and bacteremia alone fell into 2 distinct groups. Those in
whom meningitis developed tended to be of greater gesta-
tional age and birthweight than those with bacteremia
alone. In fact, infants in whom meningitis developed tend-
ed to attain near-term gestational age and birthweight. In
contrast, infants in whom bacteremia alone developed
tended to be born very prematurely and have ELBW. A
second major difference between the group with meningi-
tis and the group with bacteremia was the infants’ chrono-
logical ages. Infants with meningitis were generally <1
week of age at the onset of infection with E. sakazakii,
whereas infants with bacteremia had generally surpassed
the neonatal period at the onset of their disease. Rates of
adverse outcome also differed between the 2 groups,
although this was not unexpected. Most infants with

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006



Table 2. Characteristics of infants in the Enterobacter sakazakii
case series

Published Unpublished

Characteristic cases, n/N cases, n/N Overall %
Male 15/30 6/9 54
Cesarean delivery 6/13 2/7 40
Nosocomial onset 24/31 511 69
Premature birth 17/29 4/9 55
Birthweight*

LBW 16/27 2/5 56

VLBW 8/27 1/5 28

ELBW 6/27 1/5 22

*LBW, low birth weight; VLBW, very low birth weight; ELBW, extremely low
birth weight.

E. sakazakii bacteremia fared better than those with
meningitis. Among those in whom meningitis developed,
rates of adverse outcome were similar to those reported in
the literature: In this case series, 74% of meningitis sur-
vivors experienced an adverse neurologic outcome, while
other studies cite adverse outcome in 20%-78% of neona-
tal or infant meningitis survivors (21-23).

The division of the infant population into 2 distinct
groups occurred for unclear reasons. That infants <1 week
of age comprised the meningitis group was not surprising;
the disparities in other infant characteristics, however, are
not intuitive. Since infants in the 2 groups experienced
similar rates of nosocomial disease onset, the infants with
bacteremia were unlikely to have simply received treat-
ment earlier in the disease course than the infants with
meningitis. Other risk factors are probable.

One likely set of risk factors is infant formula-feeding
practices. Powdered infant formula is a demonstrated
source of E. sakazakii infection. A microbiologic survey of
powdered infant formulas published in 1988 found E.
sakazakii in 20 (14%) of 141 samples tested (24).
However, a survey of 82 powdered infant formula samples
in 2003 yielded E. sakazakii in 2 (2.4%), which suggests
that recent rates of powdered formula contamination may
be lower (25). Powdered formula has also been implicated
both epidemiologically and microbiologically as a vehicle
in several cases of E. sakazakii disease in infants
(1,3,9,10,13). Although we could not explore feeding
exposures fully with the data available in this series, infant
feeding practices may relate to the differences we describe
in chronological age of infants at onset of meningitis and
bacteremia. Infants with nearly normal gestational ages
and birthweights are likely to be tended in normal newborn
nurseries during the first 24—72 hours of life. In such nurs-
eries, powdered formula is frequently given to babies who
are not breast-fed, and it may also be used as a supplement
by mothers who have chosen to breast-feed. Since infants
are at highest risk for meningitis during the first several
weeks of life, possibly because of immaturity of the blood-
brain barrier, exposures to E. sakazakii in powdered

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006
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formula or other sources during this time may quickly lead
to central nervous system disease (26,27).

Conversely, in the intensive care settings where imma-
ture and low birthweight infants are tended, babies are not
often fed powdered formula in the first few weeks of life.
They may be given parenteral nutrition initially and may
be fed breast milk from their own mothers or from a
banked source when they do begin enteral feeds. If breast
milk is not available, they are more likely to be given ster-
ile, premixed infant formula than powdered formula, since
standard preterm infant formula is only available in this
form (28). Powdered breast milk fortifiers are not intro-
duced until premature infants tolerate full-volume feeds,

*
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Figure. Box plot with each box indicating range (vertical lines), first
and third quartiles (lower and upper boundaries of box, respective-
ly), and median value (horizontal solid line) for gestational age in
weeks, birth weight in grams, and age of onset in days for infants
with bacteremia only or meningitis. The dotted lines indicate medi-
an values for all cases. *Significantly different values (a=0.05)
between groups.
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which may not occur for days or weeks after birth. Thus,
infants in intensive care settings may not be exposed to
nonsterile formula until they are more mature, which
would lead to a greater proportion of E. sakazakii bac-
teremia than meningitis in this group if powdered formula
is a source of infection. In this series, we were unable to
explore the roles of indwelling enteric tubes, prior gas-
trointestinal surgery, and antecedent antacid or antimicro-
bial drug use as risk factors for infection.

While the reservoir for E. sakazakii is unknown, sever-
al environmental sources have been reported. E. sakazakii
has been isolated from factories used to produce milk pow-
der, chocolate, cereal, potato flour, spices, and pasta (29).
It also has been isolated from household vacuum cleaner
bags and from the guts of the stable fly, Stomoxys calci-
trans, and the Mexican fruit fly, Anastrpha ludens (29-31).
The relationship between these potential environmental
sources and infant disease remains unclear. Although a
human vaginal tract culture yielding E. sakazakii has been
reported, vertical transmission is unlikely because nearly
half of infants with E. sakazakii disease in this review were
delivered by cesarean section, and symptoms developed in
only 1 infant earlier than 3 days of age (32).

Our analyses were constrained by the use of retrospec-
tive and often incomplete data. Although cases with more
severe outcomes might have been investigated and pub-
lished more frequently than uncomplicated cases, this pos-
sible bias would not likely affect the representativeness of
baseline infant characteristics. Assigning a gestational age
of 40 weeks to term infants without a reported gestational
age may have falsely elevated the median gestational ages
we report, since most term infants are born at <40 weeks’
gestation (33). However, a greater proportion of bac-
teremic infants than meningitic infants received this
assignment, and therefore the significance of the differ-
ences in gestational age between the groups may be even
greater than we report. We were unable to explore the
effects of concomitant medical problems, treatments, and
other environmental factors, and we relied on existing
reports of feeding practices and formula testing. Clearly,
additional study is needed to elucidate the lingering ques-
tions about E. sakazakii reservoirs, disease risk factors,
and disease course.

Other gram-negative organisms, including Escherichia
coli, Enterobacter agglomerans, E. cloacae, Klebsiella
pneumoniae, K. oxytoca, and Citrobacter freundii, can be
found in powdered infant formula (24,25). Powdered
infant formula also has been associated with outbreaks of
illness due to Citrobacter and multiple Salmonella
serotypes (13,34-38). The degree to which E. sakazakii is
a marker for a range of neonatal infections possibly relat-
ed to powdered infant formula remains to be defined.
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Certain steps can be taken immediately, however, to
prevent or mitigate E. sakazakii disease. In a joint confer-
ence on infant formula safety in February, 2004, the World
Health Organization and Food and Agriculture
Organization of the United Nations made the following
recommendations: 1) encourage industry partners to devel-
op a range of affordable sterile formula options; 2) consid-
er setting an industry standard for Enterobacteriaecae and
E. sakazakii in infant formula; 3) inform infant caregivers
of the risks associated with nonsterile, powdered formula;
and 4) consider feeding high-risk infants sterile formula if
they cannot breast-feed (39). The findings of our case
review suggest that all neonates as well as premature
infants should be included in this high-risk infant catego-
ry. The American Dietetic Association has issued guide-
lines for infant formula preparation, storage, and
administration; these should be followed by infant care-
givers in hospitals and private homes (40). Rapid reporting
of cases by clinicians could streamline data collection by
local health departments and more rapidly resolve remain-
ing questions about this illness. Manufacturer warning
labels on powdered infant formula packages should stress
that powdered infant formula is nonsterile and requires
proper preparation, handling, and storage, and that sterile,
liquid formula alternatives are available. These actions,
adopted in whole or in part, may decrease the infectious
risks associated with powdered formula and prevent this
rare but potentially devastating disease.
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Venezuelan Equine Encephalitis
Virus Transmission and Effect on
Pathogenesis

Darci R. Smith,* Patricia V. Aguilar,* Lark L. Coffey,* Gregory D. Gromowski,*
Eryu Wang,* and Scott C. Weaver*

Quantifying the dose of an arbovirus transmitted by
mosquitoes is essential for designing pathogenesis studies
simulating natural infection of vertebrates. Titration of sali-
va collected in vitro from infected mosquitoes may not
accurately estimate titers transmitted during blood feeding,
and infection by needle injection may affect vertebrate
pathogenesis. We compared the amount of Venezuelan
equine encephalitis virus collected from the saliva of Aedes
taeniorhynchus to the amount injected into a mouse during
blood feeding. Less virus was transmitted by mosquitoes in
vivo (geometric mean 11 PFU) than was found for compa-
rable times of salivation in vitro (mean saliva titer 74 PFU).
We also observed slightly lower early and late viremia titers
in mice that were needle injected with 8 PFU, which repre-
sents the low end of the in vivo transmission range. No dif-
ferences in survival were detected, regardless of the dose
or infection route.

Designing pathogenesis studies for arboviruses that
accurately simulate natural infection requires quanti-
fying the amount of virus transmitted. Virus assays on
mosquito saliva can be used to estimate the amount trans-
mitted to vertebrates during blood feeding. However,
amount of virus collected in vitro may not accurately
reflect mosquito transmission.

Indirect and direct methods can be used to quantify
virus delivered in mosquito saliva. Indirect methods
include comparing times of death of animals exposed to a
mosquito bite with those infected parenterally with known
doses and comparing the time between mosquito feeding
and development of viremia with the time between needle
injection and development of the same viremia level.
Direct methods include quantifying virus salivated into
drops of blood, virus detected in vertebrate tissues imme-

*University of Texas Medical Branch, Galveston, Texas, USA

1190

diately after mosquito feeding, virus salivated into blood
agar, and virus salivated into fluids such as oil. Saliva col-
lection in oil-filled capillary tubes, first described by
Hurlbut (1), is widely used. Chamberlain et al. (2) com-
pared several indirect and direct methods for quantifying
arbovirus transmission and concluded that allowing mos-
quitoes to feed on serum (similar to the capillary method)
is less efficient in detecting virus than other methods.
Since most saliva is expectorated during probing, saliva-
tion into hanging drops or capillary tubes may be inaccu-
rate because mosquitoes do not need to salivate to locate a
blood vessel.

The amount of several arboviruses transmitted by mos-
quitoes has been estimated by using artificial saliva collec-
tion (1-12). Up to 3 log,, PFU of eastern equine
encephalitis virus is deposited into capillary tubes filled
with oil by the vector Culiseta melanura (9). Capillary col-
lection and real-time reverse transcription (RT)-PCR esti-
mate that Culex pipiens pipiens saliva contains an average
of 4.3 log,, PFU of West Nile virus (WNV), with a range
of 0.5 to 5.3 log,, (8). Recently, we estimated that the epi-
demic Venezuelan equine encephalitis virus (VEEV) vec-
tor, Aedes (Ochlerotatus) taeniorhynchus, salivates
0.2-3.2 log,, PFU into oil-filled capillary tubes (12).

Vector saliva enhances infection with many pathogens
(13-18), and mosquito saliva is reported to enhance infec-
tion by some arboviruses. Deer and chipmunks infected
with La Crosse virus by the bite of Ae. (Och.) triseriatus
have higher and longer viremias than animals infected by
needle (19). Mice exposed to uninfected mosquitoes and
injected at the feeding site with Cache Valley virus devel-
op enhanced viremia and seroconversion compared with
unbitten mice or to those co-injected with virus and mos-
quito saliva (20). Mice have higher seroconversion rates to
vesicular stomatitis virus when infected by Ae. triseriatus
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than by needle injection (21). Cytokine expression in the
skin of mice infected with Sindbis virus differs after injec-
tion with mosquito salivary gland extracts than after injec-
tion with virus alone (22).

Other studies report no enhancement of arbovirus
infection by vector saliva or feeding. Hamsters infected
with WNV by mosquitoes or needle injections do not dif-
fer in level or duration of viremia, clinical manifestations,
pathology, or antibody response (23). Birds infected with
western equine encephalitis virus or Saint Louis encephali-
tis virus by mosquito bite or needle exhibit no difference in
viremia responses (24), and mosquito saliva inhibits in
vitro infection of dendritic cells by dengue virus (25).

VEEV (family Togaviridae, genus Alphavirus) is an
important emerging and reemerging pathogen of humans
and equines in the neotropics. Since no effective antiviral
agents or a licensed human vaccine for VEEV exists, ther-
apy is primarily supportive and prevention relies on avoid-
ance of mosquitoes. Outbreaks of VEE can involve
hundreds of thousands of equine and human cases, spread
over large regions, and can last several years (26).

The effect of vector feeding on vertebrate infections by
VEEV has not been studied. We determined the amount of
VEEYV in mosquito saliva collected in vitro (12) but did not
determine whether this amount accurately reflects trans-
mission during blood feeding. To collect saliva in a capil-
lary tube, we need to subject the mosquito to traumatic
manipulations that may affect salivation, such as anestheti-
zation or immobilization by removal of the legs and wings.
Also, mosquitoes are usually allowed to salivate into cap-
illary tubes for a longer time (e.g., 30 minutes) than is
required for engorgement on a host. Because knowing the
infectious dose transmitted by mosquitoes is important for
designing vertebrate infection studies, in which needles are
typically used for virus delivery, we compared the amount
of VEEV transmitted by mosquitoes in vitro with that
transmitted in vivo. We also determined whether mosquito
transmission affects viremia or time to death when com-
pared with needle infections. Finally, we used tail amputa-
tions to investigate the extravascular or intravascular
location of VEEV deposition during mosquito feeding.

Methods

Virus

We used VEEYV rescued from an infectious cDNA clone
derived from epidemic strain 3908 (subtype IC), a 1995
human isolate from Zulia State, Venezuela (27). With the
exception of some IE virus strains in Mexico, subtype IC
viruses are the etiologic agents of all recent VEE epi-
demics. Strain 3908 was passaged once in C6/36 mosqui-
to cells before isolation of viral RNA and production of
infectious cDNA. Virus recovered from baby hamster kid-
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ney cells electroporated with transcribed RNA was used
for all experiments. Use of virus derived from an infec-
tious clone minimized attenuating mutations that occur
when VEEV is passaged in cell culture (28).

Mosquitoes

Ae. taeniorhynchus F, progeny of mosquitoes captured
in Florida (29) were reared at 27°C and a relative humidi-
ty of 80% in a light:dark cycle of 12:12 hours. Adult
females were infected intrathoracically with 4 log,, PFU of
VEEV in a 1-uL volume 6-8 days after emergence and
incubated at 27°C for 5 days with 10% sucrose provided ad
libitum. Intrathoracic infection of mosquitoes with VEEV
and incubation for 5 days generates saliva titers compara-
ble to those that occur after oral infection (12).

In Vivo Transmission

Thirty-nine 6- to 8-week-old National Institutes of
Health (NIH) Swiss mice (Harlan, Indianapolis, IN, USA)
were anesthetized with pentobarbital, and the distal portion
of the tail was exposed to 1 infected mosquito. After mos-
quito engorgement, the tips of the tails of 29 mice were
severed and immediately homogenized in 300 pL of
Eagle’s minimal essential medium (MEM) supplemented
with 20% fetal bovine serum (FBS) in a Mixer Mill 300
(Retsch Inc., Newton, PA, USA); the tails of 10 control
mice were left intact. After centrifugation at 9,000xg for 5
minutes, the supernatant was removed for cell culture
assays and RNA extraction with a Qiagen kit (Qiagen,
Valencia, CA, USA). Vero cells were injected with 30 uL
of supernatant and observed for 5 days for cytopathic
effects (CPEs). All CPE-positive samples were titrated by
plaque assay on Vero cells.

RNA was also extracted from the pellet of the tail
homogenate with Trizol (Invitrogen, Carlsbad, CA, USA).
The RNA of both supernatant and tail pellet was tested for
VEEV positive-strand RNA by using real-time RT-PCR
with a one-step kit (Qiagen) and a Smart Cycler (Cepheid,
Sunnyvale, CA, USA). Forward (5’-CATAGTCTAGTC-
CGCCAAGATGTT-3) and reverse (5-CGATAGGGC-
ATT GGCTGCAT-3") primers and a probe (5-[6-FAM]
CCCGTTCCAACCAATGTAT[NFQ-MGB]-3") were used
for amplification and detection, respectively. The assay
consisted of reverse transcription at 50°C for 20 minutes,
denaturation at 95°C for 10 minutes, and 45 cycles at 95°C
for 15 seconds, 63°C for 30 seconds, and 72°C for 30 sec-
onds. Virus titers were extrapolated from RT-PCR results
by comparison with a standard curve generated from seri-
al dilutions of a VEEV stock quantified by plaque assay.

After a mosquito probed or fed on the mouse tail, its
infection was confirmed by using forced salivation into a
capillary tube as described below. All 39 mice used were
kept in individual cages, monitored for signs of infection,
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and bled retroorbitally 2 weeks later to test for seroconver-
sion by using plaque-reduction neutralization tests.

To ensure that all virus injected into mouse tails could
be recovered and detected, a series of known doses (2.9
log,,, 2 log,,, and 1 log,, PFU) was injected intradermally
into the tail of a mouse. The tips were then severed and
processed as described above. Each dose was tested in
duplicate, and nearly all the injected virus was recovered
(mean 2.7 log,, PFU recovered for 2.9 log,, inoculum,
mean 1.9 log,, PFU recovered for 2.0 log,, inoculum, and
mean 0.8 log,, PFU recovered for 1.0 log,, inoculum).
Samples with known virus titers were also tested to ensure
that freezing and thawing once did not alter virus content.

Saliva Assays

Thirty-nine saliva samples from intrathoracically infect-
ed mosquitoes that fed on a mouse were obtained by immo-
bilization (legs and wings removed) and forced salivation
into 10-uL capillary tubes (VWR International, West
Chester, PA, USA) containing immersion oil (type B,
Cargille Laboratories Inc., Cedar Grove, NJ, USA). After
30-45 minutes, salivation was confirmed by appearance of
bubbles at the tip of the proboscis. An additional cohort of
mosquitoes was allowed to salivate for intervals (repeated
in triplicate) to duplicate times of observed mosquito feed-
ing. The oil-saliva mixture was centrifuged into 100 pL of
MEM containing 20% FBS and frozen at —80°C; 30 uL was
then added to Vero cells for detection of CPE. Mosquito
infection was confirmed by assaying triturated bodies and
legs and wings for CPE, followed by plaque assay.

Viremia and Death

Ten 6- to 8-week-old NIH Swiss mice were infected by
either 1 mosquito or intradermal injection into the ear with
either 0.9 or 3.4 log,, PFU, which represented the range of
titers injected by mosquitoes (see below). Five mice from
each cohort of 10 were bled retroorbitally at 12, 24, 36, 48,
72, 96, and 120 hours postinfection, and sera were titrated
by plagque assay. Mice were monitored daily until signs of
encephalitis appeared, after which they were observed 4
times a day to determine time of death. The University of
Texas Medical Branch Institutional Animal Care and Use
Committee approved all experiments.

Statistical Analysis

Log-transformed data were normally distributed,
except for data from RT-PCR assays from mouse tail
homogenate pellets on which 1 mosquito probed (this
group was not compared statistically). One-way analysis
of variance using Tukey’s test for multiple comparisons
and an unpaired t test were used to compare all normally
distributed data with GraphPad Prism 4.0 (GraphPad
Software, San Diego, CA, USA).
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Results

In Vivo Versus In Vitro Transmission Titers

To determine whether saliva collection accurately
approximates the amount of VEEV transmitted during a
mosquito bloodmeal, we quantified virus from saliva col-
lected in vitro and virus deposited at sites of in vivo blood
feeding. One mosquito feeding on the distal portion of a
mouse tail transmitted a mean + standard deviation of 1.1
+ 1.0 log,, PFU (11 PFU) as detected in the homogenate
supernatant and 0.8 + 0.9 log,, PFU (7 PFU) as estimated
by real-time RT-PCR. These amounts were significantly
lower (p<0.001) than the mean * standard deviation
amount (3.6 = 1.5 log,, PFU or 4,300 PFU) deposited into
capillary tubes during 30-45 minutes of salivation (Figure
1). However, the time for engorgement (<3 minutes) was
much shorter than the 45 minutes allowed for in vitro sali-
vation. Therefore, we matched times of saliva collection
(range <3 minutes) to the exact engorgement times. Less
VEEV (p<0.05) was still detected after in vivo transmis-
sion than after <3 minutes of in vitro salivation (1.9 + 1.2
log,, PFU or 74 PFU).

The effect that the time of probing or feeding had on
the titer of virus salivated was analyzed by timed saliva
collections and mouse tail exposures. The amount of
VEEV collected from mosquitoes that salivated in vitro
for <3 minutes was significantly less than the amount col-
lected from mosquitoes allowed to salivate for 45 minutes
(p<0.0001). However, no significant difference was seen
in the amount transmitted by mosquitoes allowed to com-
pletely engorge compared with mosquitoes allowed to
probe only, without engorgement (p>0.05, 95% confidence
interval —0.8 to 1.5 log,, PFU for the difference in the
mean titers).

To address the possibility that some virus injected by
feeding mosquitoes rapidly binds to or penetrates mouse
cells and therefore is not measured by plaque assay, we also
examined VEEV RNA content in mouse tails. No differ-
ence was detected between mean virus content in the mouse
tail homogenate supernatants assayed by RT-PCR or
plaques (Figure 1). Detection of relatively small amounts of
viral RNA in tail homogenate pellets indicated that almost
all virus remained in the supernatant and that infectious
virus was not underestimated because of rapid penetration
of cells or binding of virus to connective tissue (Figure 1).

Location of VEEV Deposition In Vivo

To assess intravascular versus extravascular locations of
VEEYV deposition by mosquitoes, we amputated the distal
portions of mouse tails immediately after engorgement, and
mice were observed for signs of infection. Forty percent
(4/10) of control mice whose tails were not amputated after
mosquito feeding survived compared with 79% (23/29) of
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Figure 1. Titers of Venezuelan equine encephalitis virus

- ++ (VEEV) transmitted in vitro or in vivo by Aedes tae-
i * niorhynchus. A, C, and E) Mosquitoes that engorged to
5.51 +:+ completion (depicted by closed symbols). B, D, and F)
5.0 1:++ Mosquitoes who probed but did not engorge (depicted by

o 4.54 open symbols). The assay used to determine the virus titer
E- i + was either cell culture assay (A and B, depicted by squares_)
g .- XXX or real-time reverse transcription-PCR (C and F) of tail
5 3.54 Ar #'L‘. x: homogenate supernatant (C and D, depicted as triangles) or
o 3.04 + Xy X pellet (E and F, depicted as circles). The last 2 cohorts (G
c.n‘-’ 254 ++1 % and H) repre_sent VEEV ti_ters in s_aliva of mosquitoes
] 2.04 ks A + m allowed to salivate for 45 min (G, depicted as +) or for the
. oo = * % same range of times (<3 min) required for mosquitoes to

L = a A o x:x engorge completely on mouse tails, repeated in triplicate (H,
1.04 odb. A “,3 . o " KX depicted as x). Solid horizontal lines indicate means, and
0.5+ -=n - BE-- At ﬁ ooy 0OF  iness xx». horizontal dashed lines indicate detection limits for the
m— e G723 21% ...%.33% PP HEr eyt +an XM a55ays. Symbols below the dashed lines indicate samples

0.0 T T T
A B Cc D E F G

H from infected mosquitoes (bodies and legs or wings positive
for cytopathic effects) that were below the limit of detection
for the assay, and numbers indicate the percentages for
these negative samples (column A=36%, B=47%, C=21%,
D=33%, E=57%, F=73%, G=3%, and H=13%). *Denotes
mice that were bitten by a given mosquito that died.

those whose tails were amputated (p = 0.04, by Fisher
exact test). No mice that survived developed neutralizing
antibodies. NIH Swiss mice infected with VEEV have a
death rate approaching 100%, which indicates that a sys-
temic VEEV infection did not occur in surviving animals.
This suggested that nearly all saliva and associated virus
were deposited extravascularly and confined to the bite site
by a lack of immediate vascular dissemination. Tail ampu-
tation nearly doubled survival rates by removing this virus
before replication and dissemination.

Virus Transmitted Versus Time of Engorgement

To assess the temporal pattern of virus deposition dur-
ing blood feeding, the amount of VEEV transmitted was
compared with the time required for mosquito engorge-
ment. Figure 2 shows no correlation between feeding time
and amount of VEEV in mouse tails, suggesting that most
virus in saliva was deposited early during probing, with
minimal deposition during engorgement.

Effect on Pathogenesis in Mice Infected
by Needle Versus Mosquito

To determine whether mosquito saliva affects patho-
genesis of VEEV infection, mice were infected by either
the bite of 1 mosquito or by intradermal needle injection.
Two VEEV doses were used to represent the range of titers
injected during blood feeding (Figure 1). Viremia from
needle injection with a high dose did not differ from that
generated by mosquito transmission (Figure 3). In con-
trast, viremia from a mosquito bite was higher than that
from a needle injection of a low dose for the 12-hour
(p<0.05) and 96-hour (p<0.001) time points. A significant
difference in viremia (p<0.001) was also observed at the
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12-hour and 96-hour time points for mice infected by nee-
dle injection of a high dose than infection of a low dose.
No difference was detected in the mean survival times of
mice infected by either mosquito (5.9 + 0.6 days) or nee-
dle injection with 8 PFU (6.4 £ 0.7days) or 3.4 log,, PFU
(6.3 £ 0.4 days) (Figure 4).

Discussion

Studies with some (19-21) but not all (23,24)
arboviruses suggest that natural infection by mosquito bite
may potentiate arboviral infection compared with par-
enteral infection. Because the effect of mosquito transmis-
sion on infection by VEEV has not been addressed, we
assessed the infectious dose delivered by a natural vector,
Ae. taeniorhynchus, compared with estimated doses from
saliva collections. We also evaluated the effect of mosqui-
to VEEV transmission on pathogenesis in mice.

In Vivo Versus In Vitro Transmission

Our results indicate that Ae. taeniorhynchus transmit
less VEEV in vivo than they deposit into a capillary tube,
even when saliva collection times are matched to engorge-
ment times. We therefore caution against extended times of
saliva collection in capillary tubes because mosquitoes
allowed to salivate for 45 minutes expel more VEEV than
those that salivate for <3 minutes, the approximate maxi-
mum time required for natural engorgement.

Our study also assessed the location of saliva deposi-
tion. As reasoned by Turell et al. (30,31), if an arbovirus
were deposited intravascularly, it would quickly circulate
beyond the bite site and animals with tail amputations
would still become infected and die. Turell et al. reported
that when the tails of suckling mice are exposed to a

1193



RESEARCH

35 A

R?=0.1458
25 -

Logio PFU
r

-

1.5 1

0.5‘ - . »

0 T T+ T T T T 1
0 05 1 1.5 2 2.5 3 3.5
Time of feeding (min)

Figure 2. Amount of Venezuelan equine encephalitis virus trans-
mitted into a mouse tail versus the time required for complete
engorgement. Only samples from mosquitoes that completely
engorged and transmitted detectable virus were included.

VEEV-infected Ae. taeniorhynchus and the tails are ampu-
tated <10 minutes later, 31%-37% survive compared with
4% of mice whose tails were not amputated (30). Our
results indicating that the odds of dying are decreased by
=~50% for those whose tails were amputated suggest that
saliva and VEEV are deposited both intravascularly and
extravascularly. This conclusion is slightly different than
that of Turell et al. (30,31), who concluded that mosquitoes
inject most virus extravascularly and only small amounts
intravascularly or that intravascular transmission occurs
only occasionally. An explanation for the differences in
death rates found in our studies and those of Turell et al. is
that they used suckling mice, whereas we used adult mice.
Two of our mice that had been only probed by an infected
mosquito also became infected. Surprisingly, no VEEV
was detected in the tail homogenate of these mice by either
cell culture or RT-PCR. Because the 50% mouse subcuta-
neous lethal dose (LDg,) for VEEV strain 3908 adminis-
tered in the tail is 12 PFU (D.R. Smith, unpub. data), which
is greater than the LD, for injection in the thigh (12) and
an amount detectable by our methods, virus was probably
deposited primarily intravascularly in these 2 animals.
Forty percent of our mice with intact tails survived after
allowing an infected mosquito to engorge. NIH Swiss mice
are highly susceptible to VEEV; death rates are typically
100%. Therefore, our results and those from our previous
study (12), which reported that infected mosquitoes often
deposit <12 PFU of VEEV into capillary tubes, suggest
that systemically infected Ae. taeniorhynchus frequently
transmit little or no virus. In contrast to the 40% survival
rate of mice with intact tails, 100% of mice infected by
mosquito bite at another site died, presumably because of
a difference in the site of virus deposition. The subcuta-
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neous LDg, for VEEV strain 3908 administered in the tail
is 12 PFU compared with <1 PFU in the leg (D.R. Smith,
unpub. data). Mosquitoes may deposit different amounts of
virus at different anatomic sites, depending on accessibili-
ty of blood vessels.

Time of Engorgement and Infectious Dose
Transmitted

The amount of VEEV transmitted by Ae. tae-
niorhynchus did not correlate with time of engorgement.
However, we did not count how many times the mosquito
probed before beginning to engorge. Assuming that most
mosquito saliva is injected during the intradermal probing
period that precedes cannulation of a blood vessel and that
infection of the host correlates with the duration of saliva-
tion during probing, probing frequency could affect trans-
mission outcome and should be investigated.

Effects on VEE Pathogenesis of Infection
by Needle Versus Mosquito

Because mosquitoes transmit a wide range of arbovirus
doses, we injected mice with 2 doses that represented the
range of VEEV transmitted in vivo. No difference in
viremia was detected between mice infected by a mosquito
than by needle injection of a high dose. However, mice
infected by mosquito bite showed higher viremia titers at
the early (12 hours) and late (96 hours) time points than did
mice infected with a low dose given by needle. Because
mice injected with the high dose also had higher viremia
titers at some time points than did mice in the low-dose
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-=--Needle (8 PFU)
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Figure 3. Viremia in mice infected by 1 mosquito bite or intrader-
mally by needle injection with 2 different doses of Venezuelan
equine encephalitis virus representing the range of doses deliv-
ered during blood feeding (Figure 1). Five animals per cohort were
bled at each time point. Error bars indicate standard deviations.
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Figure 4. Survival of cohorts of 10 mice infected with Venezuelan
equine encephalitis virus either by 1 mosquito bite or by intrader-
mal needle injection with 2 doses representing the range of virus
titers delivered during mosquito blood feeding (Figure 1).

cohort (Figure 3), the difference in the infection by mosqui-
to bite versus a low-dose injection by needle may indicate
only that some mosquitoes transmitted doses >8 PFU. The
only way to confirm this slight effect of mosquito transmis-
sion on early and late viremia would be to duplicate the
exact distribution of in vivo transmission titers by needle
injections. However, volumes injected by mosquitoes com-
pared with those injected by needles would differ, as would
intradermal sites of deposition. Another approach is to co-
inject mosquito saliva with virus (20,22), but the same vol-
ume and site discrepancies would apply.

Although route (mosquito versus needle) or dose of
VEEV had no detectable effect on death rates (Figure 4),
mosquito transmission enhancement of early viremia titers
could affect subsequent vector infection, and comparable
studies with natural reservoir or amplification hosts are
needed to assess this possibility. In preliminary studies, no
difference in the viremia response of spiny rats was
observed after VEEV infection by needle compared with
mosquito bites (A.S. Carrara and S.C. Weaver, unpub.
data).

Our results agree with reports of little or no enhance-
ment of alphaviral infections by mosquito transmission
(24). In several studies describing enhancement of arbovi-
ral infection by mosquito transmission, multiple mosqui-
toes were allowed to feed and transmit to 1 vertebrate
(19-21), or salivary gland extracts from many mosquitoes
were injected with virus (20,22). Because natural infection
rates of mosquitoes are typically low, simultaneous trans-
mission by >1 vector is probably rare. In addition, virus
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amounts injected by needle in these studies may have been
less than the virus amount transmitted by mosquitoes,
which would confound interpretation. Artificial conditions
used for several experiments demonstrating potentiation of
arbovirus infection by mosquito transmission may there-
fore exaggerate the true effect.

Significance for Pathogenesis Studies

In conclusion, Ae. taeniorhynchus transmit less VEEV
in vivo than they deposit in vitro into capillary tubes.
Mosquito transmission of VEEV has little or no effect on
the overall murine viremia profile and none on death. To
design VEE pathogenesis studies that simulate natural
infection, a dose range from 10 PFU to 1,000 PFU is rec-
ommended to simulate mosquitoborne infections. Because
VEEV saliva titers differ among mosquito species (12),
comparable studies should be conducted with other vectors.
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Bat-transmitted Human Rabies
Outbreaks, Brazilian Amazon
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We describe 2 bat-transmitted outbreaks in remote,
rural areas of Portel and Viseu Municipalities, Para State,
northern Brazil. Central nervous system specimens were
taken after patients’ deaths and underwent immunofluores-
cent assay and histopathologic examination for rabies anti-
gens; also, specimens were injected intracerebrally into
suckling mice in an attempt to isolate the virus. Strains
obtained were antigenically and genetically characterized.
Twenty-one persons died due to paralytic rabies in the 2
municipalities. Ten rabies virus strains were isolated from
human specimens; 2 other cases were diagnosed by
histopathologic examination. Isolates were antigenically
characterized as Desmodus rotundus variant 3 (AgV3).
DNA sequencing of 6 strains showed that they were genet-
ically close to D. rotundus—related strains isolated in Brazil.
The genetic results were similar to those obtained by using
monoclonal antibodies and support the conclusion that the
isolates studied belong to the same rabies cycle, the virus
variants found in the vampire bat D. rotundus.

abies virus, the prototype species in the family

Rhabdoviridae, is a single-stranded, RNA, negative-
sense, nonsegmented virus of the genus Lyssavirus; it is
the causal agent of rabies, a disease that has been poorly
studied in most developing countries (1,2). Nonetheless,
Brazil has implemented rabies control measures, and urban
human rabies, transmitted by dogs and cats, has decreased
from 73 cases in 1990 to 17 cases in 2003 (3). Carnivores
and bats are the primary reservoirs of rabies virus in all

*Instituto Evandro Chagas, Belém, Brazil; TInstituto Pasteur, Sdo
Paulo, Brazil; $Secretaria de Saude do Estado do Pard, Belém,
Brazil; 8Ministério da Saulde, Brasilia, Brazil; {Universidade
Federal de Santa Catarina, Florianopolis, Brazil; and #Universi-
dade Federal do Para, Belém, Brazil
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continents, and bat-transmitted rabies is relatively com-
monly diagnosed in Latin American and Caribbean coun-
tries (1,4-6). In Brazil, a small number of human cases
have been confirmed as having been transmitted by vam-
pire bat bites (7,8), but because surveillance has improved
in the last few years, the occurrence of sporadic episodes
suggests a situation similar to that observed in other
American countries (5,9,10). Indeed, =39 cases of human
rabies have been reported in the United States since the
1950s, and cases of rabies transmitted by vampire bat bites
are commonly reported in Mexico, Chile, Colombia, Peru,
Venezuela, and other New World countries (1,5,6,9,11,12).

Although rabies control measures have improved in
many South American countries, the transmission of the
disease by bats has increased and has become a public
health concern, and several human cases have been detect-
ed. Outbreaks of bat-transmitted rabies have occurred in
several remote areas in Peru (5,13), Venezuela (9), and
more recently in Brazil (7). This article reports the results
of an epidemiologic investigation and the antigenic and
genetic characterization of rabies virus isolated during out-
breaks of the bat-transmitted disease that occurred in
March and May 2004 in remote areas of Portel and Viseu
municipalities, respectively, in Para State, Brazilian
Amazon region.

Material and Methods

Patients

All patients reported receiving vampire bat bites sever-
al weeks or months before manifesting encephalitic symp-
toms. All were poor persons who lived in primitive
conditions in the Acuty-Perera River communities in

1197



RESEARCH

Portel or in the Curupati community in the municipality of
Viseu, both in Pard State, Brazilian Amazon region
(Figure 1). All patients exhibited a similar disease pattern,
characterized by acute ascendant paralytic encephalitis.
Twelve patients were hospitalized and after their deaths, an
autopsy was performed and central nervous system (CNS)
specimens were obtained for laboratory diagnostic proce-
dures. Patient ages ranged from 2 to 58 years. Detailed
information concerning the patients is shown in the Table.

Areas of Occurrence

Many persons live in poor conditions in both munici-
palities where cases were reported. The municipality of
Portel (50°57'W, 1°59’S), is situated in the Marajé Island
region, state of Pard, and is =278 km distant from Belém,
the state capital; access to Belém is by the Amazon River.
Portel has =41,500 inhabitants (1.6 inhabitants/km?2);
~55% of them live in rural areas. The principal economic
activities are wood extraction agriculture (especially culti-
vation of manioc), and hook-and-line fishing; cattle graz-
ing is uncommon. In the Acuty-Perera River area, where
cases were reported, the infected persons were from the
following 3 communities: Ajara, Laranjal (Aparecida), and
Tauagu.

The municipality of Viseu, (50°49'W, 1°56’S) is in the
Bragantina region of the state of Para, 320 km distant from
Belém, with access by highways. It has =52,893 inhabi-
tants (10.2 inhabitants/km?); 68% live in rural areas.
Rabies cases were reported in the Curupati community
where =77 families lived. Economic activities include cul-
tivation of manioc and hook-and-line fishing.

Virus Isolation

All laboratory analyses were performed under pressur-
ized containment cabinets, class Il B2. From all patient
specimens, homogenates were obtained as previously
described (14). Briefly, 0.02 mL of each suspension in
phosphate-buffered saline (pH 7.4) containing fraction V
bovine albumin solution (0.75%), penicillin (100 1U/mL),
and streptomycin (100 png/mL), was injected intracerebral-
ly into 12 newborn mice. After injection, the mice were
observed daily for 3 weeks or until the animals became
sick, when their brains were removed and used for
immunofluorescence assay (IFA) or stored at —70°C for
further molecular biology procedures.

Detection and Characterization of Isolates

All human CNS samples and suckling mouse brains
were used to prepare impression smears, which were
examined by direct IFA with a fluorescent antirabies con-
jugate, as described elsewhere (15). All rabies virus strains
isolated were antigenically typed by indirect IFA by using
a panel of 8 monoclonal antibodies prepared against the
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Figure 1. Para State showing the municipalities of Portel and
Viseu, where vampire bat—transmitted rabies cases were reported.
Source: Adapted from Government of Para State website:
www.brasilrepublica.hpg.ig.com.br/para.htm

viral nucleoprotein (Centers for Disease Control and
Prevention, Atlanta, GA, USA) (9,16). Six original CNS
samples (3066M, 3067M, 3068M, 3072M, and 3522M
from Portel and 5214 from Viseu) were tested in a reverse
transcription—-PCR that amplifies a 1,352-bp fragment of
the nucleoprotein gene with sense primer N1 5-ATGGAT-
GCCGACAAGATT 3’and anti-sense primer N2 5’-TTAT-
GAGTCACTCGAATA 3’ as described by Carnieli et al.
(17) by using Superscript Il Reverse Transcriptase
(Invitrogen Ltd., S&o Paulo, Brazil) and Tag DNA
Polymerase (Invitrogen, Carlsbad, CA, USA), according
to the manufacturer’s instructions.

PCR products were excised from agarose gel, purified
with QIAquick gel extraction kit (Qiagen Inc., Valencia,
CA, USA), and sequenced reaction with anti-sense primer
and DYEnamic ET Dye Terminator (Amersham
Biosciences, Piscataway, NJ, USA), according to the man-
ufacturer’s instructions, in 4 replicates. The sequences were
resolved in a MegaBACE DNA sequencer (Amersham
Biosciences).

The final sequence of each strain was aligned by the
Clustal method with Bioedit (18) (http://www.mbio.
ncsu.edu/BioEdit/bioedit.html) and MEGA 2.1 (www.
megasoftware.net), with homologous sequences derived
from GenBank (accession numbers shown in Figure 2).
The alignment was used to build a neighbor-joining dis-
tance tree with the Kimura 2-parameter model and 1,000
bootstrap replicates with MEGA 2.1 (19).

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006



Bat-transmitted Human Rabies, Brazil

Table. Generic information regarding 12 patients with diagnosis of paralytic rabies from Portel and Viseu municipalities, Para State

Virus Place of GenBank
Patient Age (y), sex Place Municipality isolation Onset Death bite(s) accession no.*
1 1, F Tauagu Portel Yes 19 Mar 28 Mar Feet NA
2 22, F Ajara Portel Yes 9 Mar 24 Mar Feet DQ097077
3 42, M Ajara Portel Yes 10 Mar 31 Mar Feet NA
4 30, M Ajara Portel Yes 19 Mar 30 Mar Feet NA
5 12, M Ajara Portel Yes 9 mar 30 Mar Feet DQ097076
6 26, F Ajara Portel Yes 19 Mar 1 Apr Feet DQ097080
7 30, F Laranjal Portel Yes 23 Mar 3 Apr Feet DQO097078
8 2,M Laranjal Portel Yes 1 Apr 6 Apr Head DQ097079
9 22, M Laranjal Portel Not 15 Mar 28 Mar Feet NA
10 2, M Laranjal Portel Not 16 Mar 30 Mar Head/feet NA
11 58, M Curupati Viseu Yes 30 Apr 17 May NA DQO097075
12 22, M Curupati Viseu Yes 5 May 14 May NA NA
*NA, not available or unknown.
tDiagnosis by histopathologic examination.
Results Discussion

Twenty-one cases of bat-transmitted rabies were report-
ed (15 from Portel and 6 from Viseu). Twelve were con-
firmed by laboratory diagnostic procedures, and 9 cases (5
of Portel and 4 of Viseu) were confirmed by clinical and
epidemiologic linkage. Of the laboratory-confirmed cases,
2 from Portel were diagnosed by histopathologic examina-
tion and 10 (8 from Portel and 2 from Viseu) were diag-
nosed by IFA or by virus isolation in suckling mice.
Antigenic characterization showed variant 3 (AgV3), the
primary reservoir of which is the vampire bat Desmodus
rotundus. One additional rabies virus isolate obtained from
a D. rotundus was also typed as AgV3 (E.S.T. da Rosa and
P.F.C. Vasconcelos, unpub. data).

The nucleotide identity among the 6 sequences from the
human rabies strains of this study was 99.3%; identity
among the 5 strains from Portel was 100%, and identity
among these and the strain from Viseu was 97.2%. These
same 6 strains had an identity of 97% when compared to
AgV3 D. rotundus strains and 82.8% when compared to
AgV2 Brazilian dog strains. Furthermore, the nucleotide
identity among the 6 human strains and strains related to
raccoons was 85.2%; it was 84.5% when compared to
fixed strains CVS and AV01l (GenBank accession nos.
D42112.1 and X13357.1, respectively). The phylogenetic
tree (Figure 2) shows a clustering pattern that is in accor-
dance with each specific host or variant of the rabies virus,
each cluster supported by a bootstrap value of at least 98%.

The 6 human isolates were genetically grouped in the
D. rotundus cluster, supported by a bootstrap value as high
as 1,000. The 5 strains from Portel grouped together in an
exclusive polytomic subcluster, supported by a bootstrap
value of 97%, while strain 5214M from Viseu grouped in
a paraphyletic and more resolved subcluster among sam-
ples detected in D. rotundus and Artibeus spp. from Brazil
and an AgV3 strain detected in a Brazilian cat
(AY563517.1).
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This is the first outbreak of vampire bat-transmitted
rabies reported in Brazil in which rabies virus was isolated
from humans and bats and in which the isolated strains
were antigenically and genetically characterized. Previous
reports of bat-transmitted outbreaks were based only on
clinical and epidemiologic linkage, and in all of these out-
breaks, infected persons were living in small, remote areas
with difficult access in the Amazon region, including iso-
lated Indian villages and clandestine gold mining areas in
the states of central and northern Brazil. In these episodes,
deaths were reported several weeks after the patients had
died and therefore, no clinical specimens could be
examined (7,20).

In contrast, although the outbreaks of Portel and Viseu
occurred in isolated remote areas, access to them was facil-
itated by rivers (Portel) and highways (Viseu) and also by

Desmodus rotundus -related straing
Agv3)

Dogrralatnd strains
tAgva)

[T

Figure 2. Neighbor-joining tree with K2P model based on partial
nucleoprotein gene sequences of rabies virus from Desmodus
rotundus AgV3, raccoons, fixed strains, and dog AgV2. Each taxon
is represented by its respective GenBank accession number
(human strains from the present study are in bold and underlined).
Numbers at each node are 1,000 bootstrap replicate values; the
bar indicates genetic distance.
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the fact that both areas were considerably closer to Belém,
the capital of Para State.

Moreover, in the last few years, improvement in the sur-
veillance for rabies and several other less-studied infectious
diseases by the Brazilian Ministry of Health and Secretary
of Health for Para State has resulted in a more sensitive sys-
tem for detecting and investigating all relevant and unusu-
al episodes suspected to be bat-transmitted rabies. The
number of cases of bat-transmitted human rabies is, there-
fore, expected to increase: not only because of the
improved epidemiologic surveillance system but also
because of the reduction in opportunities for the bat’s life
cycle to be maintained in urban areas (1,5,7-9,12). An epi-
demiologic investigation of cases in humans in Portel and
Viseu areas showed that vampire bat bites are common.
Indeed, all victims had a history of bat bites, but bites were
not considered a risk for acquiring rabies. Moreover, 1,558
persons in Portel (Acuty Perera River communities) report-
ed >1 episode of vampire bat aggression, and many inhab-
itants reported several bat bites in the 12 months before the
outbreak. All these persons received postexposure treat-
ment (antirabies serum and 5 doses of diploid human cells
vaccine). Persons reporting bat bites for >1 year (838 per-
sons in the Acuty Perera River communities) received pre-
exposure treatment (3 doses of diploid human cells
vaccine). After treatment measures, cases of rabies by bat
aggression were no longer reported. Moreover, in Portel
County, 4,504 dogs and 1,789 cats were also vaccinated (3).

Nonetheless, the lack of clinicians to diagnose the first
cases at local hospitals has contributed to the increased
number of noninvestigated cases and for the delay in recog-
nizing them as rabies. In Peru, the country with the highest
prevalence of bat-transmitted rabies in the Americas, sever-
al epidemics have been recognized. Delay in recognizing
the disease was associated with several outbreaks (5,13). In
Portel and Viseu, all clinical cases were characterized as
ascendant paralytic rabies. Patients exhibited paresis, paral-
ysis, dyspnea and difficulties of speech, soreness or lethar-
gy, photophobia, aerophobia, hydrophobia, and coma,
symptoms similar to those previously reported in other
vampire bat-transmitted rabies outbreaks (1,5,7,21-24).
The topology of the neighbor-joining tree, shown in Figure
2, grouped all rabies strains according to each respective
host and variant, which validates the sequenced region and
the tree-building method; in addition, the nucleotide identi-
ty among AgV3 strains and the human strains studied here
(97%) match the thresholds described for different variant-
host associations (25). The distance-based phylogenetic
analysis of the N gene, based on full-length (1,350 nt) or
partial (200-300 nt) sequencing, allows highly statistically
supported clusterings for each rabies virus variant or each
host-specific variant; the method is the most efficient in
rabies molecular epidemiology (26).
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These results lead to the conclusion that all strains of
rabies virus isolated from humans during the rabies out-
break in northern Brazil in 2004 are related to the D.
rotundus variant commonly found in Brazil, which sup-
ports the data generated by antigenic typing.
Nevertheless, since all 5 sequenced strains from Portel
grouped in different subclusters when compared with the
sequenced strain from Viseu, this finding might be a sign
that regional patterns of lineages of AgV3 rabies virus
exist. Because the 2 municipalities are 530 km apart and
in different ecologic and geographic regions, the Portel
subclusters represent a unique and exclusive lineage.
Whether the strain involved in the Viseu outbreak is in
fact, monophyletic with all D. rotundus strains used in the
phylogenetic analysis or could give rise to other para-
phyletic subclusters still remains to be answered by analy-
sis of more samples from the same area.

The complete identity among the 5 Portel strains might
be due to the high attack rates reported in this specific out-
break, because the same virus lineage or subclusters would
be rapidly transmitted by a homogeneously infected popu-
lation of vampire bats sharing an exclusive lineage of
rabies virus. Subclusters in AgV3 from D. rotundus are not
an uncommon binding, and strains from the same area are
likely to cluster together (27). In Latin America, area-spe-
cific clusterings have been described for AgV3 in
Argentina, Venezuela, and Mexico, where clusterings
divergent from those in Brazil are known to occur
(6,9,12,28).

The genetic data obtained from the human strains stud-
ied here might be used to follow in a more accurate way,
the population of D. rotundus involved in transmission
when the rabies virus strains detected in these bats and
regional ecologic information about these become avail-
able. This information might provide a powerful tool to
help understand the factors that facilitated the outbreak and
prevent others in the future.

The isolation of a strain from the vampire bat D. rotun-
dus in Breves, a municipality bordering Portel (Figure 1)
and close to where human infections were reported, is
definitively incriminates this species in the transmission of
rabies virus in Pard State (E.S.T. da Rosa and P.F.C.
Vasconcelos, unpub. data).

Previous reports showed a rabid infection frequency
ranging from 0% to 3% for D. rotundus, which is associat-
ed with high or low endemicity (29). In the outbreaks
described in this article, rabies virus was only isolated near
the Portel area (Breves municipality) from a single D.
rotundus among 23 of 132 bats studied. The aggression of
vampire bats in these remote areas may be because persons
live in unprotected dwellings (houses either without walls
or without windows and doors) as shown in Figure 3, and
the number of wild animals, cattle or equines, is small.
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Moreover, in June 2005, 9 other vampire bat-transmitted
rabies cases in humans were reported in communities of
Augusto Correa Municipality (Figure 1), which borders
Viseu (E.S. Travassos da Rosa and P.F.C. Vasconcelos,
unpub. data).

Finally, public health campaigns should carried out to
alert inhabitants of remote, small communities in the
Amazon region to the risk of bat bites in transmitting rabies,
and the need for all persons who report attacks of bats to
undergo postexposure treatment to prevent other cases of
vampire bat-transmitted rabies. Also, ecologic studies
should be initiated to clarify the dynamics of rabies infec-
tion between populations of D. rotundus in affected areas.
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Grandmother Speaks of the Old Country

Lola Haskins

That year there were many deaths in the village.
Germs flew like angels from one house to the next
and every family gave up its own. Mothers

died at their mending. Children fell at school.

Of three hundred twenty, there were eleven left.
Then, quietly, the sun set on a day when no one
died. And the angels whispered among themselves.
And that evening, as he sat on the stone steps,
your grandfather felt a small wind on his neck
when all the trees were still. And he would tell us
always, how he had felt that night, on the skin

of his own neck, the angels, passing.

Copyright 2004 by Lola Haskins. Reprinted from Desire Lines: New and Selected Poems, BOA Editions, 2004, by permission
of the author and the publisher through American Life in Poetry, an initiative of Ted Kooser, the 2004—2006 poet laureate con-
sultant in poetry to the Library of Congress; the American Life in Poetry project is supported by The Poetry Foundation, the
Library of Congress, and the Department of English at the University of Nebraska-Lincoln.
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Streptococcus suis Sequence
Type 7 Outbreak, Sichuan, China

Changyun Ye,*f Xiaoping Zhu,$! Huaigi Jing,** Huamao Du,*! Mariela Segura,§!* Han Zheng,*!
Biao Kan,* Lili Wang,* Xuemei Bai,* Yongyun Zhou,* Zhigang Cui,* Shouying Zhang,* Dong Jin,*
Na Sun,* Xia Luo,* Ji Zhang,* Zhaolong Gong,* Xin Wang,* Lei Wang,* Hui Sun,* Zhenjun Li,*
Qiangzheng Sun,* Honglu Liu,{ Boging Dong,# Changwen Ke,# Hui Yuan,* Hua Wang,tt
Kecheng Tian,tf Yu Wang,T Marcelo Gottschalk,§ and Jianguo Xu*t

An outbreak of Streptococcus suis serotype 2
emerged in the summer of 2005 in Sichuan Province, and
sporadic infections occurred in 4 additional provinces of
China. In total, 99 S. suis strains were isolated and ana-
lyzed in this study: 88 isolates from human patients and 11
from diseased pigs. We defined 98 of 99 isolates as pulse
type | by using pulsed-field gel electrophoresis analysis of
Smal-digested chromosomal DNA. Furthermore, multilocus
sequence typing classified 97 of 98 members of the pulse
type | in the same sequence type (ST), ST-7. Isolates of
ST-7 were more toxic to peripheral blood mononuclear cells
than ST-1 strains. S. suis ST-7, the causative agent, was a
single-locus variant of ST-1 with increased virulence.
These findings strongly suggest that ST-7 is an emerging,
highly virulent S. suis clone that caused the largest S. suis
outbreak ever described.

treptococcus suis, a swine pathogen, is increasing in
clinical importance in countries with intensive swine
industries (1-4). Infection in humans is considered an
occupational disease that affects persons who work in
close contact with pigs or pork byproducts (5). Currently,

*National Institute for Communicable Disease Control and
Prevention, Beijing, People’s Republic of China; fState Key
Laboratory of Infectious Diseases Prevention and Control, Beijing,
People’s Republic of China; #Sichuan Provincial Center for
Disease Control and Prevention, Chengdu, People’s Republic of
China; 8Université de Montréal, Montreal, Quebec, Canada;
fiGuangxi Provincial Center for Disease Control and Prevention,
Nanning, People’s Republic of China; #Guangdong Provincial
Center for Disease Control and Prevention, Guangzhou, People’s
Republic of China; **Jiangxi Provincial Center for Disease Control
and Prevention, Nanchang, People’s Republic of China;
ttJiangsu Provincial Center for Disease Control and Prevention,
Nanjing, People’s Republic of China; and $$Guizhou Provincial
Center for Disease Control and Prevention, Guiyang, People’s
Republic of China
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35 capsular types or serotypes are officially described; S.
suis serotype 2 is considered the most prevalent and viru-
lent in pigs and humans (6). The first human case was
recorded in 1968, and only 200 cases have been subse-
quently reported globally through June 2005 (5). In some
Asian countries, S. suis may be the second most common
cause of adult streptococcal meningitis (7).

However, a larger outbreak due to S. suis serotype 2
emerged in the summer of 2005 in Sichuan Province,
China. In total, 215 cases were reported; 38 deaths occurred
in 202 villages in 36 counties. New cases were identified in
4 additional provinces in China after the Sichuan outbreak.
A striking feature of this outbreak was the unusually high
rate of death and streptococcal toxic shocklike syndrome
(STSS) as a clinical manifestation. Indeed, reported symp-
toms included high fever, malaise, nausea, vomiting, and
diarrhea, followed by meningitis, subcutaneous hemor-
rhage, toxic shock, and coma in severe cases. This
increased severity of S. suis infections in humans, such as
the shorter incubation time, more rapid disease progression,
and higher death rate, underscores the need to better under-
stand the factors associated with S. suis infection.

The aim of this study was to characterize and analyze
the causative agent of this unusual outbreak with regard to
its virulence and evolution. Using multilocus sequence
typing (MLST), we classified the isolated strains into a
single sequence type (ST), ST-7 of the ST-1 complex. The
ST-1 complex is strongly associated with cases of sep-
ticemia and meningitis worldwide (8). S. suis ST-7
expressed the proposed virulence markers muramidase-
released protein (MRP), extracellular protein factor (EF),
and hemolysin (named suilysin) (9-11) and was markedly

1These authors contributed equally to this study.
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more cytototoxic to human peripheral blood mononuclear
cells (PBMC) than a representative ST-1 strain.

Methods

Bacterial Isolation and Identification

All o-hemolytic streptococcal colonies grown on sheep
blood agar from specimens obtained from normally sterile
sites on humans or diseased pigs were identified as S. suis
by API-20 STREP system (Biomerieux, WeTech, Beijing,
People’s Republic of China) (Table). The specific serotype
of the isolates was characterized as S. suis capsular type 2
by using S. suis antisera specific against individual
serotypes (provided by the Statens Serum Institut,
Copenhagen, Denmark) and confirmed by the coagglutina-
tion test, as previously reported (12). PCR assays were used
to detect the genes coding for 16S rRNA of S. suis, for the
capsule of S. suis serotype 2 (cps2J), and for MRP, suilysin
(sly), and EF, as reported (9,10,13). PCR results were con-
firmed by sequencing the synthesized fragments. The
expression of the virulence markers MRP, suilysin, and EF
was confirmed at the protein level by Western blotting bac-
terial culture supernatants as previously described (11).

Pulsed-field Gel Electrophoresis (PFGE) Analysis

The protocol described by Berthelot-Hérault et al., with
modification, was used (14). Cells were restricted with 25
U of Smal (Promega, Sino-American Biotechnology Co,
Beijing, People’s Republic of China). DNA fragments
were resolved by PFGE with 1% SeaKem Gold agarose
gels and the CHEF-DR Il system (Bio-Rad, Beijing,
People’s Republic of China). Salmonella enterica serovar
Braenderup H9812 restricted with Xbal was used for
molecular weight and size determinations (15).
Similarities between restriction endonuclease digestion
profiles were analyzed by using BioNumerics software
(Applied Maths, Kortrijk, Belgium).

MLST and Phylogenetic Analysis

Seven housekeeping gene loci described by King et al.
for MLST analysis of S. suis were used in this study:
cpn60, dpr, recA, aroA, thrA, gki, and mutS coding for a

60-kDa chaperonin, a putative peroxide resistance protein,
a homologous recombination factor, a 5-enolpyruvylshiki-
mate 3-phosphate synthase, an aspartokinase/homoserine
dehydrogenase, a glucose kinase, and a DNA mismatch
repair enzyme, respectively (8). PCR products were puri-
fied by using QIAquick PCR product purification columns
(Qiagen, Gene, Beijing, People’s Republic of China) and
directly sequenced at both ends with an ABI Prism 3700
DNA analyzer system (Perkin Elmer Applied Biosystems,
Wellesley, MA, USA) (8). For each isolate, the alleles at
each of the 7 loci defined the allelic profile or ST. MLST
information in the S. suis database identified the phyloge-
netic position of isolates collected in this outbreak investi-
gation (8). eBURST was used to identify clonal complexes
within S. suis and to display the overall structure of the
population in the MLST database at http://ssuis.mlst.net
(16,17). This database contains 92 previously described
STs derived from isolates from various sources, including
diseased pigs and human patients from different countries.
Bayesian maximum likelihood trees were reconstructed
with MrBayes version 3.1.1, and maximum likelihood
trees were made with the HKY85 model (18).

Cytotoxicity Assays

Bacterial cytotoxicity to PBMCs from healthy donors
was determined as previously described (19). PBMCs
were seeded at a final concentration of 106 cells/mL in 24-
well plates and incubated for 4 h at 37°C in the presence of
=107 CFU/mL S. suis strain SC84 and SC22 (selected as 2
representative strains from the Sichuan outbreak and iso-
lated from 2 human patients with STSS) or S. suis refer-
ence strain 31533 used as a control. Strain 31533, isolated
from a pig with meningitis in France, was virulent in pig
models of infection and toxic to several types of host cells
(19,20). Bacterial cytotoxicity was evaluated by lactate
dehydrogenase measurement with Cyto-Tox 96 Cytoxicity
Kit (Promega, Madison, WI, USA) according to the man-
ufacturer’s instructions. Percentage of cytotoxicity was
calculated as (sample optical density [OD],q
OD;,)/(OD ;g9 — ODge,,)*100, where ODy,, represents the
OD,y, of noninfected cells and OD,,, represents the
OD g, Of cells treated with lysis buffer as indicated by the

Table. Streptococcus suis capsular type 2 isolates included in this study*

No. isolates tested Origin (province) Host PFGE profile MLST profile Comments

84 Sichuan Human Type | ST-7 Summer 2005, outbreak

1 Jiangxi Human Type | ST-7 Summer 2005, sporadic

1 Guangdong Human Type | ST-7 Summer 2005, sporadic

1 Guangxi Human Type | ST-1 Summer 2005, sporadic

1 Guizhou Human Type Il ST-1 Summer 2005, sporadic

1 Jiangsu Human Type | ST-7 Summer 1998, outbreak

8 Sichuan Pig Type | ST-7 Summer 2005, outbreak, diseased pigs
3 Jiangxi Pig Type | ST-7 Summer 2005, sporadic, infected pork
1 Jiangsu Pig Type | ST-7 Summer 1998, outbreak, diseased pig

PFGE, pulsed-field gel electrophoresis; MLST, multilocus sequence typing.
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manufacturer. Empty wells with cell culture medium alone
served as blanks.

Results

In total, 99 S. suis strains were isolated in this study
(Table): 88 from human patients and 11 from diseased
pigs. Of the 88 human isolates, 1 each was from
Guangdong, Jiangxi, Guizhou, and Guangxi. From the
Sichuan outbreak in the summer of 2005, we found 84
human isolates, distributed in 63 administrative villages of
29 counties, and included them in this study. Two strains,
1 from a human patient and 1 from a diseased pig in
Jiangsu during the 1998 S. suis outbreak, were also includ-
ed to determine whether the causative agents for the 2 out-
breaks were clonal (21).

Of the 11 pig isolates obtained in 2005, 8 were from
Sichuan and 3 were from Jiangxi. One of the 8 isolates
from Sichuan, named SC16, originated from 1 diseased pig
in a herd. The human patient, who slaughtered and
processed the first diseased pig in the same herd, became
ill 6 hours later and died 18 hours after the onset of illness.
The 3 isolates from Jiangxi were isolated from infected
meat samples from a cold storage house. The human
patient who processed the meat was infected.

All strains were determined as serotype 2 by using
diagnostic antiserum against S. suis and confirmed by the
coagglutination method with specific type 2 antiserum
(12). The identity of the isolates as S. suis serotype 2 was
further confirmed by positive PCR for the genes coding for
the 16S rRNA of S. suis and for the capsule of S. suis
serotype 2 (cps2J).

PCR showed all isolates to be positive for the virulence
genes coding for MRP, suilysin (sly), and EF (9,10). PCR
results were confirmed with nucleotide sequencing. Ten
selected strains tested positive for suilysin, EF, and MRP
by Western blot with specific antibodies, as described pre-
viously, which confirmed the expression of these viru-
lence-related genes (11). We saw no indication that S. suis
was transmitted between humans, and almost all patients
had contact with pigs or infected meat (22).

PFGE effectively detected relationships between genet-
ic background, virulence traits, and epidemiologic impli-
cations of many bacterial pathogens. Vela et al. analyzed
302 S. suis clinical isolates of various serotypes from var-
ious countries and identified 60 different pulse types, of
which 50% corresponded to a single pulse type. One pulse
type represented 46.3% of the swine isolates that may be
related to a higher pathogenic potential or to a wider envi-
ronmental distribution (23). In this study, chromosomal
DNA digested with Smal was analyzed in the 101 isolates
described in the Table. Results showed 2 pulse types. Pulse
type | was found in 100 of the 101 isolates, including those
from human patients and diseased pigs from Sichuan and

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006

Streptococcus suis Sequence Type 7 Outbreak

4 other provinces: Jiangxi, Guangdong, Guangxi, and
Jiangsu (Figure 1). This finding indicates that pulse type |
was the primary cause of this human outbreak and that the
causative agent was clonal. Only 1 isolate, GZ1, isolated in
August 2005 and having a slightly different PFGE profile,
was from a human patient in Guizhou Province (Figure 1).

Although the PFGE-based network, PulseNet
International, is used worldwide for molecular epidemiol-
ogy, no database is available for S. suis to enable compar-
ison of genetic relatedness among isolates from various
origins. MLST defines strains by using sequences at 7
housekeeping loci and has become the method of choice
for addressing questions related to epidemiology, popula-
tion, and evolutionary biology. The MLST network,
http://lwww.mlst.net, allows laboratories to quickly char-
acterize their strains, relate them to those submitted by
others, and compare them with the pathogen populations
as a whole through the Internet (16,24). The selected 7
housekeeping gene loci from all 101 S. suis isolates were
amplified and sequenced. DNA sequences from the 7 loci
of all isolates were determined (DQ205243-51), and allel-
ic profiles were assigned and submitted to the MLST data-
base for S. suis (http://ssuis.mlst.net) (8). In our study, 99
of 101 isolates were identified as ST-7, including all 92
isolates from human patients and diseased pigs collected
during the Sichuan outbreak in 2005, as well as the 2 iso-
lates from the Jiangsu outbreak in 1998 (1 from a human
patient and 1 from a diseased pig). In addition, the isolates
from Jiangxi (1 human and 3 pig isolates) and Guangdong

Province  Year

92015 Human Jiangsu 1058
401 Human Guangdong 2005
GX1  Human Guangd 2005
J%1 Human  Jiangsi 2005
JXs3  Pig Jiangd 2005
SC152 Human Sichuan 2005
SC18 Pig

Sichuan 2005

oz Human Guizhou 2005

R0
oF

Figure 1. Pulsed-field gel electrophoresis (PFGE) profiles of
selected isolates from various parts of China. All isolates of
Streptococcus suis were digested with Smal. The molecular size
of each restriction fragment was calculated with the Comparative
Quantification/Polymorphism analysis feature of the Molecular
Analyst Fingerprinting Plus software (Quantity One version 4.0,
Bio-Rad, Beijing, People’s Republic of China) based on mobility of
S. suis isolates on the same gel with Salmonella enterica serovar
Braenderup H9812 digested with Xbal, as universal standard of
PulseNet International. Clustering of PFGE patterns was per-
formed by an unweighted paired group with arithmetic averaging
(UPGMA). The dendrogram of PFGE patterns of isolates tested
were drawn with PulseNet software BioNumerics, with a 1.5%
position tolerance and 1% optimization.
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(1 human isolate) obtained during summer 2005 were also
assigned to ST-7. One human isolate from a patient in
Guizhou (strain GZ1) and 1 human isolate from Guangxi
(strain GX1) were identified as ST1 (DQ205251). Strain
GZ1 showed a PFGE profile that differed slightly from
that of the Sichuan isolates (Figure 1, pulse type II).
However, strain GX1 had a pulse type | profile similar to
that of the Sichuan isolates. These results indicate that
MLST is a more powerful discriminatory and epidemio-
logic tool.

To gain information on the origin and relationships
between ST-7 and other STs, we evaluated the population
genetic diversity of the entire S. suis MSLT database with
eBURST, which divides an MLST dataset of any size into
groups of related isolates and clonal complexes, predicts
the ancestral genotype for each clonal complex, and com-
putes the bootstrap relatedness value. Using this technique,
we showed bacterial clonal diversity in S. suis and provid-
ed evidence for the emergence of new clones of particular
clinical relevance (17). The population snapshot of all iso-
lates of S. suis generated by eBURST, including our 101
isolates along with all 294 isolates with available MLST
data, showed 6 major clusters of related STs and numerous
unlinked STs. Of unlinked STs, we noted 6 ST complexes
with single-locus variants and some with double-locus
variants (8,17). Interspersed among these clonal complex-
es were minor groups, typically joined doublets and indi-
vidually unlinked STs that were not single-locus variants
of any other STs in the database (Figure 2).

The 6 major clonal complexes with single- and double-
locus variants were ST-1, ST-17, ST-27, ST-61, ST-29, and
ST-87 (Figure 2). The major clonal complex of S. suis, ST-
1, contained isolates from humans and pigs that had inva-
sive disease or were healthy carriers and included, besides
serotype 2, isolates of serotypes 1, 1/2, 3, 8, 14, and 1/14.
ST-1, original strain of the ST-1 complex (with 100% boot-
strap support), includes pig isolates from England (83),
Spain (44), the Netherlands (3), France (4), and Hong
Kong (5); it is the predominant ST responsible for most
swine infections worldwide.

ST-7 may be derived from ST-1, the primary strain of
the clonal ST-1 complex, and it may have caused the
human infections in Sichuan Province. ST-7 (ST profile
1,1,1,1,1,1,3) (DQ205243-50) and ST-1 (ST profile
1,1,1,1,1,1,1) (DQ205243-51) may have diversified by a
stepwise accumulation of point mutations. Furthermore,
ST-7 may have only very recently diverged, since it
showed a high level of similarity in terms of both allelic
profiles and sequences to their nonidentical alleles. Thus,
the closely related ST-1 and ST-7 share 6 identical loci
and have 1 locus, thyA, differing only at a single
nucleotide (Figure 2). Because the housekeeping genes
are recognized as the stable core of the bacterial genome,
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Figure 2. Population snapshot of Streptococcus suis. The entire S.
suis multilocus sequence type database is displayed as a single
eBURST diagram. The 6 major sequence type (ST) complexes are
each denoted by a number. The patterns of descent within these
ST complexes are discussed in the text. Primary founders (dark
green) are positioned centrally in the cluster, and subgroup
founders are shown in light green, except ST-7, which is shown in
orange to emphasize its importance. The area of each circle in the
diagram corresponds to the abundance of the isolates of the ST in
the input data.

this divergence further shows the emergence of a new
virulent ST.

Using eBURST analysis of the MSLT database, we also
examined isolates of S. suis serotype 2 from human
patients or diseased pigs that have been shown experimen-
tally to be highly virulent in porcine models of infection
(8,20,25). Six of the 7 so-called highly virulent strains
belonged to ST-1, including 1 strain isolated from a patient
with meningitis in England (H11/1) and 1 strain isolated
from an abattoir worker with meningitis in Hong Kong
(87555). Another highly virulent strain (89-1591) isolated
from a pig with septicemia was ST-25, a single-locus vari-
ant of the ST-29 complex (26).

Discussion

Strains isolated from human patients (including those
from the MLST database and this study) can be regrouped
in either ST-1, ST-6, ST-7, and ST-84 (ST-1 complex) or
ST-25 (ST-29 complex) by MLST. ST-1 includes 10 iso-
lates of S. suis serotype 2 recovered from human infections
in France (n = 4), England (n = 1), and Hong Kong. The
Hong Kong strains were isolated in 1985 (n = 1), 1995 (n
= 3), and 1997 (n = 1). In addition, ST-1 also includes 1
strain of S. suis serotype 14 isolated from a patient in
England. ST-25 contains the only 3 serotype 2 strains iso-
lated from human patients in Canada (27,28). ST-6 con-
tains a strain of serotype 14 isolated from a human patient
in the Netherlands (29). Before our study, only 1 member
of ST-7 had been isolated from the blood of a patient with
sepsis in Hong Kong in 1996 (8,30). The ST-1 and ST-29
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complexes are highly virulent clones of S. suis popula-
tions, and the ST-1 clonal complex is the major complex of
S. suis with public health ramifications and is responsible
for most human infections. The 3 isolates in ST-25 have
none of the recognized virulence genes in S. suis: ef, mrp,
and sly. Therefore, we propose that the ST-1 clonal com-
plex is the dominant highly virulent complex and has the
potential to cause large human S. suis infection outbreaks.
The potential of ST-7 as an emerging virulent clone within
the ST-1 complex was further suggested by results
obtained by using the cytotoxicity assay with human
PBMCs. As shown in Figure 3, live bacterial cell suspen-
sions prepared from S. suis strains SC84 and SC22 (ST-7),
isolated from human patients with STSS in Sichuan, were
significantly more toxic to PBMCs than the S. suis refer-
ence strain 31533 (ST-1) when cells were incubated >2
hours under similar conditions of bacterial growth. Strain
31533 was virulent in mouse and pig models of infection
and was toxic to several types of host cells, as demonstrat-
ed by in vitro assays (19). Thus, this difference in cytotox-
icity is not only significant but also relevant to the
fulminant characteristics of the Sichuan outbreak.

This hypothesis is further supported by phylogenetic
analysis of the sequences from 92 STs of the 7 S. suis
housekeeping genes (Figure 4). To show the phylogenetic
relationships between the ST-1 complex and genetic popu-
lations of S. suis, we examined the possibility that phylo-
genetic data were sufficient to construct a relatedness tree
among members of STs and, in particular, for the virulent
clonal ST-1 complex. Phylogenetic analysis showed 6
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Figure 3. Cytotoxicity of Streptococcus suis sequence type (ST) 7
to human peripheral blood mononuclear cells. Data were collected
from 3 experiments, which were performed in triplicate and
expressed as the mean percentage of cytotoxicity, plus or minus
standard deviations. *p<0.001 (compared to the value of S. suis
ST-1 representative strain 31533) as determined by analysis of
variance with SAS version 8 software (SAS Institute, Cary, NC,
USA).
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lineages within the S. suis population. The previously iden-
tified complexes ST-61, ST-27, and ST-87 were placed in
lineages 2, 5, and 6, respectively; most of the STs have
only a single isolate. The ST-29 complex that contains
human isolates of ST-25 is in lineage 5. The clonal ST-1
complex forms a single lineage and appears to be dominant
in various locations (8). It has 4 STs for human isolates,
ST-1, ST-6, ST-7, and ST-84, which may have evolved
from a common ancestor (Figure 4). In this complex, S.
suis ST-7 emerged first in Hong Kong in 1996, caused 28
cases in Jiangsu Province in 1998, and was responsible for
the largest outbreak of human S. suis infection in history
that occurred in Sichuan Province, China, in 2005 and
resulted in 215 cases with 38 deaths (8,21,30).

The high death rate in the Sichuan outbreak is of great
concern since few human S. suis infections are fatal. This
increased virulence may be related to a horizontal gene
transfer of a possible new toxin or superantigen consistent
with the most relevant clinical manifestation of this out-
break, i.e., STSS. Recently, resistance gene exchanges were
reported between porcine S. suis and various human strep-
tococcal species, including S. pyogenes. Thus, gene transfer
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Figure 4. Unrooted Bayesian tree of the concatenated sequence
of the 92 sequence types (STs) of Streptococcus suis. The tree
was constructed by using MrBayes (version 3.1.1) according to the
HKY85 model of DNA substitution with no rate variation across
sites. Four Markov chains were run for a million generations, and
the Markov chain is sampled every 100 generations (18). The
sampled parameter values were summarized by discarding the
first 2,000 samples as burn-in. On the basis of the last 9,000 sam-
ples taken from the posterior probability distribution, a 50% major-
ity rule consensus tree was computed. The posterior probability
given on each branch is a percentage of these trees supporting
each node. The 6 lineages defined in this study are shadowed in
light gray. The 6 major clonal complexes identified previously by
King et al. (8) as well as in this study are shadowed in dark gray.
The five STs containing isolates from human invasive disease are
shown as red dots. A larger version of this figure is available online
at http://www.cdc.gov/ncidod/EID/vol12n008/06-0232-G4.htm
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from porcine to human streptococci and vice versa is
possible, albeit at a low frequency (31). Therefore, S. suis
ST-7 might be an emerging virulent infectious disease. This
unusual S. suis clone may spread further across China and
to the rest of the world; spread may become more pro-
nounced with the rapid development of the export business.
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Carbapenem Resistance In
Klebsiella pneumoniae Not
Detected by Automated
Susceptibility Testing
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Detecting B-lactamase—mediated carbapenem resist-
ance among Klebsiella pneumoniae isolates and other
Enterobacteriaceae is an emerging problem. In this study,
15 blaypc-positive Klebsiella pneumoniae that showed dis-
crepant results for imipenem and meropenem from 4 New
York City hospitals were characterized by isoelectric focus-
ing; broth microdilution (BMD); disk diffusion (DD); and
MicroScan, Phoenix, Sensititre, VITEK, and VITEK 2 auto-
mated systems. All 15 isolates were either intermediate or
resistant to imipenem and meropenem by BMD; 1 was sus-
ceptible to imipenem by DD. MicroScan and Phoenix report-
ed 1 (6.7%) and 2 (13.3%) isolates, respectively, as
imipenem susceptible. VITEK and VITEK 2 reported 10
(67%) and 5 (33%) isolates, respectively, as imipenem sus-
ceptible. By Sensititre, 13 (87%) isolates were susceptible
to imipenem, and 12 (80%) were susceptible to meropen-
em. The VITEK 2 Advanced Expert System changed 2
imipenem MIC results from >16 pg/mL to <2 ug/mL but kept
the interpretation as resistant. The recognition of carbapen-
em-resistant K. pneumoniae continues to challenge auto-
mated susceptibility systems.

Carbapenem resistance among the Enterobacteriaceae
is emerging in the United States, particularly on the
East Coast (1-6). Resistance to the most widely used car-
bapenems, i.e., imipenem and meropenem, can be mediat-
ed by a variety of mechanisms, including B-lactamases,
porin changes, and changes in penicillin-binding proteins
(1,7,8). KPC enzymes are among the most common B-lac-
tamases mediating carbapenem resistance among isolates
of Enterobacteriaceae (1-6). KPC enzymes are class A

*Centers for Disease Control and Prevention, Atlanta, Georgia,
USA,; tBellevue Hospital, New York, New York, USA; and $Rollins
School of Public Heath, Emory University, Atlanta, Georgia, USA
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B-lactamases that mediate resistance to extended-spectrum
cephalosporins in addition to carbapenems; these B-lacta-
mases are usually plasmid encoded.

Clinical microbiology laboratories have often found it
difficult to achieve accurate susceptibility testing results
for carbapenem drugs. Early studies documented false
resistance to imipenem due to degradation of the drug (9);
later studies with the VITEK system (bioMérieux,
Durham, NC, USA) demonstrated false resistance, specif-
ically with Proteus mirabilis (10). Several recent profi-
ciency testing studies have shown problems of both false
resistance and false susceptibility with imipenem and
meropenem among a variety of enteric species (11,12).
Even quality control measures fail to detect all false resist-
ance problems (13).

Yigit and colleagues described the KPC-1 B-lactamase
in 2001 (1). The B-lactamase was identified in an imipen-
em-resistant isolate of Klebsiella pneumoniae from the
United States. Subsequently, 3 additional KPC-type B-lac-
tamases have been described from Salmonella, K. oxytoca,
Enterobacter cloacae, and other K. pneumoniae; these dif-
fer in amino acid sequence from each other, typically by 1
or 2 amino acids (2-6). Bratu and colleagues reported false-
susceptible results for K. pneumoniae isolates with the
MicroScan WalkAway system (Dade MicroScan, Inc., West
Sacramento, CA, USA), which were attributed in part to
low inoculum size (14). Similar problems with false-sus-
ceptible results were noted with the VITEK system (15).
The goal of this study was to conduct a rapid assessment of
currently available antimicrobial susceptibility testing
methods to determine whether these methods were capable
of consistently detecting KPC-mediated carbapenem resist-
ance in fresh clinical isolates of K. pneumoniae.
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Materials and Methods

Bacterial Isolates

To achieve a diversity of B-lactam resistance pheno-
types, we selected 15 isolates of K. pneumoniae from 4
hospitals in New York City, all serviced by a central micro-
biology laboratory, on the basis of varying susceptibility
patterns to imipenem, meropenem, and extended-spectrum
cephalosporins. The isolates were from a variety of body
sites (blood, sputum, and urine) and obtained in a 1-month
period in 2005. The carbapenem-resistant quality control
isolates K. pneumoniae 1534 (containing the KPC-1 car-
bapenemase) and Serratia marcescens 525 (which con-
tains an SME-like B-lactamase) were from the Project
ICARE (Intensive Care Antimicrobial Resistance
Epidemiology) strain collection (1,11). The imipenem
MICs for the isolates and the study identification of their
hospital of origin are shown in Table 1.

Reference Susceptibility Testing Methods

The antimicrobial susceptibility profiles of the isolates
were determined by the broth microdilution method with
cation-adjusted Mueller-Hinton broth (BD Diagnostic
Systems [BDDS], Sparks, MD, USA), as described in the
National Committee for Clinical Laboratory Standards
(NCCLS, Wayne, PA, USA) (now known as the Clinical
and Laboratory Standards Institute [CLSI]) publication
M7-A6 (16). Disk diffusion was performed as described in
NCCLS document M2-A8 (17). Interpretations of MIC
and disk diffusion results were made by using CLSI docu-
ment M100-S15 (18).

Commercial Susceptibility Testing
and Molecular Methods

The Etest method (AB Biodisk, Solna, Sweden) was
performed as described by the manufacturer with Mueller-
Hinton agar (BDDS); tests were interpreted at 18-20 h.
The MicroScan WalkAway (Dade MicroScan, Inc.), BD
Phoenix (BDDS), Sensititre AutoReader (Westlake, OH,
USA), VITEK Legacy (bioMérieux), and VITEK 2
(bioMérieux) systems were tested according to manufac-
turers’ protocols. The panels and cards used are listed in
Table 2. All systems were tested with inocula from the
same subculture. All strains for which the commercial
MIC results were discrepant with MIC results from the
broth microdilution reference method were retested by
using all methods.

The carbapenem inactivation assay was performed on
Mueller-Hinton agar with imipenem and meropenem disks
as described by Yigit et al. (1). Isoelectric focusing was
performed on crude lysates of isolates as previously
described (1,2).

For detection of bla,p. genes, a 489-bp internal gene
fragment was amplified by using forward (5-CTTGCT-
GCCGCTGTGCTG-3') and reverse (5-GCAGGTTCCG-
GTTTTGTCTC-3) oligonucleotide primers where the 5
base of each primer corresponds to position 223 or 711,
respectively, with regard to the translational start site
(blakpc., NUMbering, GenBank accession no. AF297554).
PCR reagents included a final concentration of 0.5 umol/L
of each primer and 2 mmol/L MgCl,. An annealing tem-
perature of 60°C was used for amplification.

Table 1. Carbapenem susceptibility and strain typing results for isolates tested in the study*

Imipenem broth microdilution
MICT (ng/mL) and CLSI

Meropenem broth

microdilution MIC (ng/mL) Hospital

Organism interpretation and CLSI interpretation PFGE profile identification no.
1 Klebsiella pneumoniae 81 16 R A 1
2 K. pneumoniae 16 R >16 R A 1
3 K. pneumoniae 16 R 16 R A 2
4 K. pneumoniae 81 81 A 2
5 K. pneumoniae 16 R >16 R A 2
6 K. pneumoniae 16 R 16 R A 2
7 K. pneumoniae 16 R 16 R A 3
8 K. pneumoniae 32R 16 R A 4
9 K. pneumoniae 16 R >16 R B 1
10 K. pneumoniae 16 R >16 R B 1
11 K. pneumoniae 16 R 16 R c 4
12 K. pneumoniae 16 R 16 R D 1
13 K. pneumoniae 16 R 16 R E 4
14 K. pneumoniae 16 R >16 R F 1
15 K. pneumoniae 16 R >16 R F1 4
K. pneumoniae 1534 (control) 16 R >16 R NA NA
Serratia marcescens 525 (control) >16 R >16 R NA NA

*CLSI, Clinical and Laboratory Standards Institute; PFGE, pulsed-field gel electrophoresis; NA, not applicable.
tinterpretations of MIC results used CLSI criteria (78); |, intermediate; R, resistant.
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Table 2. Summary of antimicrobial susceptibility testing results for 15 test isolates®

Imipenem results (n = 15)

Meropenem results (n = 15)

Method (software) Card/panel Resistant Intermediate Susceptible Resistant Intermediate Susceptible
Broth microdilution In-house 13 2 0 14 1 0
frozen panel
Disk diffusion BDDS disks 3 11 1 10 5 0
MicroScan (LabPro1.51, Neg combo 7 1 13 1 1
Alert 1.50) 32
Phoenix NMIC/ ID- 5 8 2 12 1 2
(4.05W/3.81A) 104
Sensititre AutoReader GN2F 0 2 13 0 3 12
(3.0.8 SP2)
VITEK (R10.01) Superflex 5 0 10 2 3 10
GNS 122
and 127
VITEK 2* (R04.01) GNO7 4 6 5 4 4 5

*No meropenem interpretations were given by the Advanced Expert System for 2 organisms.

For DNA sequence determination, a 989-bp PCR prod-
uct that included the entire blayp. structural gene was
amplified by using oligonucleotide primers as previously
described (4). Products were purified on QIAquick spin
columns (Qiagen, Chatsworth, CA, USA). The nucleotide
sequences of both strands of the bla,. gene from isolates
4 and 11 were determined from independent amplification
products by using previously described primers (1). Cycle
sequencing reactions were performed in a GeneAmp PCR
system 9700 thermal cycler with the ABI BigDye
Terminator v3.1 cycle sequencing kit (Perkin-Elmer,
Applied Biosystems Division, Foster City, CA, USA).
Products from sequencing reactions were purified on
Cetri-Sep spin columns (Princeton Separations, Adelphia,
NJ, USA) before analysis on an ABI 3130xl Genetic
Analyzer. DNA sequencing data were analyzed by using
DNASIS for Windows (Hitachi Software Genetic Systems,
San Francisco, CA, USA).

Results

Carbapenem Testing with VITEK Legacy

Initial imipenem and meropenem susceptibility test
results for 15 isolates of K. pneumoniae tested with the
VITEK Legacy system with GNS 122 and 127 panels (flex
system) in 1 hospital laboratory in New York City in a 1-
month period in 2005 yielded a range of imipenem and
meropenem MICs from susceptible (MIC <4 pg/mL) to
resistant (MIC >16 pg/mL) (data not shown). One isolate
was imipenem resistant (MIC >16 ug/mL) but meropenem
susceptible (<4 ug/mL) on day 1, but on retesting the fol-
lowing day was meropenem resistant (16 ug/mL) and
imipenem susceptible (<4 ug/mL). Imipenem Etest results,
which were set up to arbitrate the conflicting results, were
difficult to interpret because of variable numbers of
colonies within the ellipses of inhibition (Figure). A car-
bapenem inactivation assay performed on 1 isolate indicat-
ed that it contained a carbapenem-inactivating enzyme
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(data not shown). The 15 isolates, which were collected
from 4 different hospitals in New York City, were sent to
the Centers for Disease Control and Prevention (Atlanta,
GA, USA) for additional testing.

Characterization of blagpc-containing K. pneumoniae
Strains

By using the broth microdilution reference method, all
the isolates were either intermediate or resistant to both
imipenem and meropenem (Table 2). Two known imipen-
em-resistant isolates, K. pneumoniae 1534 and S.
marcescens 525, were included as controls. Eight of 15
isolates from the 4 hospitals had the same pulsed-field gel
electrophoresis (PFGE) type (data not shown), although
their antibiograms varied for several antimicrobial agents
(data not shown). Two isolates had a similar pattern but
because of a 3-band difference were designated as type B.
The remaining isolates showed patterns unrelated to types
A or B (Table 1). All 15 isolates demonstrated 5 B-lacta-
mase bands by isoelectric focusing (pls =5.4, 6.8, 7.0, 8.1,
and 8.2), 1 of which was consistent with a KPC B-lacta-
mase (pl = 6.8) (1,2). A 489-bp gene fragment was ampli-
fied from all 15 carbapenem-resistant K. pneumoniae
isolates by using bla,pc-specific oligonucleotide primers.
DNA sequence analysis of purified PCR products that
included the entire coding region of the blayp. genes of
isolates 4 and 11 (which had unique PFGE profiles) iden-
tified the B-lactamase genes as blagc, and blagpc.s,
respectively.

The 15 isolates were tested for imipenem and meropen-
em resistance by disk diffusion, Etest, MicroScan
WalkAway, BD Phoenix, Sensititre AutoReader, VITEK,
and VITEK 2 panels and cards. The results of testing are
summarized in Table 2. MicroScan WalkAway reported 1
isolate as susceptible to both imipenem and meropenem,
whereas the Phoenix system called 2 isolates susceptible to
both imipenem and meropenem. VITEK called 7 isolates
(representing 3 different PFGE profiles) susceptible to both
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Figure. Klebsiella pneumoniae isolate tested with imipenem Etest
strip (AB Biodisk, Solna, Sweden) on Mueller-Hinton agar. Inner
colonies made determination of the imipenem MIC difficult.

imipenem and meropenem, 3 isolates resistant to imipenem
but susceptible to meropenem, 1 isolate susceptible to
imipenem but resistant to meropenem, and 2 isolates sus-
ceptible to imipenem but intermediate to meropenem. Of
the final 2 isolates, 1 was resistant to imipenem and inter-
mediate to meropenem, and the other was resistant to both
antimicrobial agents. Thus, 10 (67%) of 15 isolates were
interpreted on initial testing as susceptible to imipenem,
and 10 were susceptible to meropenem. When the VITEK
2 system was used, 5 (33%) of 15 isolates were reported as
susceptible to imipenem. The VITEK 2 Advanced Expert
System (AES) used the imipenem results to predict
meropenem results; thus, these same 5 isolates were called
meropenem susceptible. In addition, as a result of the
AES’s recognizing unusual susceptibility results in the
antibiograms of 2 K. pneumoniae isolates, AES did not
report an interpretation for meropenem for 2 isolates.
Finally, the VITEK 2 reported 2 isolates as imipenem
resistant and 1 isolate as imipenem intermediate, although
the MICs reported by AES were listed as <2 ug/mL. Aside
from these, all AES categorical interpretations were in
agreement with the original VITEK 2 MIC results.
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When Sensititre panels were used, 10 (67%) of 15 iso-
lates were reported as susceptible to both imipenem and
meropenem, 2 isolates were reported as imipenem interme-
diate and meropenem susceptible, and 3 isolates were
reported as imipenem susceptible and meropenem interme-
diate. Thus, on initial testing, 13 (87%) of 15 isolates were
reported as imipenem susceptible, and 12 (80%) of 15 were
meropenem susceptible. Repeat testing of strain 4 yielded
imipenem- and meropenem-resistant results for MicroScan,
BD Phoenix, VITEK Legacy, and VITEK 2. However, the
Sensititre AutoReader results showed the isolate as suscep-
tible to imipenem and meropenem. Retesting of strain 14
on the BD Phoenix showed the isolate as resistant to
imipenem and meropenem. However, with VITEK Legacy,
the isolate remained susceptible to imipenem, but the
response to meropenem switched from 8 ug/mL (interme-
diate) to <4 pg/mL (susceptible), which confirmed the
observations of flip-flopping (i.e., reversing) results from
the New York City laboratory. The Sensititre AutoReader
results for strain 14 remained susceptible on repeat testing;
MicroScan results remained resistant.

Discussion

Detecting KPC-mediated carbapenem resistance in K.
pneumoniae isolates remains a challenge for many auto-
mated susceptibility testing systems. Although we used a
total of only 17 isolates in this study (including 1 S.
marcescens and 1 K. pneumoniae control), the isolates and
controls represented 4 different carbapenemases (KPC-1,
KPC-2, KPC-3, and an SME-like B-lactamase), 7 PFGE
types, and variable imipenem and meropenem resistance
profiles. Indeed, an important observation of this study is
that the carbapenem-resistance profiles of the isolates var-
ied from day to day, sometimes reversing from imipenem
resistant/ meropenem susceptible to imipenem suscepti-
ble/meropenem resistant. Although in our study the
MicroScan and BD Phoenix systems produced results that
were more consistent with those with the reference testing
systems than those with the VITEK and Sensititre
AutoReader systems, problems detecting carbapenem
resistance were still evident with the former systems. Bratu
et al. suggested that part of the variability in detecting
imipenem resistance with automated systems was a result
of underinoculating the panels (14,15). Repeat testing of
isolate 4 in our study with careful attention to inoculum
appeared to improve results, which suggests that appropri-
ate inoculum size is, indeed, a critical factor for achieving
accurate results. The problem of the VITEK 2 AES report-
ing imipenem-resistant results as <2 ug/mL has apparently
been corrected in software version R04.02.

Although we included the Etest method in our study,
determining resistance and susceptibility for both imipen-
em and meropenem with Etest was difficult because
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colonies were present within the zones of inhibition. Since
we could not achieve consensus on the interpretations
among several readers who viewed the results, we did not
include the Etest data in our analysis. Ertapenem Etest
strips and disks were not tested in this study. This lack of
consensus on reading Etest method, which is often used as
a secondary testing method to confirm questionable results
generated by automated methods, raises the question of
which, if any, of the methods are reliable enough to be used
for confirmation testing of carbapenem nonsusceptibility,
particularly in K. pneumoniae isolates. Our data suggest
that disk diffusion, especially with meropenem disks, may
be used to confirm a carbapenem nonsusceptible result in
K. pneumoniae isolates, which would warrant further test-
ing. Whether this recommendation will hold true for other
species of Enterobacteriaceae will require further study.
Our data also suggest that if the interpretations of MIC or
disk diffusion results for imipenem and meropenem for K.
pneumoniae are discrepant, isolates should be retested with
particular attention to using an adequate inoculum size. If
treatment failure with carbapenems is observed for isolates
of K. pneumoniae that were previously reported as suscep-
tible to carbapenems, repeat testing with a nonautomated
method, such as disk diffusion, may be warranted.
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VEB-1 Extended-Spectrum
B-Lactamase—-producing
Acinetobacter baumannii, France*

Thierry Naas,*2 Bruno Coignard,t2 Anne Carbonnet, Karine Blanckaert, Odile Bajolet,§
Claude Bernet,{ Xavier Verdeil # Pascal Astagneau,t Jean-Claude Desenclos,t
and Patrice Nordmann,* on behalf of the French Nosocomial Infection Early Warning,
Investigation and Surveillance Network

VEB-1 extended-spectrum [-lactamase—producing
Acinetobacter baumannii was responsible for an outbreak
in hospitals in France. A national alert was triggered in
September 2003 when 4 hospitals reported clusters of A.
baumannii infection with similar susceptibility profiles. Case
definitions and laboratory guidelines were disseminated,
and prospective surveillance was implemented; strains
were sent to a single laboratory for characterization and
typing. From April 2003 through June 2004, 53 hospitals
reported 290 cases of A. baumannii infection or coloniza-
tion; 275 isolates were bla, g -positive and clonally relat-
ed. Cases were first reported in 5 districts of northern
France, then in 10 other districts in 4 regions. Within a
region, interhospital spread was associated with patient
transfer. In northern France, investigation and control
measures led to a reduction of reported cases after
January 2004. The national alert enabled early control of
new clusters, demonstrating the usefulness of early warn-
ing about antimicrobial drug resistance.

uring the past decade, nosocomial outbreaks of
Acinetobacter baumannii have been described with
increasing frequency, occurring mostly in intensive care
units, burn units, and surgical wards (1,2). Epidemic
strains of A. baumannii are often resistant to several
antimicrobial drugs, which reduces treatment effective-

*Hopital de Bicétre, Le Kremlin-Bicétre, France; tInstitut de Veille
Sanitaire, Saint-Maurice, France; fCentre de Coordination de
Lutte Contre les Infections Nosocomiales Paris Nord, Paris,
France; 8Réseau Bactéries Multi-Résistantes Champagne-
Ardennes, Centre Hospitalier et Universitaire, Reims, France;
fiCentre de Coordination de Lutte Contre les Infections
Nosocomiales Sud-Est, Lyon, France; #Centre de Coordination de
Lutte Contre les Infections Nosocomiales Sud-Ouest et Centre
Hospitalier et Universitaire, Toulouse, France

1214

ness. Nosocomial transmission is from patient to patient
and associated with environmental reservoirs (2). Several
risk factors for A. baumannii infections have been identi-
fied and include severity of underlying disease, duration of
hospitalization, invasive procedures, and prior broad-spec-
trum antimicrobial drug therapy (2-4). A. baumannii can
be detected in patients without infection (i.e., colonization)
or as the source in patients with severe infections; the case-
fatality ratio varies from 17% to 46% for septicemia and
can be as high as 70% for pneumonia (1).

A. baumannii is not the most common antimicrobial
drug-resistant pathogen in hospitalized patients; it
accounted for 1.2% of all nosocomial infections in 2001 in
France (5). However, increasing therapeutic difficulty
caused by resistance is a serious concern (6-9). A variety
of molecular mechanisms for resistance to broad-spectrum
B-lactams have been reported in A. baumannii, such as
mutations of penicillin-binding proteins and alterations of
membrane permeability, but the most common mechanism
is attributed to the presence of B-lactamases encoded by
either chromosomes or plasmids (2,10,11). Several class A,
B, and D B-lactamases (2,8) as well as chromosome-medi-
ated cephalosporinases (12) confer various resistance phe-
notypes. Moreover, extended-spectrum [-lactamase
(ESBL)—producing A. baumannii strains have also been
described: PER-1 in Turkey, Korea, and France (13-15);
VEB-1 in France (4,16); and CTX-M-2 recently in Japan
).

1This study was presented in part at the 2004 Annual Conference
on Antimicrobial Resistance: June 28-30, 2004, Bethesda,
Maryland, USA.

2These authors contributed equally to this work.
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The bla,gs, ESBL gene is located in a class 1 integron
initially detected in Enterobacteriaceae and Pseudomonas
aeruginosa from Southeast Asia (18-20). Subsequently, it
has been described in clonally related A. baumannii iso-
lates recovered during an outbreak that lasted 9 months
(August 2001-April 2002) in the intensive care unit of a
hospital in northern France (4,16). In these strains, the
location of the bla, g5, gene on the chromosomes and inte-
grons was identified (4,16). One year after this outbreak
was controlled, nosocomial infections with this A. bau-
mannii strain reemerged in the same area and subsequent-
ly spread to hospitals located in other districts in France.
We describe the nationwide spread of this strain from April
2003 through June 2004.

In early September 2003, an alert was triggered through
the national nosocomial infection notification system
when, within a month, 4 hospitals in a single district
(Nord) reported 5 clusters of A. baumannii infections with
a similar susceptibility profile; all A. baumannii strains
were confirmed positive for VEB-1. In October 2003, the
National Institute of Public Health (Institut de \eille
Sanitaire [InVS]) alerted all hospitals in France of the
emergence of this VEB-1-producing A. baumannii strain,
disseminated case definitions and laboratory guidelines,
and implemented a prospective, laboratory-based national
surveillance system.

Materials and Methods

Case Definitions

A probable case was defined as follows: isolation of an
A. baumannii strain showing a multidrug-resistance profile
similar to that of the 2001 outbreak strain, susceptible to
only imipenem and colistin (strain AYE [16]), from a
patient hospitalized in France between April 1, 2003, and
June 30, 2004; only 1 isolate per patient was retained for
the study period. A confirmed case was defined as a case
for which VEB-1 ESBL production had been confirmed by
the central laboratory, which used phenotypic (detection of
the synergy image) and genotypic (PCR amplification of
the blaygg.; gene) methods. Infection or colonization was
ascertained by clinicians according to national case defini-
tions for nosocomial infections adapted from the Centers
for Disease Control and Prevention (21).

Epidemiologic Investigation

Case definitions were dispatched to hospital laborato-
ries and infection control units. Cases had to be reported to
regional infection control coordinating centers (CCLIN)
(22) and local health departments through the national
nosocomial infection notification system. In this system,
implemented in August 2001, baseline reporting require-
ments use specific criteria; 1 of them is about rare microor-

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006

VEB-1—producing Acinetobacter baumannii, France

ganisms, depending on virulence and antimicrobial drug
susceptibility (23). No list of microorganisms or resistance
phenotypes exists; reports are based on the epidemiologic
knowledge of the infection control units. Hospitals report
>1 nosocomial infections on a simple form, which summa-
rizes cases and investigations and allows hospitals to
request assistance when needed. For the purpose of this
investigation, this system was reinforced as hospitals were
asked to report not only A. baumannii infections but also
instances of colonization and to send bacterial strains to a
central laboratory. All reported cases were investigated by
infection control units, local health departments, and
CCLIN, the latter offering on-site assistance to hospitals
when needed. Data on all cases were centralized and ana-
lyzed by InVS, which coordinated the investigation
through the Nosocomial Infection Early Warning,
Investigation and Surveillance Network (Réseau d’Alerte,
d’Investigation et de Surveillance des Infections
Nosocomiale [RAISIN]), a partnership between InVS and
CCLIN.

Microbiologic Investigation

All isolates of A. baumannii were recovered from rou-
tine clinical specimens (from blood and catheters, urine,
respiratory tract, skin, and wounds) and from colonization
samples (from axillary, pharyngeal, or rectal swabs), iden-
tified by standard techniques at local laboratories, then
sent for confirmatory testing to a central laboratory
(University Hospital of Bicétre, K.-Bicétre, France).

Identification was confirmed by using the APl 32GN
system (bioMérieux, Marcy-1’Etoile, France). A. bauman-
nii strains were also tested for the ability to grow at 44°C
in Trypticase soy broth (Oxoid, Unipath Ltd, Basingstoke,
UK).

Routine antibiograms were determined by the disk dif-
fusion method on Mueller-Hinton agar (BioRad, Marnes-
La-Coquette, France) and interpreted as recommended by
the Clinical and Laboratory Standards Institute (formerly
NCCLS) (24). The presence of ESBL was shown by a syn-
ergy image created by using the double-disk synergy test
with cefepime, ceftazidime, and ticarcillin-clavulanic acid
disks on Mueller-Hinton agar plates (16,18). Synergy
images were best seen when plates were incubated at
25°C. Alternatively, double-disk synergy tests were also
performed on plates containing cloxacillin (200 pg/mL)
(16). Analytic isoelectric focusing was performed with an
ampholine polyacrylamide gel (18).

Molecular Investigation

Genomic DNA and plasmid extractions and electropora-
tion of plasmid extracts into Escherichia coli DH10B were
performed (16). Half of A. baumannii isolates from the 4
largest hospitals of 2 districts were randomly selected
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during the outbreak; all isolates from smaller hospitals or
from other districts were analyzed by pulsed-field gel elec-
trophoresis (PFGE), using Apal (Amersham Biosciences,
Les Ulis, France) (4). Apal-macrorestriction patterns were
digitized and analyzed with Taxotron software (Institut
Pasteur, Paris, France) and interpreted according to
Tenover et al. (25).

PCR-based amplification of class 1 integron structures
and of bla,gz, gene and subsequent sequencing of the
blaygg., gene were performed as described (19).
Automated sequencing reactions were performed with the
same bla, g ,-specific primers (ABI Prism 3100; Applied
Biosystems, Les Ullis, France).

Results

Epidemiologic Investigation

From April 1, 2004, to June 30, 2004, 53 hospitals (41
tertiary care and 12 long-term care facilities) located in 15
districts reported 290 probable cases, of which 275 (95%)
were confirmed. Of the 290 probable cases, 255 (88%)
were reported through 116 mandatory notifications, and 35
(12%) were identified through strains directly sent for
characterization without notification. The 2 first notifica-
tions occurred at the end of July (2 clusters totaling 15
cases) and were followed by 3 other notifications in early
September (3 clusters totaling 8 cases). The monthly num-
ber of reported cases peaked in October 2003 and again in
January 2004 (after intense media coverage of the out-
break); it gradually declined after this date, until the alert
was canceled in June 2004 (Figure 1).

Cases were first reported in the Nord district and in 4
other contiguous districts, then later in 10 districts in 4
noncontiguous regions. Most reporting hospitals and cases
were in 2 adjacent districts (59 and 62 on Figure 2A). The
date of case diagnosis indicated that the strain had been
circulating since April 2003 in 5 districts of northern
France before the outbreak was recognized (Table 1).

Spread of this multidrug-resistant strain was mediated
by large referring hospitals. Among 116 notifications, 20%
came from regional teaching hospitals, 45% from public
general hospitals, 15% from smaller private hospitals, and
20% from long-term care facilities; most affected wards
were intensive care units (54 notifications, 47%), medical
wards (55 notifications, 47%), reeducation and long-term
care wards (24 notifications, 21%), and surgical wards (13
notifications, 11%). In 3 regions (northern France,
Toulouse-Montpellier, Lyon), investigations suggested that
frequent patient transfers between hospitals within the
same healthcare network could explain the diffusion of the
strain (4,26). In northern France (Nord and Pas de Calais
districts), among 33 hospitals reporting >1 cases, 22 (67%)
had an index case directly admitted from a previously
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Figure 1. Number of VEB-1-producing Acinetobacter baumannii
cases, by month of report, France, July 2003—May 2004 (N = 255).

affected facility (Figure 2B); however, no such link could
be established from 1 region to another.

Of the 217 (71%) cases with clinical documentation, 73
(33%) were infections and 144 (67%) were colonizations.
The sources of the clinical isolates were as follows: respi-
ratory tract (33%), skin and wounds (33%), urine (21%),
catheters and blood (8%), and others (5%). By the time of
notification, 34 (12%) patients had died; however, investi-
gations in northern France suggested that only 17% of the
reported deaths were related to the A. baumannii infection.

At several participating hospitals, environmental sur-
faces were swabbed for culture and found to be positive for
VEB-1-producing A. baumannii; the organism was partic-
ularly prevalent on bed rails and respiratory equipment
(data not shown) and, at 1 hospital, was also found on
blood pressure cuffs (27).

Microbiologic Investigation

The antibiogram of VEB-1 ESBL-producing A. bau-
mannii strains was similar for 275 (95%) of the 290 prob-
able cases; the level of resistance to aminoglycosides
varied slightly. A synergy image, signature of the presence
of an ESBL, could not be observed between clavulanic
acid and cefepime or ceftazidime disks on a routine antibi-
ogram (Figure 3A) unless cloxacillin-containing plates
that inhibit cephalosporinase activity were used (Figure
3B). Alternatively, incubation of the antibiogram at room
temperature enhanced the identification of the synergy
image (Figure 3C, D). One strain isolated in the Alpes-
Maritimes district, next to Nice, was also resistant to col-
istin. All strains remained susceptible to imipenem.

Of the 288 A. baumannii isolates, 275 (95%) contained
the bla, g, gene, according to PCR analysis, which shows
a perfect correlation between the antibiogram and the PCR
results. All but 2 notifying hospitals isolated the outbreak
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Figure 2. A) Hospitals reporting VEB-1—producing Acinetobacter
baumannii, by district, France, April 2003—-May 2004 (N = 53).
Each district is identified with a number (same numbers used in
Table 1). B) Interhospital spread in northern France. Circles repre-
sent affected hospitals; the sizes are proportional to the number of
reported cases.

strain in their wards; for 1 hospital in Isere and 1 in Tarn,
the isolate was not available for confirmatory testing.
Genotyping by PFGE showed that all VEB-1 A. bauman-
nii isolates were clonally related to each other and to the
strain responsible for the 2001 outbreak (strain AYE [16]).
Although most strains belonged to several subtypes of a
given type, differing by only 1 or 2 bands, several strains
were more distantly related and belonged to a different
type. However, these isolates could be related to the main
epidemic strains as illustrated on the dendrogram (Figure
4). The epidemic strain isolated in the southern part of the
country differed from those in the northern part by at least
3 bands, and thus forms a separate cluster.

The sequence of bla,cg_; gene and its genetic environ-
ment were identical to those previously published for A.
baumannii strain AYE (16,18). Finally, the chromosomal
position of the integron was verified for 20 isolates ran-
domly chosen in the different regions.
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Control Measures

Recommendations for surveillance and control were
disseminated to all hospitals (through specific postings on
the InVS Web site and email from CCLIN to infection con-
trol units and laboratories) and then implemented by infec-
tion control units. Based on international guidelines (28,
Table 2), the recommendations included the usual standard
and contact precautions for limiting the spread of this
pathogen within a hospital but added systematic screening
in wards at high risk (e.g., intensive care units) and appro-
priate antimicrobial drug use. In addition, specific recom-
mendations were dispatched to limit the spread of the
strain from 1 hospital to another; hospitals were asked to
report cases to local health departments and CCLIN, to
limit patient admissions, and to inform other hospitals
about infected or colonized patients before transferring
them (2 hospitals even closed their wards to new patients).

Discussion

This is the first report of a clonal ESBL-producing A.
baumannii outbreak that was nationwide. It was traced in
53 hospitals, initially in northern France and later in 4 dis-
tant regions. Recognition of the outbreak and effective
tracing of new cases was facilitated by several factors.
First, in August 2001, a national nosocomial infection noti-
fication system based on specific reporting criteria, includ-
ing unusual antimicrobial drug resistance profiles, was
implemented in France (23). The system relies on hospital
infection control units and is coordinated at the regional
level by CCLIN created in 1992 (22) and at the national
level by InVS, which enables events of national impor-
tance to be detected. Second, the French healthcare system
is organized around large public, university, or regional
tertiary care hospitals that serve an entire region. These
hospitals include medical microbiology laboratories that
are well connected to other laboratories in smaller public
hospitals, therefore enabling prompt dissemination of lab-
oratory guidelines. Third, the outbreak strain had a unique
susceptibility profile that enabled effective screening of A.
baumannii strains in hospital laboratories and referral to a
central laboratory for confirmatory testing. This laboratory
provided immediate feedback (<48 hours after strains were
received) to hospitals, which facilitated prompt adaptation
of local control measures, and to CCLIN and InVS, which
enabled regular tracing of the strain dissemination and
adaptation of recommendations.

Two factors make emergence of panresistant isolates
through mutations in porins (11) or acquisition of plasmid-
encoded carbapenemases (8), such as the blagy,ss gene
(28), a concern. First, there may be no option but to treat
patients infected with A. baumannii, particularly in the
intensive care setting, because A. baumannii infection is
associated with a higher case-fatality ratio in critically ill
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Table 1. VEB-1-producing Acinetobacter baumannii case characteristics and period of transmission, by district, France, April 2003—

May 2004 (N = 290)

Reporting Reported cases (n)t Reported Date of case diagnosis

District* hospitals (n) Total [ C U deaths (N) First Last
Nord (59) 19 124 19 60 45 24 22 Apr2003 13 May 2004
Pas de Calais (62) 14 111 32 55 24 7 9 Mar 2003 14 May 2004
Aisne (02) 2 2 0 0 2 0 5 Nov 2003 5 Nov 2003
Ardennes (08) 2 14 6 8 0 0 15 May 2003 2 Feb 2004
Champagne (51) 1 11 2 9 0 1 13 Aug 2003 15 Mar 2004
Paris (75) 1 1 1 0 0 0 31 Jan 2004 31 Jan 2004
Val de Marne (94) 1 1 1 0 0 0 3 May 2004 3 May 2004
Yvelines (78) 1 1 0 1 0 0 8 Mar 2004 8 Mar 2004
Rhéne (69) 4 8 4 4 0 0 13 Aug 2003 7 Feb 2004
Isére (38) 1 1 0 1 0 0 2 Dec 2003 2 Dec 2003
Haute Garonne (31) 1 5 1 2 2 1 16 Sep 2003 15 Apr 2004
Tarn (81) 2 2 1 1 0 0 28 Oct 2003 5 Jan 2004
Hérault (34) 2 7 5 2 0 1 21 Oct 2003 9 Apr 2004
Gard (30) 1 1 1 0 0 0 10 Apr 2003 10 Apr 2004
Alpes Maritimes (06) 1 1 0 1 0 0 3 Jan 2004 3 Jan 2004
Total 53 290 73 144 73 34 22 Apr2003 14 May 2004

*Districts are listed from north to south and west to east; numbers are those used in Figure 2 to identify districts.

11, infected; C, colonized; U, unknown.

patients (3,4,29,30). Second, carbapenems were the last
molecules active against A. baumannii VEB-1 isolates.
Antimicrobial drug susceptibility of A. baumannii VEB-1
isolates remained relatively stable; all tested strains were
fully susceptible to carbapenems and all but 1 was suscep-
tible to colistin. The slight variations in their aminoglyco-
side susceptibilities reflected presumably different
antimicrobial drug selection pressures in some of the hos-
pitals.

Early warning and investigations of reported cases
alerted all hospitals of the need for rapid identification and
reporting of cases. Furthermore, early warning enabled
timely assistance for implementing effective control meas-
ures. These investigations showed that the epidemic clone
was already endemic in some hospitals, which suggests
that once the strain is introduced into a hospital, eradicat-

ing it may be difficult. Early recognition of its presence
and prompt implementation of strict infection control
measures are therefore necessary to prevent its further
spread and establishment of endemicity. Moreover, when
several hospitals in the same network are affected by the
same clone, coordinated measures must be implemented to
effectively reduce its spread, as demonstrated for other
multidrug-resistant bacteria such as vancomycin-resistant
enterococci (31).

In this national investigation, spread within hospitals
was not explored because it has been well described in the
literature (3,4,26,27). While we reinforced the implemen-
tation of standard and contact precautions in affected hos-
pitals, we recommended that other hospitals be informed
(by flagged records) when infected or colonized patients
are transferred to them. In some hospitals, fast-spreading

Figure 3. Extended-spectrum B-lactamase (ESBL) laboratory identification. Usefulness of double-disk synergy test with bla,g ,-positive

Acinetobacter baumannii strain on Mueller-Hinton agar plates with clavulanate as inhibitor. The disks tested contained ticarcillin + clavu-
lanate (TCC), amoxicillin + clavulanate (AMC), moxalactam (MOX), ceftazidime (CAZ), and cefepime (FEP). A) Standard disk diffusion
as recommended by Clinical and Laboratory Standards Institute at 37°C (98°F). B) Standard disk diffusion on cloxacillin-containing
Mueller-Hinton plates at 37°C (98°F). Cloxacillin inhibits partially the naturally occurring cephalosporinase (AmpC) from A. baumannii,
thus enabling easier detection of possible ESBL phenotypes. C) Standard disk diffusion at 25°C (77°F). D) Standard disk diffusion at 25°C
(77°F) when AMC and FEP disks were brought closer. The presence of ESBL was shown by a synergy image, as indicated with the
arrows. ESBL presence was best seen on cloxacillin-containing (B) plates or at reduced growth temperature (D).
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Figure 4. Digitized pulsed-field gel electrophoresis (PFGE) pat-
terns and phylogenetic tree of 183 VEB-1-producing
Acinetobacter baumannii isolates. Half of A. baumannii isolates
from the 4 largest hospitals of 2 districts (59 and 62) were random-
ly selected over the entire epidemic period; all isolates from small-
er hospitals or from other districts were included. The PFGE
pattern of the A. baumannii AYE reference strain previously
described is indicated in brackets (16). Apal macrorestriction pat-
terns were digitized and analyzed with Taxotron software (Institut
Pasteur, Paris, France) to calculate Dice coefficients of correlation
and to generate a dendrogram by the unweighted pair-group
method using arithmetic averages clustering. The scale indicates
the level of pattern similarity. PFGE results were interpreted
according to the criteria of Tenover et al (25). For a given PFGE
pattern, the districts, along with the number of times a given PFGE
pattern was found, are also indicated.

clusters associated with deaths led to the closure of inten-
sive care units; however, the effectiveness of such a meas-
ure needs further evaluation because transfer of these
patients enhances the dissemination of the strain (4). In
other hospitals, the prompt and strict application of barrier
precautions, without closure of the intensive care unit,
effectively controlled the outbreak.

Clones may emerge at different locations by independ-
ent selection of genetically related, circulating strains in
the community or environment as a result of antibiotic use
in hospitals (2,8,32,33). Otherwise, similar isolates may
appear at different locations simply through direct spread
from 1 hospital to another. Results of this investigation
suggest that regional spread of the organism was mediated
by patient transfers within regional healthcare networks.
However, the appearance of the organism in hospitals in
southern France, Lyon (central France), and Paris is diffi-
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cult to explain by simple spread. Although A. baumannii
isolates from southern and northern France were found in
Lyon, no epidemiologic link could be found, and one can-
not be sure that the cases in southern France were acquired
from contact with patients or hospitals in northern France.
Case reporting and recognition of the outbreak could have
been delayed, and the epidemic situation that we observed
might be the consequence of a spread that started earlier
than 2003, even earlier than the 2001 outbreak in
Valenciennes (4). Several facts support this hypothesis: 1)
bla, 5., gene was characterized in 1996 in an E. coli strain
isolated from a Vietnamese child hospitalized in France
(18) and then in 2001 in an A. baumannii strain (16); 2) the
2001 A. baumannii isolates were clonally related, but at
least 2 PFGE types had already been observed (4); 3) ret-
rospective surveys recently conducted in a few large uni-
versity hospitals in southern and northern France showed
that A. baumannii VEB-1 isolates were present as early as
January 2001 (data not shown). Finally, an alternative
explanation could be that the isolates from northern and
southern France were introduced separately into the coun-
try from an unknown common source.

The origin of this clone remains unknown because A.
baumannii VEB-1 isolates have never been reported in
other countries. All isolates were epidemiologically relat-
ed, and most of them were similar enough to be considered
as belonging to the same strain. However, the diversity of
the total set of isolates was slightly greater than what is
usually recovered in single-hospital outbreaks. Clonal dif-
fusion with several pulsotypes has already been observed
in the first A. baumannii VEB-1 outbreak described in
2001 (4). That isolates with indistinguishable PFGE pro-
files were found in many of the hospitals and that all iso-
lates had similar profiles suggest that they could be
considered relatively new, compared with older strains cir-
culating in Europe (32). Although the origin of bla,gg,
gene is presumably countries in Southeast Asia, it would
be interesting to investigate the occurrence of such strains
in these countries. Alternatively, a European A. baumannii
strain might have acquired foreign DNA containing
bla, g, through either conjugation or transformation (34).
Several multidrug-resistant A. baumannii strains have been
found to be widespread in Europe (32,33), and epidemic
carbapenem-resistant strains have been reported world-
wide (9,35-37).

This report used data only from mandatory notifica-
tions and isolates received by the central laboratory; the
full extent of this clone in France remains unknown. The
large media coverage of this outbreak in late December
2003 may have discouraged hospitals from reporting
cases; several isolates were actually sent to the central lab-
oratory without being reported. Moreover, because manda-
tory notification is not patient-based, contact tracing of
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Table 2. Recommendations for hospitals*t

Type Recommendation

Notification Report any case of infection or colonization with Acinetobacter baumannii strain showing resistance profile similar
to that of 2001 outbreak strain (76) to CCLIN and local health department; attach copy of antibiogram.

Laboratory Establish identification criteria based on antibiogram

guidelines Store strains and contact central laboratory for microbiologic investigation

Medical wards

Inform all medical teams and paramedics of presence of bacterial strain

Ensure appropriate use of antimicrobial drugs in high-risk wards

Infection control
team

Set up systematic screening of patients in high-risk wards
Reinforce isolation protocols and standard hygiene precautions throughout hospital

Reinforce surface cleaning procedures in wards where infected or colonized patients have been

Patient transfer Limit internal and external patient transfers

Inform receiving hospitals of status of patients colonized or infected with ESBL-producing A. baumannii

*CCLIN, regional infection control coordinating centers; ESBL, extended-spectrum p-lactamase.

TAt the national level, recommendations were disseminated by the National Institute of Public Health (Institut de Veille Sanitaire) and the French
Nosocomial Infection Early Warning, Investigation and Surveillance Network (Réseau d’Alerte, d'Investigation et de Surveillance des Infections
Nosocomiales) through its website (http://www.invs.sante fr/raisin, “alerte” section). At the regional level, they were disseminated to all hospital
laboratories and infection control units by CCLIN through email notifications and their respective websites. In each hospital, they were implemented in the

wards by infection control units assisted by CCLIN, when necessary.

each patient could not be systematically performed. Data
from notifications (date of first and last case, name of
transferring facility for imported cases) enabled us to
establish only when an index patient was admitted from a
previously affected facility.

Because European countries were informed about this
outbreak through the EU Early Warning and Response
System, Belgian public health authorities were able to
detect early and control a cluster of 3 cases in a nursing
home close to the border with France (38). This clone
should therefore be considered as an issue affecting hospi-
tals not only in France but also in bordering countries, and
this situation underlines the importance of supranational
information exchange for early warning of antimicrobial
drug resistance.

Conclusion

The emergence and spread of this strain of VEB-1-pro-
ducing A. baumannii isolates are worrisome and reflect the
magnitude of antimicrobial drug resistance in France.
Most of the reported cases occurred in northern France.
The weekly number of reported cases dropped substantial-
ly after January 2004, which suggests that infection control
recommendations were effective. After the alert was
stopped in June 2004, only 12 notifications were received
by InVS until December 2005; these notifications came
from 8 hospitals (5 of them already known) and indicated
a total of 17 VEB-1-producing A. baumannii infections.
The last notification was received in May 2005, suggesting
that the national outbreak was controlled. However, after
June 2004 the notification system returned to its baseline
setting; i.e., only multidrug-resistant A. baumannii infec-
tions were to be reported. Although we are confident that
the national alert drastically helped reduce the clinical
effect of the outbreak, we cannot rule out that the strain is
still spread by colonized patients.
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This study emphasizes the importance of an early
warning network comprising infection control units and
regional (CCLIN, health departments) and central (InVS
and expert laboratory) structures. The results underscore
the need for anticipating future, emerging antimicrobial
drug resistance threats by combining laboratory and
epidemiologic expertise. Early detection of emerging
resistance mechanisms usefully completes surveillance
data, which monitor the level of resistance but may miss
the emergence of new phenomena.
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Macrolide Resistance in Adults
with Bacteremic Pneumococcal
Pneumonia

Joshua P. Metlay,*t Neil O. Fishman,T Marshall M. Joffe,T Michael J. Kallan,T Jesse L. Chittams,t
and Paul H. Edelsteint

We conducted a case-control study of adults with bac-
teremic pneumococcal pneumonia to identify factors asso-
ciated with macrolide resistance. Study participants were
identified through population-based surveillance in a 5-
county region surrounding Philadelphia. Forty-three hospi-
tals contributed 444 patients, who were interviewed by
telephone regarding potential risk factors. In multivariable
analyses, prior exposure to a macrolide antimicrobial agent
(odds ratio [OR] 2.8), prior flu vaccination (OR 2.0), and
Hispanic ethnicity (OR 4.1) were independently associated
with an increased probability of macrolide resistance, and a
history of stroke was independently associated with a
decreased probability of macrolide resistance (OR 0.2).
Fifty-five percent of patients with macrolide-resistant infec-
tions reported no antimicrobial drug exposure in the pre-
ceding 6 months. Among patients who reported taking
antimicrobial agents in the 6 months preceding infection,
failure to complete the course of prescribed drugs was
associated with an increased probability of macrolide
resistance (OR 3.4).

treptococcus pneumoniae is the leading cause of com-

munity-acquired pneumonia in adults. Bacteremic
pneumococcal pneumonia is among the most serious
forms of pneumococcal disease, and incidence rises
steeply with advancing age (1). Although considerable
controversy exists about the clinical impact of pneumococ-
cal drug resistance (2), the prevalence of single-drug and
multidrug-resistant pneumococci has increased in the last
2 decades (3,4). Drug-resistant pneumococci clearly
emerge under the selective forces of antibacterial drugs
used in the population. Still, the precise nature of these

*Philadelphia Veterans Affairs Medical Center, Philadelphia,
Pennsylvania, USA; and tUniversity of Pennsylvania School of
Medicine, Philadelphia, Pennsylvania, USA

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006

selection mechanisms and the risk associated with differ-
ent types of exposures are not well defined.

Pneumococcal resistance to macrolides is a problem
because macrolides are among the most common oral
drugs used to treat patients with community-acquired
pneumonia (5). A recent study found that patients with
macrolide-resistant pneumococcal bacteremia were sub-
stantially more likely to have been exposed to macrolide
therapy before hospitalization than were patients with
macrolide-susceptible pneumococcal bacteremia (6).
Since most initial therapy of community-acquired pneu-
monia is empiric, estimating the probability of macrolide-
resistant pneumococcal disease is necessary to select
appropriate therapy. Indeed, current treatment guidelines
recommend not prescribing macrolide therapy alone for
patients with community-acquired pneumonia if they
report exposure to macrolides within the 3 months preced-
ing the onset of illness (7).

We conducted a population-based case-control study to
identify clinical and demographic factors independently
associated with macrolide-resistant bacteremic pneumo-
coccal pneumonia in adults. We used a detailed multistage
interview method to elicit in-depth histories of exposure to
antimicrobial agents to examine whether disease probabil-
ity varied across different patterns of antibacterial drug
exposure.

Methods

Design

We conducted a case-control study within a network of
hospitals conducting prospective population-based sur-
veillance for bacteremic pneumococcal pneumonia in
adults in southeastern Pennsylvania from December 1,
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2000, to April 17, 2004 (Appendix). Patients were all hos-
pitalized adults with macrolide-resistant bacteremic pneu-
mococcal pneumonia, and controls were all hospitalized
adults with macrolide-susceptible bacteremic pneumococ-
cal pneumonia.

Study Site

This study was conducted within the 5-county region
surrounding Philadelphia, Pennsylvania: Bucks, Chester,
Delaware, Montgomery, and Philadelphia Counties. The
adult population (age >18 years) of this region is 2,881,132
(US Census 2000). At the start of the surveillance period,
46 acute-care hospitals served this region; 43 of them par-
ticipated in this study. Of the remaining 3 hospitals, 2 were
small hospitals closed to external studies, and 1 was a larg-
er academic hospital that was unable to participate.

Study Participants

Inclusion criteria for the study were persons who 1)
were >18 years of age, 2) had at least 1 blood culture that
grew S. pneumoniae drawn within 48 hours of hospital
admission, 3) resided in 1 of the 5 counties, and 4) had a
bacterial isolate confirmed in our laboratory as S. pneumo-
niae (see below). Study participants were further restricted
on the basis of physician report to those patients with radi-
ographic evidence of an acute respiratory infection.
Exclusion criteria for the case-control study included evi-
dence of bacterial meningitis (cerebrospinal fluid [CSF]
growth of S. pneumoniae or CSF findings compatible with
bacterial meningitis) or hospitalization within 10 days pre-
ceding the index hospitalization. Study participants who
died during hospitalization were included in this study;
information about them was collected by interviewing a
suitable proxy respondent.

Study participants were identified by microbiology lab-
oratory personnel at each participating hospital. Whenever
laboratory personnel identified a blood culture with
growth of S. pneumoniae, research staff contacted the
physician of record to determine the patient’s eligibility.
Eligible participants (or proxies in cases of mental incom-
petence or death) were then approached for study enroll-
ment at a time determined by the treating physician
(typically after hospital discharge). Participants were
mailed informational study materials and then contacted
by phone to provide consent for study participation and
complete a telephone interview.

Data Collection

Trained telephone interviewers completed a telephone
interview with each study participant that covered demo-
graphic and clinical areas. Questions focused on the demo-
graphic and clinical status of the patient immediately
before hospitalization for pneumococcal pneumonia. A
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multistep strategy was used to obtain the most complete
drug histories possible. A phased approach was employed
in which the interviewer first asked open-ended questions
about use of drugs, then asked indication-specific ques-
tions about medications used (e.g., for respiratory tract
infections, urinary tract infection) and, finally, named
antimicrobial drugs by brand and generic names while the
participant referred to photo hand cards (mailed to the par-
ticipants in advance) that displayed the study drugs of
interest. In prior research, including a study of antimicro-
bial drug recall, each of these steps has dramatically
increased drug recall (8-11). Participants were asked to
distinguish antimicrobial agents that were being taken at
the time of hospitalization from those drugs that were
taken for illnesses preceding the onset of pneumococcal
pneumonia. We focused on patient self-report of prior
antimicrobial drug exposure to mimic the information that
would be available at the time of diagnosis and empiric
treatment decisions. However, we also contacted the pri-
mary care physicians of study participants to obtain docu-
mentation of antimicrobial agents prescribed in the
6-month period preceding the hospitalization for pneumo-
coccal pneumonia. In addition, since study participants
were interviewed at home, we asked them to examine any
medication bottles that they still possessed to verify the
name of the drug and to determine if any medications were
unfinished.

Microbiologic Data Collection

Pneumococcal blood isolates were transported to a cen-
tral laboratory at the Hospital of the University of
Pennsylvania for analysis. Isolates were re-identified to
confirm that they were pneumococci on the basis of colony
shape and hemolytic activity, Gram stain appearance, cata-
lase reaction, bile solubility, and optochin susceptibility
(12).

Confirmed isolates of S. pneumoniae were screened for
susceptibility to oxacillin, erythromycin, clindamycin,
tetracycline, trimethoprim-sulfamethoxazole, and lev-
ofloxacin by using the Clinical and Laboratory Standards
Institute (CLSI, formerly National Committee for Clinical
Laboratory Standards) disk-diffusion procedure (13).
Isolates that demonstrated reduced susceptibility to any
drug were confirmed by using a Food and Drug
Administration—cleared and CLSI-compliant microbroth
dilution testing method (Sensititer 96 well plate, Trek
Diagnostics Systems, Inc., Cleveland, OH, USA) for S.
pneumoniae. Because the highest erythromycin micro-
broth MICs that could be measured with the assay were 4
ug/mL, additional testing was performed on all erythromy-
cin-resistant isolates with the Etest method, as recom-
mended by the manufacturer, which includes the use of
Mueller-Hinton 5% sheep’s blood agar (BBL brand, BD
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Diagnostic Systems, Sparks, MD, USA) and incubation in
5% CO, for 20 to 24 h. Carbon dioxide incubation,
required for the optimal growth of many pneumococci on
solid media, increases erythromycin MICs by =1 doubling
dilution and therefore changes the erythromycin MIC
breakpoints to <0.5, susceptible, 1 intermediate, and >2
resistant (14). For the purposes of this study, we combined
isolates with intermediate susceptibility and resistance to
erythromycin as erythromycin-resistant cases for the case-
control study. However, only 1 isolate among these cases
had an erythromycin MIC = 1.0 pg/mL; the remainder had
MICs >1.0 ug/mL.

All pneumococcal isolates were serotyped according to
standard methods by using the Quellung reaction (15-17).
All sera were purchased from the Statens Serum Institut
(WHO Collaborating Centre for Reference and Research
on Pneumococci) and included 14 pooled sera, 62 factor
sera, and 22 type sera.

Data Analysis

We calculated descriptive statistics for case-patients
and controls and compared the distribution of demograph-
ic and clinical characteristics by using x2 test statistics. We
compared the self-reported patterns of prior antimicrobial
drug exposure between case-patients and controls, distin-
guishing antimicrobial agents that were taken before the
onset of the illness and those taken during the current ill-
ness up to the time of hospitalization.

Multivariable analyses were completed with logistic
regression. We included as candidate risk factors all vari-
ables that were significantly associated with case versus
control status at p<0.10 in bivariate analyses. We devel-
oped a final model using backward elimination, with vari-
ables with p>0.05 eliminated from the model. Associations
between risk factors and macrolide-resistant bacteremic
pneumococcal pneumonia that remained in the model are
presented as odds ratios (ORs) and 95% confidence inter-
vals (CIs). A separate model examining patterns of antimi-
crobial drug exposure was constructed restricted to those
participants who reported >1 prior exposure to antimicro-
bial drugs during the 6 months preceding onset of illness.
This study was approved by the institutional review boards
at the University of Pennsylvania School of Medicine and
each participating hospital.

Results

From December 1, 2000, through April 17, 2004, a total
of 1,209 cases of pneumococcal bacteremia among adults
in the 5-county region were identified. Excluding patients
without a concurrent diagnosis of pneumonia, with a con-
current diagnosis of meningitis, residence outside the 5-
county region, or hospitalization within 10 days of the
episode yielded 956 eligible participants. We enrolled 444
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(46%). Reasons for nonenrollment included physician
refusal (26%), patient or proxy refusal (36%), and inabili-
ty to locate the patient or family (24%).

Seventy- six patients (17%) had erythromycin-resistant
infections (MICg, = 8.0 pg/mL, MICq, = 256 ug/mL, range
1-256 pg/mL) and were selected as the case-patients for
this study (Figure). As expected, 22 of 23 isolates with
erythromycin MICs >64 pg/mL were also clindamycin
resistant (MLSg phenotype), and 49 of 53 isolates with
erythromycin MICs <32 pg/mL were clindamycin suscep-
tible and comprised the M phenotype (18). Compared to
the pneumococcal isolates from patients with erythromy-
cin-susceptible infections, isolates from patients with
erythromycin-resistant infections were more likely to have
reduced susceptibility to penicillin (75% vs. 11%), tetracy-
cline (38% vs. 1%), and trimethoprim-sulfamethoxazole
(62% vs. 10%) (all p<0.0001). However, susceptibility to
fluoroquinolones (specifically levofloxacin) was the same
for erythromycin-resistant and erythromycin-susceptible
isolates (1% of erythromycin-susceptible and -resistant
isolates were resistant to levofloxacin, p = 0.82).
Compared to the erythromycin-susceptible isolates, eryth-
romycin-resistant isolates were more than twice as likely
to belong to 1 of the 7 serotypes contained within the new
pneumococcal conjugate vaccine (45% vs. 22%,
p<0.0001).

Demographic and Clinical Risk Factors

Among potential demographic factors, only race and
ethnicity were significantly associated with erythromycin
resistance. White patients were more likely to have a
resistant infection compared to patients self-reporting
other racial categories (Asian, African American or Black,
and Native Hawaiian or other Pacific Islander) (OR 1.8,
95% CI 1.0-3.1), and Hispanic patients were more likely
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Figure. MIC distribution of resistant isolates. This figure displays
the proportion of resistant isolates at each MIC. Isolates with clin-
damycin susceptibility are analyzed separately from isolates with
clindamycin resistance. The total number of isolates is 76.
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to have a resistant infection compared to non-Hispanic
patients (OR 3.1, 95% CI 1.1-8.8). Patient age, sex, edu-
cation, income, and urban versus suburban residence were
not significantly associated with the probability of an
erythromycin-resistant infection (Table 1).

Among potential clinical factors, a history of chronic
bronchitis or emphysema was associated with an increased
probability of erythromycin resistance (OR 2.0, 95% CI
1.1-3.4), and a history of stroke was associated with a
reduced probability of resistance (OR 0.2, 95% CI
0.1-0.9). Patient report of receiving influenza vaccination
in the prior year was associated with an increased proba-
bility of resistance (OR 1.7, 95% CI 1.0-2.8). Other coex-
isting conditions, including HIV infection, asthma, and
diabetes mellitus, were not significantly associated with
susceptibility of the pneumococcal isolate (Table 1).

Patient report of any exposure to antimicrobial agents
during the 6 months preceding the episode of bacteremic
pneumococcal pneumonia was associated with a >2-fold
increase in the odds of having an erythromycin-resistant
isolate (OR 2.2, 95% CI 1.3-3.7). Fifty-five percent of
patients with erythromycin-resistant infections did not
report any antimicrobial drug exposures in the preceding 6
months. Among different classes of antimicrobial agents,
prior exposure to macrolides and quinolones was each
associated with an increased probability of macrolide

resistance, but reported exposure to penicillins,
cephalosporins, and tetracyclines was not associated with
an increased probability (Table 2). The major macrolide
drugs reported by patients were azithromycin (58%) and
clarithromycin (30%). The major fluoroquinolone drugs
reported by patients were levofloxacin (49%) and
ciprofloxacin (40%). Physicians provided outpatient med-
ical record information on antimicrobial drug exposure for
342 (77%) of the 444 study participants. Based on physi-
cian report, documented prescription of an antimicrobial
agent in the 6 months preceding the episode of bacteremic
pneumococcal pneumonia was associated with an almost
2-fold increase in the odds of having an erythromycin-
resistant isolate, but this finding did not achieve signifi-
cance (OR 1.7 95% CI 1.0-3.1).

Among patients who reported any prior exposure to
antimicrobial drugs, the probability of macrolide resist-
ance increased with patient report of increasing number of
prior courses of drugs. Patients who reported only 1 prior
course had a 1.5-fold increased odds of a resistant infec-
tion, whereas patients who reported >2 courses of antimi-
crobial agents had a 3.0-fold increased odds of a resistant
infection. In addition, the relationship of antimicrobial
drug exposure to the probability of an erythromycin-resist-
ant infection was time sensitive: patients with such expo-
sure within 3 months of infection had significantly

Table 1. Demographic and clinical characteristics of cases and controls®

Macrolide resistant,

Macrolide susceptible,

Characteristic n=76 (%) n = 368 (%) OR 95% ClI p value

Demographic factors
Age >65y 40 (53) 163 (44) 1.4 0.9-2.3 0.19
Male sex 36 (48) 169 (46) 1.1 0.7-1.8 0.73
White race 57 (76) 236 (64) 1.8 1.0-3.1 0.048
Hispanic ethnicity 6 (8) 10 (2) 31 1.1-8.8 0.026
Nursing home residence 4 (5) 23 (6) 0.8 0.2-26 0.71
Annual income >US $25,000 30 (55) 136 (49) 1.2 0.7-2.2 0.46
More than high-school education 53(72) 236 (64) 1.4 0.8-2.4 0.24
Children (< 6 y) in home 12 (16) 62 (17) 0.9 0.4-1.9 0.82
Philadelphia residence 29 (39) 176 (48) 0.7 0.4-1.2 0.15

Clinical factors
HIV infection 5(7) 45 (12) 05 0.2-1.3 017
Active smoking 25 (33) 107 (29) 1.2 0.7-21 0.45
Asthma 19 (25) 73(17) 1.4 0.8-2.5 0.28
Chronic bronchitis/femphysema 23 (31) 68 (18) 20 1.1-3.4 0.017
Coronary artery disease 9(12) 67 (18) 0.6 0.3-1.3 0.20
Congestive heart failure 8(11) 72 (20) 05 0.2-11 0.069
History of stroke 2(3) 43 (12) 0.2 0.1-0.9 0.019
Diabetes mellitus 12(17) 89 (24) 0.7 0.4-1.3 0.20
Chronic renal disease 3(4) 40 (11) 0.3 0.1-141 0.068
Active cancer 15 (20) 51 (14) 1.6 0.8-3.0 017
Chronic liver disease 7(9) 43 (12) 0.8 0.3-1.8 0.56
Prior influenza vaccinationt 46 (61) 178 (48) 1.7 1.0-2.8 0.039
Prior pneumococcal vaccinationf 35 (47) 198 (54) 0.8 05-1.2 0.27

*OR, odds radio; Cl, confidence interval. p value based on xz test.
tin the 12 months preceding the date of infection.
FAt any time before the date of infection.
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Table 2. Patterns of prior antimicrobial drug exposure for patients and controls*

Macrolide resistant,

Macrolide susceptible,

Antimicrobial agent exposure n=76 (%) n = 368 (%) OR 95% ClI p value
Any in prior 6 mot 34 (45) 101 (27) 22 1.3-3.7 0.002
Any macrolide in prior 6 mo 14 (19) 29 (8) 27 1.3-5.4 0.004
Any quinolone in prior 6 mo 14 (19) 33 (9) 23 1.2-46 0.013
Any penicillin in prior 6 mo 8(11) 36 (10) 11 05-25 0.81
Any cephalosporin in prior 6 mo 4 (5) 15 (4) 1.3 0.4-41 0.62
Any tetracycline in prior 6 mo 1(1) 3(1) 1.6 0.2-16.1 0.66
No. antimicrobial agents in 6 mo

None 41 (55) 261 (71) Referent

1 prescription 18 (24) 75 (20) 15 0.8-2.7 0.20

>2 prescriptions 16 (21) 33 (9) 3.0 1.5-6.0 0.002
Did not complete last prescription 9(12) 14 (4) 35 1.4-8.3 0.004
On antimicrobial agent at admission 4 (5) 7(2) 29 0.8-10.2 0.083
Time since antimicrobial agentt

No prior drug use 44 (59) 277 (75) Referent

<3 mo 22 (29) 62 (17) 22 1.2-42 0.006

4-6 mo 9(12) 30 (8) 1.7 0.8-4.5 0.12

*Odds ratio (OR) and 95% binomial confidence interval (95% CI). P value based on xz test.
tDoes not include antimicrobial agents that patient was taking at time of admission for bacteremic pneumococcal pneumonia.
tFor patients on >1 antimicrobial agent in previous 6 months, this represents time since most recent course of drugs.

increased odds of resistant infection, whereas patients
exposed during the 4-6 months preceding infection did not
have significantly increased odds of resistant infection.
Finally, among patients who had at least 1 course of drugs,
reporting that they did not finish the prescribed course was
associated with >3-fold increased odds of a resistant infec-
tion compared to that for patients who reported completing
the most recent course of antimicrobial agents (OR 3.5,
95% Cl 1.4-8.3).

In multivariable analysis, prior exposure to macrolides
(OR 2.8), prior influenza vaccination (OR 2.0), and
Hispanic ethnicity (OR 4.1) were independently associat-
ed with an increased probability of macrolide resistance; a
history of stroke (OR 0.2) was independently associated
with a reduced probability of macrolide resistance (Table
3). All patients with a macrolide-resistant infection report-
ed >1 of these 4 factors (prior exposure to macrolides,
prior flu shot, Hispanic ethnicity, or no history of stroke).
However, 97% of all study patients reported >1 of these 4
factors (data not shown). Among patients who reported at
least 1 course of an antimicrobial agent in the 6 months
preceding infection, the only significant characteristic of
prior exposure was the patient’s report that he or she failed
to complete the full prescription (OR 3.4, 95% CI 1.2-9.9).

Discussion

In this case-control study of 444 adults with bacteremic
pneumococcal pneumonia, we found that exposure to
macrolides in the 6 months preceding infection, a history
of influenza vaccination in the 12 months preceding infec-
tion, and Hispanic ethnicity were all independently associ-
ated with an increased probability of an erythromycin-
resistant infection. However, most patients with erythro-
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mycin-resistant pneumococcal infections did not report
any antimicrobial drug exposures in the 6 months preced-
ing infection.

That prior antibacterial drug exposure is a risk factor
for drug-resistant pneumococcal infections is supported by
mathematical models and most empiric studies. Numerous
studies have suggested a relatively strong association
between prior antimicrobial drug use and the subsequent
development of invasive infections due to penicillin-resist-
ant pneumococcal infections (19-24). A recent case-con-
trol study comparing penicillin-susceptible to penicillin-
nonsusceptible isolates from patients with pneumococcal
bacteremia identified prior exposure to B-lactams, sulfon-
amides, and macrolides as risk factors; fluorogquinolone
exposure was not a risk factor. These risk factors remained
relevant up to 6 months before infection (25). Similarly, in
another recent study of invasive pneumococcal disease
comparing patients with macrolide-resistant isolates to
macrolide-susceptible isolates, exposure to each of the fol-
lowing drugs was associated with an increased probability
of a macrolide-resistant infection: penicillin, trimetho-
prim-sulfamethoxazole, clarithromycin, or azithromycin
(26). While our current study found that exposure to the

Table 3. Independent risk factors for macrolide-resistant
bacteremic pneumococcal pneumonia*

Risk factor OR (95% Cl) p value
Macrolide <6 mo before 2.8 (1.4-5.8) 0.005

infection

Influenza vaccination <1 mo 2.0(1.2-3.3) 0.013

before infection

Hispanic ethnicity 41 (1.4-12.5) 0.011

Prior stroke 0.2 (0.04-0.8) 0.021

*Odds ratio (OR), 95% confidence intervals (Cl), and p value from logistic
regression with all listed factors in the model.
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macrolide drug class had the strongest association with the
odds of a macrolide-resistant infection, the sample was too
small to separately analyze the risk associated with
different drugs within that class. However, given that
antimicrobial drug exposure is common, research on mod-
ifiable risk factors for drug-resistant pneumococcal infec-
tions needs to focus on different patterns of exposure, both
in terms of specific drugs selected and the dose and dura-
tion of administration. Among patients with a prior expo-
sure to antimicrobial agents, reporting that they did not
complete the course was significantly associated with the
odds of a macrolide-resistant infection. Future studies cor-
relating duration of therapy with risk for colonization with
macrolide-resistant pneumococci would be useful to fur-
ther explore this phenomenon.

Additional risk factors associated with drug-resistant
pneumococcal infections have been reported to include
extremes of age, attendance in daycare, having a house-
hold member in daycare, and coexisting illnesses, particu-
larly HIV infection (4,21,27-29). However, many of these
risk factors may be identified only because they are asso-
ciated with higher probabilities of prior antimicrobial drug
exposure, which may have been incompletely measured by
our questions on prior drug use. In this study, for example,
patients who report prior influenza vaccination may have
increased access to health providers or increased frequen-
cy of respiratory infections, both factors that would likely
increase the probability of prior antimicrobial drug expo-
sure. Similarly, while we asked many questions about prior
antimicrobial drug exposure, the observed association
between erythromycin resistance and Hispanic ethnicity
may be confounded by increased access to antimicrobial
drugs through nontraditional sources (such as markets),
where they may be less readily identified as antimicrobial
agents (30). On the other hand, the identification of antimi-
crobial drug—independent risk factors would suggest that
an additional mechanism, specifically increased exposure
to persons with antimicrobial drug-resistant bacteria, is a
factor promoting the emergence of macrolide-resistant
pneumococcal infections. In this regard, the reduced prob-
ability of resistant infections seen in patients with a histo-
ry of stroke might relate to relative social isolation in this
population, which would reduce exposure to persons car-
rying drug-resistant pneumococci. Finally, some of the
observed associations may be due to random (type I) error
and represent false-positive results.

We did not enroll all patients with bacteremic pneumo-
coccal pneumonia. Therefore, selection bias may have
affected our assessment of different risk factors, particular-
ly if enrollment differed for participants with macrolide-
resistant and —macrolide-susceptible infections. Our
analysis of the drug susceptibility of isolates from nonen-
rolled patients showed that the proportion of erythromy-
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cin-resistant isolates was not significantly different
between enrolled and nonenrolled patients (data not
shown). In addition, as pointed out by others, the selection
of control groups affects the interpretation of results (31).
In this study, we used patients with antimicrobial
drug-susceptible pneumococcal infections as the control
group to identify factors that might distinguish patients
with pneumococcal infections at the time of treatment
decisions. Finally, we relied primarily on patient self-
report to identify prior antimicrobial drug exposures and
the patterns of these exposures. We used a multistage, pre-
viously validated approach to measure exposure.
Moreover, patient report is typically the source of informa-
tion for providers at the time of treatment decisions.
Although measurement error may have introduced bias in
our risk estimates, the level of association between prior
antimicrobial drug exposure and the odds of a macrolide-
resistant infection were quantitatively similar when we
used information from outpatient medical records.

More broadly, this study demonstrates that among
patients with pneumococcal disease, patients with self-
reported prior exposure to antimicrobial drugs, particular-
ly macrolides, have an increased probability of infection
with macrolide-resistant pneumococci. In addition, addi-
tional courses of antimicrobial drugs increase the probabil-
ity of a drug-resistant infection. However, most patients
with macrolide-resistant infections did not report any prior
antimicrobial drug exposures. As a result, empiric therapy
should be predominately guided by local susceptibility
data rather than specific host characteristics.
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Appendix

The Delaware Valley Case Control Network includes the fol-
lowing physicians and laboratory directors listed with their
respective hospitals.

Robert Dee, Herbert Auerbach (Abington Memorial
Hospital); Jerry Zuckerman, lerachmiel Daskal (Albert Einstein
Medical Center); John Bartels, Stephen B. Chasko (Brandywine
Hospital); Albert Keshgegian, Olarae Giger (Main Line Clinical
Laboratory); Peter Spitzer, Bryn Mawr Hospital); Lawrence
Livornese, (Lankenau Hospital); David Trevino (Paoli Hospital);
Abby Huang, David Wright (Central Montgomery Medical
Center); Dorothy Slavin, Mark Ingerman, Jerome Santoro,
Lawrence Livornese, Ru Lin Ko Tung (Chestnut Hill Hospital);
John Roberts, Jim Heald (Chester County Hospital); William
Ravreby, Harvey B. Spector (Crozer Chester Medical Center,
Taylor Hospital); Margaret Hessen (Springfield Hospital);
Lawrence M. Matthews, Margaret Hessen (Delaware County
Memorial Hospital); David Loughran, Rose M. Kenny
(Doylestown Hospital); Donald Marcus, Xiaoli Chen (Elkins
Park Hospital); Richard Tepper, Ila Mirchandani (Jeanes
Hospital); Peter Axelrod (Fox Chase Cancer Center); Donald
Marcus, Howard Elefant (Frankford Hospital Torresdale
Division, Frankford Hospital Bucks County Campus, Frankford
Hospital Frankford Division); Bonnie Rabinowitch, Fernando U.
Garcia (Graduate Hospital); Abby Huang, Irwin Hollander
(Grand View Hospital); Young S. Kim, Christopher Emery
(Hahnemann University Hospital); Robert Dee, Pantaleon Fagel
(Holy Redeemer Hospital and Medical Center); Paul Edelstein
(Hospital of the University of Pennsylvania and Preshyterian
Hospital); Paul McGovern (Presbyterian Hospital); Lorenzo M.
Galindo (Mercy Fitzgerald, Mercy Suburban, Mercy Hospital of
Philadelphia); William McNamee (Mercy Fitzgerald, Mercy
Hospital of Philadelphia); Wayne Miller (Mercy Suburban
Hospital); Robert Measley, Harvey J. Bellin (Methodist
Hospital); David S. Fox, Paul Belser (Montgomery Hospital);
Michael Braffman, John Stern, Gary Stopyra (Pennsylvania
Hospital); Raymond Kovalski, Leonas Bekeris (Phoenixville
Hospital); Raymond Kovalski, Dante DiMarzio (Pottstown
Memorial Hospital); William McNamee, Susan Yaron (Riddle
Memorial Hospital); Lawrence Livornese, Pradeep Bhagat
(Roxborough Memorial Hospital); John Bartels, James Monihan
(Jennersville Regional Medical Center); Robert Measley, John
McCormick (St Agnes Medical Center); Abby Huang, David
Steinberg, (St Luke’s Quakertown); Donald Marcus, Zenon
Gibas, Helen Kroh (St Mary Medical Center); Peter Axelrod,
Allan Truant, Jamshid Moghaddas (Temple University Hospital,
Northeastern Hospital, Episcopal Hospital); Jerry Zuckerman
(Northeastern Hospital); Gregory Kane, Fred Gorestein, Donald
Jungkind (Thomas Jefferson University Hospital); Donald
Stieritz (Philadelphia VA Medical Center); David Loughran,
Manjula Balasubramanian (Warminster Hospital).
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Antibody Response to
Pneumocystis jirovecii Major
Surface Glycoprotein
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We conducted a prospective pilot study of the serolog-
ic responses to overlapping recombinant fragments of the
Pneumocystis jirovecii major surface glycoprotein (Msg) in
HIV-infected patients with pneumonia due to P. jirovecii
and other causes. Similar baseline geometric mean anti-
body levels to the fragments measured by an ELISA were
found in both groups. Serum antibodies to MsgC in P.
jirovecii patients rose to a peak level 3—4 weeks (p<0.001)
after recovery from pneumocystosis; baseline CD4+ count
>50 cells/uL and first episode of pneumocystosis were the
principal host factors associated with this rise (both
p<0.001). Thus, MsgC shows promise as a serologic
reagent and should be tested further in clinical and epi-
demiologic studies.

neumocystis  jirovecii, formerly known as

Pneumocystis carinii special form hominis (1), is a
leading cause of fatal pneumonia in HIV-positive persons
and other immunosuppressed patients. Research on P.
jirovecii has been hampered by the lack of a reliable in
vitro culture system, so investigators have developed
molecular techniques to characterize isolates. Studies by
the Centers for Disease Control and Prevention, San
Francisco General Hospital, and other medical centers in
the United States that use these techniques have provided
epidemiologic insights about P. jirovecii patients (2,3).
Reports of P. jirovecii colonization detected by molecular
probes in persons ranging from healthy young children to
adults with chronic lung diseases raise the possibility that
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tUniversity of Cincinnati, Cincinnati, Ohio, USA; FUniversity of
California, San Francisco, California, USA; 8University of
Southern California, Los Angeles, California, USA; fYale
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and #University of Pavia, Pavia, Italy
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this organism may have medical and public health conse-
quences beyond those on the immunocompromised host
(4,5).

Serologic analysis may be useful in epidemiologic
studies of P. jirovecii infection, especially in light of evi-
dence that antibodies contribute to host defenses against
the organism (6-8). Unfortunately, despite >40 years of
investigation, a useful serologic test for P. jirovecii is not
yet available (9,10). Antigens have mainly consisted of
crude extracts from infected human or rodent lungs. These
preparations have shown that antibodies to the organism
are highly prevalent in the general population (4,11,12) but
have been unable to distinguish present from past infection
or colonization from active disease. Specific native P.
jirovecii antigens have shown more promise as serologic
reagents, but they are in short supply (11,13). This problem
has been exacerbated by data about genetic diversity and
host specificity of Pneumocystis, which have emphasized
the importance of matching organisms used in studies with
the host from which they have been derived (1).

More recent attention has turned toward the use of
recombinant P. jirovecii antigens to study host immune
responses (14-19). The major surface glycoprotein (Msg
or gpA) is highly immunogenic and contains protective B-
and T-cell epitopes, and the heavily glycosylated portion of
the antigen plays a central role in the interaction of the
organism with the host (6-10,20). Msg represents a family
of proteins encoded by multiple genes and is thus capable
of antigenic variation, which may serve as a mechanism to
evade host immune responses. Our strategy has been to use
a single Msg isoform that would enable us to begin to
understand the host immune response to this complex gly-
coprotein. We developed 3 overlapping recombinant

1These authors contributed equally to this study.
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fragments (MsgA, MsgB, and MsgC), which span the
entire length of the P. jirovecii Msg, and analyzed their
reactivity with serum antibodies in different populations
by Western blot (WB) and ELISA (17,18). A key finding in
both studies was that asymptomatic, HIV-positive patients
in Cincinnati with a past episode of Pneumocystis pneumo-
nia (PCP) had a significantly higher degree of antibody
reactivity to MsgC, the carboxyl terminus and most con-
served part of the antigen, than patients who had never had
the disease.

In this pilot study, we sought to determine whether
serum antibody levels to MsgA, MsgB, and MsgC differed
in HIV-positive patients with acute pneumonia due to P.
jirovecii compared to those with pneumonia due to other
causes. Further, we asked whether serum antibody levels
would rise in these patients during treatment and recovery
from pneumocystosis, which Msg fragment could best
detect this increase, and whether specific host factors were
associated with the antibody rise.

Materials and Methods

Patients and Study Design

As standard clinical practice, HIV-positive patients who
came to San Francisco General Hospital with respiratory
signs and symptoms compatible with pneumocystosis were
evaluated by a uniform protocol that has been described
previously (21). This protocol included obtaining speci-
mens by induced sputum and, if necessary, bronchoscopy
with bronchoalveolar lavage. Microscopic examination and
cultures were used to establish a specific etiologic diagno-
sis. Consecutive patients undergoing sputum induction or
bronchoscopy to diagnose PCP were enrolled in this study
and provided written, informed consent to allow their med-
ical records to be abstracted with a standardized data form.
Study investigators classified patients as either PCP posi-
tive or PCP negative (controls), according to predetermined
definitions that were blinded to serologic results.
Pneumocystis patients were those patients with a micro-
scopically confirmed diagnosis of P. jirovecii; these
patients were treated with standard anti-Pneumocystis
drugs as part of their regular medical care. Control patients
were those whose microscopic examinations were negative
for P. jirovecii, had Pneumocystis treatment discontinued,
and recovered from acute pneumonia.

The study was conducted during a 4.5-year period
(May 2000 through September 2004). During the first half
of the study (2000-2002), an acute-phase serum specimen
was drawn at the time of hospital admission for pneumo-
nia, and a single convalescent-phase specimen was drawn
at different intervals 5-12 weeks later. Preliminary analy-
sis suggested that the Pneumocystis patients experienced a
rise in mean serum antibody levels, whereas controls did

1232

not. Thus, during the later part of the study (2003-2004),
additional serial convalescent-phase serum specimens
were drawn every 1-2 weeks for 6 weeks from patients
with pneumocystosis to measure early changes in antibody
levels. Serum specimens were stored at —70°C and shipped
to the University of Cincinnati for analysis. University of
California San Francisco and University of Cincinnati
institutional review boards approved the protocol.

Analysis of Serum Antibodies

Serum antibody levels to MsgA, MsgB, and MsgC
were measured in a blinded manner by an ELISA as previ-
ously described (14,17,18). All serum specimens and the
standard reference serum were diluted 1:100 and tested in
duplicate wells of a 96-well plate against the following
reagents: recombinant Msg fragments, Escherichia coli
extract expressing the pET vector without insert (vector
control), tetanus toxoid (TT) (positive control), and phos-
phate-buffered saline (PBS) without antigen (negative con-
trol). As an additional negative control, PBS was
substituted for the serum specimen. Plates were washed,
horseradish peroxidase (HRP)-labeled goat anti-human
immunoglobulin G was added, plates were washed again,
and tetramethylbenzidine substrate was added. The reac-
tion was stopped by adding 0.18 mol/L H,SO,, and the
plates were read at a wavelength of 450 nm. The reference
serum specimen, which was obtained from a single person
and had known reactivity to Msg, was run on each day as
another control. HRP-labeled S-protein was used as a pos-
itive control and to correct for antigen loading. During the
early part of the study, patient and reference serum speci-
mens were tested at 1:100, 1:500 and 1:2,500 dilutions.
The best results were obtained with the 1:100 dilution, so
this dilution was used for the remainder of the study. The
reactivity of each serum specimen to Msg was expressed
as the ratio of reactivity to the pET vector: (mean optical
density [OD] MSQ.¢t serum — Mean OD PBS ) / (mean
OD pET — mean OD PBS

test serum.

test serum test serum)'

Statistical Analysis

Sex and racial distributions of Pneumocystis patients
and controls were compared by using 2 tests of equality
of proportions. Means and standard deviations were calcu-
lated to compare the center and spread of age and continu-
ous parameters measured at enrollment (baseline). Mean
values for Pneumocystis patients and controls were com-
pared and tested for equality by using unpaired t tests with
adjustment for unequal variances, either on the original or
logarithmic scale. Geometric means and geometric stan-
dard deviations were calculated when data were approxi-
mately lognormally distributed, as judged by Shapiro-
Wilks tests and visual assessment. Quantile-quantile plots
of serum antibody levels showed that their distributions
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were approximately lognormal, except for larger numbers
of values at the lower quantiles. Pearson product moment
correlations among clinical parameters and Msg fragments
were obtained. Analyses of trends in mean values of each
outcome were performed for all patients enrolled at base-
line during either study period and followed up at least
once at weeks 1-2, 3—4, or 5-6. Sparse data at later follow-
up weeks precluded their inclusion in the regression analy-
ses because of instability of parameter estimates. In
addition, the numbers of patients observed at baseline and
each follow-up time were too small to provide meaningful
inferences from analysis.

Two stratifications of Pneumocystis patients were
investigated with respect to trends and mean levels of Msg
fragments: patients with CD4+ counts above and below
the median value (=50 cells/uL) and patients with and
without a history of pneumocystosis. The analysis provid-
ed comparisons between means for patient categories at
each follow-up week, as well as differences in patterns of
change over time between patient groups. We obtained p
values that compared mean values between periods and
levels of CD4+ count or history of Pneumocystis pneumo-
nia by using t tests with Tukey’s adjustment for multiple
comparisons. Patient-specific deviations from group
means were included in the analysis as a random effect,
which allowed the correlation between repeated measure-
ments on the same patient over time to be included in
between- and within-patient variance estimates. A p value
<0.05 (2-tailed) was considered significant, unless stated
otherwise. Analyses were performed by using the SAS
procedure PROC MIXED (SAS for Windows version 9.2,
SAS Institute Inc., Cary, NC, USA)

Results

Demographic and Clinical Characteristics

No significant differences were seen between the 80
Pneumocystis patients and the 41 control patients with
other causes of pneumonia in terms of sex, race, or age
(Table 1). Baseline serum albumin levels, arterial blood
gas measurements, and the proportion of patients who
required mechanical ventilation were also similar, which
indicates that the overall general health of patients and the
severity of pneumonia in these 2 groups were also compa-
rable. In addition, the proportion of patients with prior
pneumocystosis was similar in both groups. However, the
Pneumocystis patients had more advanced or more poorly
controlled HIV infection than did the controls. The P.
jirovecii patients had a significantly lower geometric mean
CD4+ count and a significantly higher mean plasma HIV
RNA level than did control patients. Patients with pneumo-
cystosis also exhibited a significantly higher mean serum
lactate dehydrogenase (LDH) level than did controls; this
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Table 1. Demographic characteristics and baseline clinical
measurements of patients with Pneumocystis pneumonia (PCP)
and controls*

PCP Controls
Characteristic (n=80) (n=41)
Demographic
Male (%) 86 76
Race (%)
Caucasian 55 39
African American 29 39
Other 16 22
Age at enroliment (y) 41 +8 42+8
Clinical
CD4 count (cells/ul)tt 29+3 734
Plasma HIV RNA 123130+ 5 15,582 + 24
(copies/mL)Tt
Albumin (g/L) 3005 31+07
Prior PCP (%) 24 33
Pneumonia severity
pO, (mm Hg) 65+ 156 7329
Aa gradient (mm Hg) 44+ 13 41 15
LDH (U/L)T% 3592 2572
Mechanical ventilation (%) 7 7
Serum antibody levels
MsgAt 56+48 3.7+35
MsgBt 29+13 1909
MsgCt 42+43 43+34

*Unless specified otherwise, values are mean + standard deviation. pO,,
oxygen pressure; Aa, alveolar-arterial; LDH, lactate dehydrogenase; Msg,
major surface glycoprotein.

TGeometric mean + geometric standard deviation.

ISignificant difference between patient groups for CD4+ count (p<0.01),
plasma HIV RNA (p<0.001), LDH (p<0.001).

finding is consistent with the observation that elevated
serum LDH is a nonspecific indicator of PCP.

Baseline and Sequential Serum Antibody
Levels to MsgC

At the time of hospital admission for pneumonia, geo-
metric mean serum antibody levels to MsgC in
Pneumocystis patients and controls were similar (Table 1).
Forty-one of 80 patients with PCP had >1 convalescent-
phase serum specimen drawn in the first 6 weeks after hos-
pital admission. The total number of patient visits was 62.
Patients observed at weeks 3—-4 (n = 19) had a higher mean
serum antibody level to MsgC than the average level of all
patients at baseline (n = 80) and patients observed at weeks
1-2 (n = 25) and weeks 5-6 (n = 18). Differences were sig-
nificant, as determined by t statistics comparing group
means, adjusted for paired comparisons (p<0.01 to
p<0.001) (Table 2). Mean antibody levels at subsequent
time points were 3.7 at 5-6 weeks, 4.0 at 7-8 weeks, and
3.0 at 9-12 weeks (data not shown).

Analysis of serum antibody levels in individual patients
showed different patterns of reactivity (Figure). Eleven
(58%) of the 19 patients studied at 3—-4 weeks had an
increase in their antibody levels, ranging from 1.4- to
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Table 2. Antibody levels to major surface glycoprotein C in Pneumocystis pneumonia patients by CD4+ count and week of

observation*

All patients CD4+ <50 cells/ulL CD4+ >50 cells/uL
Week n Geometric mean (95% Cl) n Geometric mean (95% ClI) n Geometric mean (95% CI)
Baseline (0) 80 4.2 (3.1-5.8) 54 4.2 (2.8-6.3) 26 4.4 (2.5-7.6)
1-2 25 8.0 (4.1-15.8) 17 7.3(3.0-17.8) 8 9.9 (2.8-35.3)
3-4 19 10.4 (4.7-23.1)1 13 6.3 (2.4-16.4) 6 30.4 (7.1-129.5)
5-6 18 3.7 (2.0-6.8) 10 5.5 (2.0-15.0) 8 23(1.2-4.4)

*n = no. patients who were observed at the specified follow-up time and at baseline. Cl, confidence interval.

1p<0.001 vs. week 0, p<0.001 vs. weeks 1-2, and p<0.001 vs. weeks 5-6.

1p<0.001 vs. week 0, p<0.001 vs. weeks 5-6, p<0.03 vs. weeks 3—4 in CD4+ <50 cells/uL group.

22-fold above baseline levels. To determine if the rise in
serum antibodies in the Pneumocystis patients at 3-4
weeks was specific for P. jirovecii or part of a broader
increase in antibody reactivity, we examined the changes
in antibody levels to TT in these 19 patients. The geomet-
ric mean antibody levels of 80 U at baseline and 117 U at
3-4 weeks were not significantly different.

Predictors of Serum Antibody Response to MsgC
among Pneumocystis Patients

We examined clinical characteristics associated with an
increase in antibody levels. No relationship was found
between antibody level and sex, race, age, HIV viral load,
serum albumin level, oxygenation, LDH level, or use of
mechanical ventilation. CD4+ cell count (analyzed as
CD4+ count <50 cells/uL or >50 cells/uL) was significant-
ly associated with the ability to generate an increase in
antibody levels (Table 2). Patients with CD4+ counts <50
cells/uL exhibited no significant changes in antibody lev-
els to MsgC at any time point. In contrast, patients with
CD4+ counts >50 cells/uL had a rise in mean antibody
level, which peaked at 30.4 at 3—4 weeks and which was
significantly higher than antibody levels at baseline
(p<0.001) and at 5-6 weeks (p<0.001). The mean antibody
level at 3—4 weeks in these patients was also significantly
higher than the corresponding level in patients with <50
CD4+ cells (30.4 vs. 6.3, p<0.03).

The lack of a history of pneumocystosis also seemed to
influence antibody response but not baseline antibody
level. The mean antibody level to MsgC in the 59 patients
with first episode of PCP was 4.1; this value was not sig-
nificantly different from the mean value of 4.2 in the 19
patients with recurrent pneumocystosis (Table 3).
Sequential antibody responses were compared in PCP
patients whose episode of pneumonia was their first expe-
rience with the disease versus those whose pneumonia was
a recurrent bout of the disease. Antibody levels in naive
patients increased and reached a peak mean value of 17.9
at 3-4 weeks compared to 4.1 at baseline (p<0.001),
whereas patients with a history of P. jirovecii pneumonia
experienced no increase. Because the number of patients
was low, we could not analyze the combined effects of
PCP history and CD4+ cell count.

1234

Baseline and Sequential Serum Antibody Levels to
MsgA and MsgB

The baseline geometric mean serum antibody level to
MsgA of 5.6 in PCP patients was not significantly differ-
ent from the mean level of 3.7 in the controls (Table 1).
Patients with pneumocystosis exhibited a different pattern
of antibody response to MsgA than to MsgC in that the
mean peak antibody levels to MsgA at 1-2 weeks and 3-4
weeks were similar (Table 4). However, none of the differ-
ences in antibody levels at different time points reached
significance. In addition, no significant differences were
found in the antibody levels at different time points in
patients with and without a history of pneumocystosis or in
patients with CD4+ cell counts <50 cells/uL or patients
with CD4+ counts >50 cells/uL (data not shown).

No significant difference in baseline geometric mean
serum antibody levels to MsgB was seen in patients with
PCP and controls (Table 1). No significant differences
were seen in antibody levels related to different time
points, CD4+ counts, or history of pneumocystosis (data
not shown).

90
80
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Figure. Sequential serum antibody responses to major surface gly-
coprotein C (MsgC) in HIV-positive patients with pneumocystosis.
Patients 1 and 2: antibody levels rose from 21.6 and 3.2 at base-
line (point 0) to 55.8 and 23.1 at 3—4 weeks and fell to 36.9 and
4.3, respectively, at 7-8 weeks; patient 3: antibody level showed
few changes from baseline until it rose to 77.1 at 5-6 weeks;
patient 4: antibody level remained at baseline level of 1.0 through-
out.
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Table 3. Antibody levels to major surface glycoprotein C in Pneumocystis pneumonia (PCP) patients by history of PCP and week of

observation*

No history of PCP

History of PCP

Week n Geometric mean (95% Cl) n Geometric mean (95% Cl)
Baseline (0) 59 41 (2.8-6.0) 19 42 (2.0-9.0)

1-2 18 9.9 (4.6-21.5) 6 3.9 (0.5-30.8)

3-4 11 17.9 (5.9-53.6)t 6 3.0 (0.7-12.1)

5-6 13 4.4 (2.6-7.4) 4 11

*n = no. patients who were observed at the specified follow-up time and at baseline. Cl, confidence interval.

1p<0.001 versus week 0.
FObserved values were equal.

Discussion

Recombinant antigens derived from P. jirovecii have
begun to attract attention as possible reagents for analyz-
ing antibodies to Pneumocystis in humans (14-19). We
have previously reported that HIV-positive, PCP-positive
patients in Cincinnati had a significantly higher frequency
and level of serum antibodies to MsgC than did HIV-posi-
tive, PCP-negative patients (17,18); this difference was not
found with MsgA or MsgB. These patients were selected
on the basis of a history of pneumocystosis and were clin-
ically healthy. The present pilot study has extended these
observations to HIV-positive patients hospitalized with
acute pneumonia due to P. jirovecii and other causes (con-
trols) in San Francisco. The goal of the first part of this
study was to determine if baseline antibody levels to the 3
Msg fragments in PCP patients differed from those in the
controls. Data showed that the geometric mean antibody
levels to MsgC, MsgA, and MsgB were similar in both
groups.

In the second part of this study, we analyzed the
sequential changes in antibody levels to the 3 Msg frag-
ments in P. jirovecii patients after treatment and recovery
from pneumocystosis. The results showed a significant rise
in mean antibody levels to MsgC that reached a peak at
3-4 weeks. In contrast to MsgC results, no significant
changes in antibody levels to MsgA or MsgB occurred at
any time point. The pattern of antibody reactivity to these
Msg fragments also differed to some degree from the pat-
tern of reactivity to MsgC. Taken together, these data sug-
gest that MsgC is the best Msg fragment to use to analyze
antibody responses in this population of HIV-positive
patients with active Pneumocystis pneumonia.

An antibody rise by 3-4 weeks occurred in 58% of the
Pneumocystis patients we studied. Of the potential host
factors that could affect antibody responses, we were most

interested in CD4+ cells, HIV RNA level, and previous
history of pneumocystosis. Patients with CD4+ cell counts
<50 cells/uL did not mount an antibody response, whereas
patients with CD4+ counts >50 cells/uL that peaked 3-4
weeks after diagnosis showed a vigorous antibody
response. In contrast to CD4+ count, mean viral load in P.
jirovecii patients was not associated with an increase in
antibody levels. Previous reports have shown that CD4+
cells and HIV itself affect antibody responses in HIV-pos-
itive patients, which can be reversed by highly active anti-
retroviral therapy (HAART) (22-24). In HIV-positive
patients who are severely immunocompromised and have
experienced opportunistic infections such as pneumocys-
tosis, however, this immune reconstitution may be incom-
plete (25). Perhaps some who did not respond to treatment
fall into this category, but we did not have information
about HAART use and immune reconstitution in this
cohort.

Our data showed that pneumocystosis patients with or
without a previous episode of the disease had similar base-
line antibody levels to MsgC; however, patients who expe-
rienced their first bout of PCP had better antibody
responses after recovery from the disease. Those who were
experiencing a recurrent bout of pneumocystosis may have
been unable to mount an antibody response to previous
episodes and remained at risk. CD4+ cell count or differ-
ences in the treatment of pneumocystosis might also play
a role in the ability of patients without a previous history
of pneumocystosis to mount an antibody response, but our
analysis was not powered to analyze multiple factors
simultaneously.

Comparison of our results with previous work is com-
plicated by the fact that these earlier studies were per-
formed in the pre-HAART era and involved crude or
native antigens. Analysis of whether a detectable antibody

Table 4. Antibody levels to major surface glycoprotein A in Pneumocystis pneumonia (PCP) patients by history of PCP and week of

observation*

Combined No history of PCP History of PCP
Week n Geometric mean (95% ClI) n Geometric mean (95% ClI) n Geometric mean (95% ClI)
Baseline (0) 78 5.6 (3.9-7.9) 59 5.8 (3.9-8.7) 19 4.7 (2.1-10.5)
1-2 24 12.0 (6.7-21.4) 18 13.7 (7.0-26.8) 6 7.6 (1.2-47.4)
3-4 17 11.5 (5.2-25.3) 11 13.7 (4.3-43.5) 6 7.3(1.1-48.9)
5-6 17 5.1 (2.3-11.3) 13 4.0 (1.9-8.2) 4 5.7 (0.2-207.9)

*n = no. patients who were observed at the specified follow-up time and at baseline. Cl, confidence interval.

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006

1235



RESEARCH

response to Pneumocystis antigens could develop in HIV-
positive patients who recovered from pneumocystosis pro-
duced conflicting results (9-11,26-30). One report showed
a rise in antibodies to native Msg in 43% of HIV-positive
patients; host factors such as CD4+ count or pO, could not
distinguish responders from nonresponders (13). A more
recent study that used different recombinant Msg con-
structs than we used found that HIV-negative, immuno-
compromised patients who recovered from pneumo-
cystosis had increased antibody levels, but HIV-positive
patients who recovered had lower levels and poor antibody
responses (16). One factor that may contribute to these dis-
parate results is antigenic variation, which involves differ-
ences in the Msg constructs themselves. We have
developed several variants of our current Msg construct
and found that they differ in their ability to distinguish
among HIV-positive patients who have and not have had
pneumocystosis (unpub. data). PCP patients exhibit greater
reactivity with multiple MsgC clones than do patients
without PCP or blood donors, but whether the antigens that
are recognized are cross-reactive or clone specific is
unclear. Further studies to identify broadly reactive MsgC
antigens associated with recovery from PCP, as well as
proteins (e.g., Kex1) encoded by single-copy genes, would
be of interest (19).

The sequential serologic results reported here, which
were obtained from a limited number of patients, provide
the basis for a large, prospective, multisite study of
sequential antibody responses to MsgC in HIV-positive
patients who have pneumonia caused by P. jirovecii and
other organisms. Serologic surveys need to be performed
in different areas to determine which Msg fragment is the
predominant fragment recognized by HIV-positive patients
and healthy persons. Standardizing Msg antigen prepara-
tions, ELISA conditions, and data analysis would be help-
ful so that serologic results could be reproduced in
different laboratories.

The development of a successful serologic test for
Pneumocystis infection will have clinical and epidemio-
logic applications. Serologic tests with MsgC might be
used in the diagnosis of pneumonia in situations (e.g., in
developing countries) in which a specific cause cannot be
established; in cohort studies to investigate the relationship
of serum antibody levels and the risk for, and recovery
from, Pneumocystis pneumonia; in seroepidemiologic sur-
veys and outbreaks of pneumocystosis; and in investigat-
ing the pathogenic role for P. jirovecii in chronic lung
diseases in which colonization of the organism has been
detected (5).

Support for this study was provided by Department of

Veterans Affairs (K.D., PW.) and the National Institutes of
Health R0O3 AI570636 (K.D.), K23 HL072117 (L.H.), K23
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HLO072837 (A.M.), NIH/NCRR K12 RR01175584-01 (K.C.), and
AACTG21.Pc, UOL Al25467, ROL Al Al06492, F33 Al06527
(P.W)).

Dr Daly is a senior research associate at the University of
Cincinnati. He joined the university in 1998 and has been study-
ing immune responses to Pneumocystis since then. His research
interests include viral and tumor immunology.
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POLICY REVIEW

Virulent Epidemics and Scope of
Healthcare Workers’ Duty of Care

Daniel K. Sokol*

The phrase “duty of care” is, at best, too vague and, at
worst, ethically dangerous. The nature and scope of the
duty need to be determined, and conflicting duties must be
recognized and acknowledged. Duty of care is neither fixed
nor absolute but heavily dependent on context. The normal
risk level of the working environment, the healthcare work-
er’s specialty, the likely harm and benefits of treatment, and
the competing obligations deriving from the worker’s multi-
ple roles will all influence the limits of the duty of care. As
experts anticipate the arrival of an avian influenza pandem-
ic in humans, discussion of this matter is urgently needed.

pidemiologists are warning against an impending pan-

demic of avian influenza that could kill several million
people (1). This possibility raises an urgent and thorny eth-
ical question: Are healthcare professionals obligated to
care for patients during virulent epidemics of infectious
disease?

Duty of Care

Duty of care, in the medical context, is often invoked as
a sort of quasi-biblical commandment, akin to “do not lie”
or “do not murder.” In a document submitted to the Severe
Acute Respiratory Syndrome (SARS) Expert Panel
Secretariat, Godkin and Markwell suggest that policy
guidelines on the duty of care (which they term duty to
care) should state that healthcare professionals’ duty to
care extends to a public health emergency in outbreak con-
ditions (2). The authors however suggest that healthcare
employers have a set of reciprocal responsibilities toward
their staffs, which include duties to inform, protect, and
support healthcare personnel. Singer et al., in an article on
the ethical issues raised by SARS in Toronto, briefly dis-
cuss the duty to care before concluding that the 9 authors
“could not reach consensus on the issue of duty of care,
particularly regarding the extent to which healthcare work-

*Imperial College, London, United Kingdom
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ers are obligated to risk their lives in delivering clinical
care” (3). The term “duty of care” (which I take to be syn-
onymous with duty to care) is, at best, too vague and, at
worst, ethically dangerous. For these reasons, the phrase
should be modified in favor of more specific descriptions
of the obligations of healthcare workers.

Special Obligation of Doctors to Benefit
Their Patients

By virtue of their profession, doctors and nurses have
more stringent obligations of beneficence than most. They
have obligations to a specified group of persons (their
patients) that nonmedical personnel have no obligation to
help. The term “duty of care” refers to these special obli-
gations. In its bare form, however, the phrase gives no
indication of the precise nature of the duty, nor of its lim-
its. Its definitional vagueness, combined with its rhetorical
appeal, may be used to justify actions without the need for
rational deliberation. During the SARS outbreaks in
Toronto, the phrase was often used as a self-standing argu-
ment for active involvement on the part of medical staff,
without any critical examination of its meaning. Used in
this manner, the term may become a subtle instrument of
intimidation, pressuring healthcare workers into working
in circumstances that they consider morally, psychologi-
cally, or physically unacceptable. The phrase duty of care
can thus be ethically dangerous by giving the illusion of
legitimate moral justification.

To be of any use, the phrase needs to be fleshed out. Are
there limits to the duty? Should doctors do everything in
their power to benefit their patients? The answer, surely, is
no. Doctors are under no moral obligation to donate one of
their kidneys to one of their patients, for example. They
may, of course, choose to do so, but their act would exceed
the demands of everyday morality. What distinguishes nor-
mal duty from acting beyond the call of duty, however, is
not always clear-cut; the boundary between the 2 cate-
gories is fuzzy (4).
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Contingency of the Limits of Duty of Care

Defining the limits of the duty of care is a daunting
task, strewn with philosophical and logistical difficulties.
As the example of the kidney-giving doctors shows, the
duty is not absolute but, rather, constrained by several
factors. First, the limits of the duty should be a function of
the normal risk level. A doctor practicing in Kinshasa,
Democratic Republic of Congo (DRC), for instance, is
going to incur more risk than a doctor in rural Dorset,
England. The diseases are many and the facilities few in
DRC. Every nurse or doctor, by accepting a post, is usual-
ly aware of the perils of treating infected patients. The
appearance of an exotic, highly virulent disease, however,
challenges healthcare workers to question their interpreta-
tion of the duty of care, in particular, its limits. This chal-
lenge was apparent both in the HIVV/AIDS epidemics of the
1980s in the United States and in the 2003 SARS out-
breaks in Toronto, in which doctors and nurses refused to
treat afflicted patients on the grounds that they presented
too great a danger (2,5). This phenomenon is also likely to
occur if the anticipated avian influenza epidemic affects
Western hospitals. In light of these historical precedents,
hospitals may want to inform prospective staff members of
what is expected in crisis situations before, rather than in
the midst of, an emergency. By using comparisons and sta-
tistics, hospitals could indicate the sorts of risks healthcare
staff are expected to handle.

Another factor in defining acceptable risk levels relates
to the healthcare worker’s specialty. Within the same hos-
pital, an emergency care physician, as a first responder to
many critically ill or injured persons, is obviously more at
risk than, for example, a dermatologist. By entering into a
specialty, doctors implicitly consent to a range of risks and
responsibilities associated with the job. The outer limit of
acceptable personal risk will fall further along the contin-
uum of risk for some specialists (e.g., infectious disease
physicians) than for others (e.g., dermatologists or
rheumatologists). During the SARS outbreaks in Toronto,
the persons most at risk were nurses and infectious dis-
eases (ID) specialists. As a result of their specialist train-
ing, they may have felt a stronger obligation to participate
than doctors in other areas of medicine.

Doctors as Multiple Agents

Doctors, although they belong to their own profession-
al community and adhere to its set of rules, are also part of
the broader community and therefore subject to the same
rights and duties as other members. The 2 spheres of obli-
gation, professional and personal, are both separate and
overlapping. They are separate in that the obligations of
doctors toward their patients give them rights that nonmed-
ical members of the society do not possess, such as open-
ing someone’s abdomen to remove an appendix. The
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spheres are overlapping, however, in that their role as doc-
tors does not completely absolve their responsibilities as
members of the broader community. The immunity from
sanction is specific, not general. A gynecologist may legit-
imately examine intimate parts of his or her patient but
cannot drive beyond the speed limit or steal apples from
the market stall. With the acquisition of additional duties
and rights conferred by the profession, the doctor also
agrees to relinquish certain rights enjoyed by others. By
entering into the profession, a doctor agrees not only to
abide by new rules but also to accept dangers that would
be unacceptable to many (e.g., performing a delicate, inva-
sive procedure on a patient with hepatitis or HIVV/AIDS).

In times of crisis, the duties deriving from doctors’ mul-
tiple roles may come into conflict. Doctors, for instance,
may have a duty to care for their SARS or avian influen-
za-infected patients as well as a duty to care for their own
children by protecting them (and hence themselves) from
infection. So a further problem with the duty to care, aside
from its vagueness, is that it fails to consider the holder of
the duty as a multiple agent belonging to a broader com-
munity. Doctors, in such situations, play several incompat-
ible roles—doctor, spouse, parent, for example—and they
must deal with them as best they can. The limits of the duty
of care are thus also defined by the strengths of competing
rights and duties.

Virtues of Patients and Their Duty of Care

Whereas much has been written on what makes a good
doctor, scant attention has been devoted to the good patient
(6,7). Pellegrino and Thomasma, in For the Patient’s Good,
devote a chapter to the “good patient” (8). “Patients,” they
write, “must relate to physicians in all of the virtuous ways
that govern human interrelationships and social conduct”
(8). The authors identify 4 key virtues for the good patient:
truthfulness, compliance, tolerance, and trust. The virtue
most pertinent to this discussion is tolerance. In their
examination of tolerance, Pellegrino and Thomasma men-
tion the patients’ need to understand the limitations and
fallibility of medicine and to care for the well-being of
their fellow patients (8).

The virtue of tolerance should also require patients to
acknowledge healthcare workers’ plurality of roles, as well
as their fears and concerns in the face of severe risk. If
these fears are well founded and reach such a level that
medical staff are worried for their life or that of their loved
ones, the virtuous patient ought to allow them to step down
from their role as caregivers. In such cases, insisting that
they continue in this role would reflect a lack of compas-
sion and understanding. Patients should be entitled to ask
for a replacement who is less anxious or prone to panic, but
they cannot force other persons to undergo extreme stress
against their wishes.
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When a physician visited the 1995 Ebola virus outbreak
in Kikwit (DRC), he found 30 dying patients in an aban-
doned hospital, left to care for themselves amid rotting
corpses, sometimes in the same bed (9). Was the last doc-
tor justified in leaving the patients, or should he or she
have been obliged to single-handedly treat the highly and
dangerously infectious Ebola patients? The answer
depends, at least in part, on the actual risk to the doctor and
the potential benefits (including the alleviation of pain and
distress) that his or her presence will bring to the patients.
If the actual risk for serious illness or death for the doctor
is low and the benefits of treatment substantial, then he or
she may have an obligation to remain. If, however, the lack
of protective equipment means that the chances of infec-
tion are high and no, or trivially small, benefits will result
for the patients (as is often the case with Ebola), then the
doctor may justifiably abandon the doomed patients.
Virtuous patients, aware of the high risk and the futility of
treatment, would not force a doctor to care for them in such
circumstances. Patients too have a duty to care for health-
care workers. Part of this duty is not to require doctors to
transcend the bounds of reasonable risk during treatment
and to respect and acknowledge their roles outside the
realm of medicine.

As potential participants in the drama and as holders of
a duty of care toward healthcare workers, the general pub-
lic also should be involved in setting limits to duty. Some
form of dialogue between the public and the medical pro-
fession, through the media, public consultations, and edu-
cational establishments, could help establish a mutually
acceptable set of limits.

Impact on Patient Trust

The justified abandonment of patients by doctors
arguably will result in the harm or even death of these
patients. Moreover, public trust in doctors will diminish as
persons realize that they, like the 30 forsaken Ebola
patients at Kikwit General Hospital, might be left on their
own as soon as the risk reaches a certain level. The patients
at Kikwit died alone, abandoned by both medical staff and
their own frightened relatives. So tragic is the situation that
it seems counterintuitive to justify the actions of the nurs-
es and doctors. Yet, before passing judgment, comparing
this situation with another hypothetical situation may be
useful.

If a swimmer in an isolated but supervised beach starts
to drown 50 meters from the shore, the lifeguard may rea-
sonably be expected to attempt a rescue. This, after all, is
the lifeguard’s duty as a qualified professional. If, howev-
er, the person is drowning 2 miles out and is surrounded by
a school of hungry, man-eating sharks, then one cannot
expect the solitary lifeguard to dive among the sharks to
save the swimmer, even if that means the swimmer will
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certainly die and even if the lifeguard has a small chance
of saving him or her (at great personal risk).

The lifeguard cannot be criticized for not interfering,
even though his or her prima facie duty is to rescue drown-
ing persons. Likewise, the fact that doctors can, in excep-
tional circumstances, refuse to treat patients does not
necessarily entail a moral wrong, no matter how serious
the consequences to the abandoned patients. As long as
patients hold realistic expectations of the limits of doctors’
duty of care, no trust should be lost when these limits are
transgressed.

Urgent Need

In the last 20 years, various outbreaks of severe infec-
tious diseases, from Ebola virus infection to SARS, have
highlighted the need for a more precise account of the
duties and obligations of healthcare professionals. The
impending avian influenza epidemic makes such an
account urgent. The concept of duty of care, in its bare
form, is too vague to be helpful. Its limits are not fixed, but
contingent on various factors, from the working environ-
ment’s normal risk level to the healthcare worker’s special-
ty and the range of other obligations that derive from his or
her multiple roles. To clarify this overlooked topic, empir-
ical social science research should be conducted to illumi-
nate the views and reasoning of physicians, patients, and
members of the public on the limits of the duty of care.
Philosophical reflection on the issue as well would do
much to clarify this overlooked topic. As dramatic as it
may sound, delineating the limits of the duty of care may
prevent large numbers of doctors from abandoning their
patients in a crisis. Such abandonment has happened in the
past and may occur again.

In light of the potentially catastrophic impact of avian
influenza on human health and economic well-being, this
topic should engender a burst of activity and debate in hos-
pitals, universities, and medical journals. We should
explore not only the nebulous limits of the duty of care but
also infection control measures, staff training and involve-
ment, the role of medical students and volunteers, the triag-
ing of incoming patients, and the logistics of treatment,
depending on the severity of the epidemic, as well as the
lessons learned from past epidemics. However difficult the
task, these issues should best be tackled now, in times of
relative calm, rather than in times of pandemic turbulence.
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DISPATCHES

Human and Canine
Pulmonary
Blastomycosis,
North Carolina,
2001-2002

Pia D.M. MacDonald,*f! Rick L. Langley,*
Susan R. Gerkin,t Michelle R. Torok,8
and J. Newton MacCormackt

We investigated a cluster of blastomycosis in 8
humans and 4 dogs in a rural North Carolina community.
Delayed diagnosis, difficulty isolating Blastomyces dermati-
tidis in nature, and lack of a sensitive and specific test to
assess exposure make outbreaks of this disease difficult to
study.

lastomyces dermatitidis is the etiologic agent of blas-

tomycosis, a fungal disease that affects humans and
animals, particularly dogs. The ecologic niche for B. der-
matitidis is not fully understood, although research sug-
gests acquisition of blastomycosis may be associated with
environmental conditions such as sandy soil, organic mat-
ter, waterways, and earth-disturbing activities (1-4). In
North America, the southeastern and south central states
and parts of the Midwest, Canada, and New York have
been identified as areas where the disease is endemic (1).
Most sporadic and outbreak cases have also been reported
from these regions (4). In states where blastomycosis is
reportable, the annual incidence is 1.3-1.4 cases per
100,000 persons. However, areas of hyperendemicity can
have rates of up to 41.9 cases per 100,000 persons (5).
Furthermore, incidence of this disease has been increasing
in certain regions (6). This report describes a recent cluster
of human and canine pulmonary blastomycosis that
occurred in rural North Carolina.

The Study

From November 2001 to February 2002, pulmonary
blastomycosis was diagnosed in 8 residents of a small
town in Duplin County, located in eastern North Carolina.
In contrast, 1 human case of pulmonary blastomycosis was
identified in Duplin County from January 1995 through

*Centers for Disease Control and Prevention, Atlanta, Georgia,
USA; tNorth Carolina Division of Public Health, Raleigh, North
Carolina, USA; tEast Carolina University, Greenville, North
Carolina, USA; and 8University of North Carolina, Chapel Hill,
North Carolina, USA
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June 2001. Four patients attended the same school. Three
cases of canine blastomycosis with onset in late December
2001 and January 2002 were also diagnosed by a veterinar-
ian in the same town; canine blastomycosis had not been
diagnosed for at least 7 years before 2002.

Active case finding was conducted from September
2001 to February 2002. Duplin County death certificate
and hospital discharge information was reviewed for blas-
tomycosis. Clinical laboratories and infection control pro-
grams for major hospitals in eastern North Carolina were
queried for blastomycosis or unusual pneumonia cases.
Workers at high occupational risk for blastomycosis (e.g.,
construction crews, cemetery workers, and county road
scrapers) were also contacted. All county veterinarians
were contacted to identify additional canine cases.

To explore commonalities among cases, surviving
patients or family members of dead patients were inter-
viewed by using a standardized questionnaire. Information
was obtained on patient demographics, recreational and
work-related activities, medical history, and pet owner-
ship. Information was limited to the hospital record for 1
patient. Because half of the patients attended the same
school, an environmental assessment of the school grounds
was performed. Finally, historical climatic data were
obtained to compare conditions during and before the out-
break. Demographic and clinical data for human cases are
summarized in Table 1.

The epidemic plotting of this outbreak suggests ongo-
ing exposure (Figure), as was the experience in previous
North Carolina blastomycosis outbreaks (7,8). However,
neither the epidemiologic investigation nor the environ-
mental assessment showed a common source for human
and canine exposure. The only commonality among the
students was involvement with different outdoor after-
school activities. The remaining patients did not frequent
the school grounds. Two of the adult patients lived within
0.4 km of each other. Otherwise, no commonalities were
noted in hobbies, occupation, or recreational activities
between patients. None of the canine cases had contact
with the patients or other infected dogs. One dog was pri-
marily an indoor dog; another was kept in an outside run
for 3 months before illness caused by suspected rabies
exposure. Symptom onset was first recognized in humans,
although the epidemic curve suggests that human and
canine patients were exposed during the same period.

Several environmental conditions, such as soil type and
pH, proximity to waterways, elevation of nearest water-
way, temperature, precipitation, and earth-disturbing activ-
ities might facilitate growth of B. dermatitidis and have
been associated with blastomycosis (1-4,9). Duplin
County is located in the middle coastal plain region of the

1Current affiliation: University of North Carolina
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Table 1. Demographic and clinical features of human
blastomycosis patients, Duplin County, North Carolina, 2001

Feature Value
Median age, y (range) 25 (15-82)
Race, no. (%)

African American 5(63)

White 3(37)
Sex, no. (%)

Male 6 (75)
Clinical signs and symptoms, no. (%)

Cough 5(71)

Fever 6 (86)

Chest pain 6 (86)

Shortness of breath 4 (57)
Clinical outcomes, no. (%)

Hospitalized 8 (100)

Pneumonia diagnosed 8 (100)

Failed antimicrobial drug treatment 8 (100)

Treated with itraconazole* 6 (75)

Survived 7 (87)

*One patient with multiple underlying medical problems was treated with
amphotericin B; another patient was treated with fluconazole.

state, 34 m above sea level, and is characterized by acidic
soil and multiple soil types. No major lakes or rivers are
located in the area of interest. Environmental conditions at
the home sites for patients are shown in Table 2.

The mean county temperatures were 13.8°C for
October through December 2001 and 12.1°C for these 3
months from 1996 to 2000. Mean total precipitation was
8.6 cm for October through December 2001 compared
with 21.3 cm for these 3 months for 1996 to 2000.

During the fall of 2001, two construction projects were
taking place at the school, and crops were harvested in a
newly cultivated field near the school. However, nonstu-
dent patients had no known contact with the school
grounds. Furthermore, no one with high occupational risk
for exposure had symptoms consistent with blastomycosis
during the time of interest.

Conclusions

This investigation underscores the difficulty in identify-
ing the source for a blastomycosis outbreak. Little success
has been achieved in isolating B. dermatitidis from soil,
especially without a potential common exposure site (10).
Because the median incubation period for blastomycosis is
30-45 days (11) the environmental conditions at the expo-

Human and Canine Pulmonary Blastomycosis
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Figure. Epidemic curve of a human and canine pulmonary blasto-
mycosis outbreak, North Carolina, 2001-2002.

sure site often differ between the exposure period and the
time of the outbreak investigation. No investigations,
including 2 other investigations in North Carolina, have
achieved cultural confirmation of an environmental source
in the absence of good epidemiologic evidence (7,8). For
this reason, environmental testing was not performed in
this investigation. Sources suggest that canine blastomyco-
sis might predate human cases (12), but human cases were
identified first in this cluster.

Although isolating B. dermatitidis from the environ-
ment is challenging, certain conditions have been associat-
ed with blastomycosis in earlier outbreaks and may have
contributed to this one. For example, the acidic pastureland
of the area and proximity of patient homes to low-lying
waterways are both consistent with sites of other outbreaks
(2,4,9). Although excavations have been implicated in pre-
vious outbreak investigations of blastomycosis (1,3), the
earth-disturbing activities in this outbreak could not
account for nonstudent patients. Although most patient
home sites were located on soils containing sand, none
were pure sand. Humidity and precipitation may encour-
age release of B. dermatitidis spores (1,3). In North
Carolina, the average relative humidity does not vary
greatly from season to season but is generally highest in
winter (13). Precipitation during the months in question
was diminished compared with the previous 5 years, and
only 3 days of rain were recorded in November 2001.

Diagnostic testing for blastomycosis can be problemat-
ic. Because of poor sensitivity and specificity, the skin test
antigen blastomycin is not available, and serologic tests
also show poor specificity (14). The diagnostic standard is

Table 2. Environmental conditions at human blastomycosis patients’ homes, Duplin County, North Carolina, 2001*

Proximity to nearest  Proximity to nearest

Elevation of nearest

Elevation of nearest

Patient major stream, m minor stream, m major stream, m minor stream, m Soil type

1 4575.21 498.07 25.48 36.65 Norfolk loamy sand

2 3,047.30 398.11 25.03 32.98 Marvin and Gritney

3 6,602.32 1,073.54 39.36 36.04 Woodington loamy fine sand
4 4105.22 591.10 44.84 40.82 Rains fine sandy loam

5 3,541.88 767.95 44.84 39.65 Rains fine sandy loam

6 4773.45 395.70 44.84 39.13 Goldsboro loamy sand

*Home site address was unavailable for 2 case-patients.
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visualization of the yeast form of B. dermatitidis in a clin-
ical specimen (11). Culture is ideal, but the organism may
take up to 5 weeks to grow (15). Furthermore, obtaining a
positive specimen may require invasive techniques.
Finally, a user-friendly rapid test to determine population
exposure is not available for blastomycosis.

This report illustrates the challenges to investigating
blastomycosis clusters. Research suggests that rapid
growth of B. dermatitidis may be promoted by local envi-
ronmental conditions, which may have been the case in the
present outbreak. However, outbreak investigations of this
rare but potentially serious condition would be more con-
clusive with the ability to isolate the organism from the
environment, timely diagnosis of the disease, and avail-
ability of a sensitive and specific screening test to assess
population exposure.
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West Nile Virus
Epizootiology,
Central Red River
Valley, North
Dakota and
Minnesota,
2002-2005

Jeffrey A. Bell,* Christina M. Brewer,*
Nathan J. Mickelson,* Gabriel W. Garman,*
and Jefferson A. Vaughan*

West Nile virus (WNV) epizootiology was monitored
from 2002 through 2005 in the area surrounding Grand
Forks, North Dakota. Mosquitoes were tested for infection,
and birds were surveyed for antibodies. In 2003, WNV was
epidemic; in 2004, cool temperatures precluded WNV
amplification; and in 2005, immunity in passerines
decreased, but did not preclude, WNV amplification.

West Nile virus (WNV) is a flavivirus with an enzoot-
ic cycle that involves primarily mosquitoes and
birds in the order Passeriformes. Since its introduction into
the northern prairies of the United States in 2002, WNV
has flourished. In 2003 and 2005, the prairie states of
North Dakota, South Dakota, and Nebraska recorded the
highest incidence of cases in humans (per 100,000 county
residents) for the entire United States (1). Although WNV
is still new to the region, the ecology of the northern prairie
seems to offer favorable conditions for its continued
enzootic transmission. This report chronicles the initial
establishment of WNV within the central Red River Valley
of eastern North Dakota and northwestern Minnesota
(Figure).

The Study

Host-seeking mosquitoes were collected in and around
Grand Forks, North Dakota, by using Mosquito Magnet
traps (American Biophysics Corp., North Kingston, RI,
USA) for 4 transmission seasons, from early summer 2002
through fall 2005. Mosquitoes were sorted by species and
tested for WNV by using reverse transcriptase PCR assays.
WNV was detected only in Culex tarsalis (2).

Passerine birds in and around Grand Forks were sur-
veyed for antibodies to WNV for 3 transmission seasons:

*University of North Dakota, Grand Forks, North Dakota, USA
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June 24-October 27, 2003, April 4-July 7, 2004, and May
17-August 11, 2005. In 2003 and early 2004, birds were
captured by using mist nets, blood (<0.1 mL) was
obtained by brachial venipuncture, and birds were
released. Later in 2004 and in 2005, necropsies were per-
formed on dead birds. Blood spots were placed on filter
paper and later eluted in 250 pL saline. Samples were test-
ed for anti-WNV antibodies by using a qualitative epi-
tope-blocking ELISA (3).

This is the first report of seroprevalence of WNV in
passerines in the northern prairies. A total of 277 birds (11
species) were tested (Table 1). In 2003, seroprevalence
was relatively low (17%). The first seropositive bird was
captured July 24, 2003, 4 days after the first WNV-positive
pool of Cx. tarsalis was detected (2). Most seropositive
birds (11 of 14) were collected in September, when migra-
tory species were leaving and vector populations were
waning. Thus, a lag occurred between peak abundance of
infected vectors in mid- to late August 2003 (2) and sero-
conversion of passerines. Seroprevalence rates were sig-
nificantly higher in 2004 and 2005 than in 2003 (Table 1,
Fisher exact tests, p<0.0001) and were higher than most
seroprevalences reported for passerines in the eastern and
southeastern regions of the United States (4-6). All passer-
ine species sampled in 2004 and 2005 contained seroposi-
tive birds, which indicated that all these species were
preyed on by vectors regardless of differences in their nest-
ing habitats (e.g., cattail marshes, peridomestic). American
robins, common grackles, and red-winged blackbirds
showed increased seroprevalence from 2003 to 2004. High
seroprevalence was maintained in passerines in 2005
despite low WNV activity (i.e., low natural boosting) dur-
ing 2004 (2), which suggests that passerine immunity to
WNV may last longer than a single season (7,8).

Surprisingly, American crows had a high seropreva-
lence to WNV. Previous laboratory and field studies have
indicated that most American crows die so quickly from
WNV infection that they never have time to seroconvert
(9-11). Why crows in the Red River Valley survive WNV
infection is not known. One possibility is that WNV has
undergone genetic changes with a concurrent loss in viru-
lence as it spread westward from forest ecosystems with

Manitoba

Grand Forks
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Figure. Red River Valley of North Dakota, Minnesota, and
Manitoba.
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Table 1. Prevalence of antibodies against West Nile virus (WNV) in 11 species of passerine birds sampled within the central Red River

Valley of North Dakota and Minnesota during 2003, 2004, and 2005

% birds with antibodies to WNV (n)

Common name Scientific name 2003 2004 2005
American crow Corvus brachyrhynchos - 33 (6) 50 (6)
American robin Turdis migratorius 18 (17) 50 (6) 38 (26)
Brown-headed cowbird Molothrus ater - - 17 (6)
Blue jay Cyanocitta cristata 50 (4) - 87 (8)
Brewer’s blackbird Euphagus cyanocephalus - - 33 (3)
Common grackle Quiscalus quiscula o\ 71 (14) 63 (67)
Eastern kingbird Tyrannus tyrannus - - 100 (3)
European starling Sturnus vulgaris - 100 (2) 67 (3)
Gray catbird Dumetella carolinensis - 75 (4) -
House sparrow Passer domesticus 20 (45) - 50 (2)
Red-winged blackbird Agelaius phoeniceus 0(5) 50 (20) 63 (19)
Total 17.1 (82) 57.7 (52) 57.3 (143)

Cx. pipiens and Cx. restuans as its primary vectors into
prairie ecosystems with Cx. tarsalis as its primary vector
(2,12,13).

Annual data on seroprevalence in passerines, environ-
mental temperatures, reporting of human cases, and mini-
mum infection rates (MIR) in vector populations are
summarized in Table 2.

Conclusions

Environmental conditions from 2002 to 2005 produced
a natural field experiment, which demonstrated the differ-
ing magnitudes by which environmental temperature and
host immunity affected local WNV activity. Despite warm
temperatures and high vector abundance, WNV activity
was low during its introductory year (2002), as indicated
by low numbers of human cases, undetectably low season-
al MIR, and by low seroprevalence in passerines in 2003.
Because WNV had only recently arrived, presumably there
was neither sufficient time nor number of infection nidi to
promote extensive amplification cycles. However, 2003
was an epidemic year for WNV, as indicated by the
increased number of human cases statewide and the high

MIR in the local vector population. The relatively low
level of immunity in passerines at the time also likely con-
tributed to the epidemic. In 2004, unusually cool environ-
mental temperatures prolonged vector larval development,
adult emergence, and the arboviral extrinsic incubation
period. As a result, duration of the 2004 transmission sea-
son was nearly half that of the preceding seasons (Table 2).
Thus, WNV activity during 2004 was low (i.e., reduced
vector abundance, number of human cases, and seasonal
MIR), and the virus had insufficient time to undergo exten-
sive amplification cycles, similar to the situation that
occurred during the introductory year of 2002.

However, the epidemic conditions of 2003 had pro-
duced a high level of herd immunity in the local bird pop-
ulation in 2004. This immunity carried over into 2005.
(Note: most migratory passerine species live for several
years and return each year to the same general locale to
breed.) In 2005, environmental temperature, length of
transmission season, and vector abundance were all nearly
identical to those of the epidemic year of 2003. Yet the
intensity of WNV activity during 2005 was considerably
less than that during 2003. The big difference between

Table 2. Epizootiology of West Nile virus (WNV) within the central Red River Valley of North Dakota and Minnesota during the first 4

years of its introduction into the region*

Primary Thermal Human
transmission accumulations Vector cases in Seasonal Passerine
Year seasont (degree-days)t abundance§ NDY MIR# seroprevalence
2002, introductory 92 days 1,067 230 17 0.0 No birds tested
(11 Jun—10 Sep) (n=5,871)
2003, epidemic 92 days 1,022 21 617 57 17%
(11 Jun—10 Sep) (n=5,432) (n=82)
2004, cold 51 days 371 0.0 58%
(7 Jul-1 Sep) (n=1,245) (n=52)
2005, equilibrium? 84 days 867 1.3 57%
(20 Jun—11 Sep) (n=3,123) (n =143)

*ND, North Dakota; MIR, minimum infection rate.

tTime between first and last appearances of host-seeking Culex tarsalis mosquitoes in Mosquito Magnet traps.

}Based on developmental threshold temperature of 14.3°C for WNV growth in Cx. tarsalis (14).

§Average number of Cx. tarsalis mosquitoes captured per trap-night in Grand Forks, ND.

{|Data from North Dakota Department of Public Health (75).
#No. of WNV-infected Cx. tarsalis mosquitoes per 1,000.
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2003 and 2005 was the level of immunity in passerines.
The high prevalence of immunity during 2005 may have
contributed to preventing another epidemic, but it did not
totally eliminate WNV activity. Levels of WNV activity
during 2005 (as measured by human cases and mosquito
MIR) were intermediate between those of the epidemic
year (2003) and both the introductory year (2002) and the
coldest year (2004). Thus, environmental temperature dic-
tated the ultimate success (or more precisely, the failure) of
WNV amplification within the central Red River Valley
during 2004, whereas even high levels of herd immunity
among the reservoir population exerted only a moderating
effect on WNV activity during 2005.

Whether the level of WNV activity observed during
2005 will be representative of the arbovirus’s natural equi-
librium within the central Red River Valley remains to be
seen. One uncertainty is how seasonal transmission is ini-
tiated. Is WNV reintroduced every spring through infected
migratory birds or wind-blown mosquitoes from the
south? Or does WNV survive the harsh winters inside
mosquitoes undergoing diapause, only to reemerge in the
spring? Either or both of these scenarios could be correct,
but one conclusion is certain: the incidence of WNV dis-
ease in horses from North Dakota during June of 2002 and
again in May of 2005 (15) indicates that WNV becomes
active in the northern Great Plains well in advance of the
first summer brood of its primary vector, Cx. tarsalis (2).
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O’nyong-nyong
Virus, Chad

Maél Bessaud,* Christophe N. Peyrefitte,*
Boris A.M. Pastorino,* Patrick Gravier,*
Fabienne Tock,* Fabrice Boete,t
Hugues J. Tolou,* and Marc Grandadam*

We report the first laboratory-confirmed human infec-
tion with O’nyong-nyong virus in Chad. This virus was iso-
lated from peripheral blood mononuclear cells of a patient
with evidence of a seroconversion to a virus related to
Chikungunya virus. Genome sequence was partly deter-
mined, and phylogenetic studies were conducted.

n November 2, 2004, a febrile 19-year-old French sol-

dier staying in Chad and returning from a mission in
Sarh, in the southern part of the country, was admitted to
the hospital. Clinical examination showed a high body
temperature (38°C), rash, periocular erythema, and
pharyngitis. Abdominal, cardiopulmonary, and neurologic
functions were normal. Except for body temperature, bio-
chemical and hematologic values were normal. Serologic
results were negative for Rickettsia typhi, R. conorii,
Legionella pneumophila, Bordetella pertussis, HIV, and
human herpesviruses 1 and 2. Results of malaria testing
were also negative. The patient received intravenous
acetaminophen for 2 days, according to the protocol used
by the French Armed Forces Medical Service in the event
of fever occurring overseas. He recovered after 5 days
without sequelae.

Serum samples, collected during the acute phase
(November 3-5, 2004) and after (November 23 and
December 7, 2004; January 10 and February 1, 2005)
were transported to our laboratory and tested by ELISA
for immunoglobulin M (IgM) and IgG antibodies to a bat-
tery of arboviruses by IgM-antibody capture (MAC-
ELISA) and antigen-capture ELISA, respectively (1).
Each serum sample was considered positive if the optical
density (OD) ratio, OD (viral antigen)/OD (uninfected
cells), was >3. The first sample (November 3, 2004) con-
tained no antibodies (OD ratio <2) to dengue viruses,
West Nile virus, Wesselsbron virus, Rift Valley fever
virus, Bunyamwera virus, or Chikungunya virus
(CHIKV). Remaining samples contained antibodies to a
virus serologically related to CHIKV (OD ratios >3) for
both IgM (sample 2 and following samples) and IgG
(sample 3 and those following). Antibody titers peaked 20

*Institut de médecine tropicale du Service de santé des armées,
Marseille, France; and tCabinet médical d'unité, Commercy,
France
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days (IgM) and 68 days (1gG) after the onset of symptoms
(Figure 1). The IgM titer returned to a low level within 2
months after onset of illness.

Results of CHIKV-specific real-time reverse transcrip-
tion—PCRs (2) performed with serum samples as templates
were negative. Virus isolation was attempted by incubation
of peripheral blood mononuclear cells collected on the day
of onset with C6/36 (Aedes albopictus) and Vero (E6
clone) monolayers. After 5 days, supernatants were col-
lected and used to infect fresh cell cultures. After 2 days,
cytopathologic effects were observed in Vero monolayers;
a high level of cell death was also observed in C6/36 cells.
Infected Vero and C6/36 cells were then examined by indi-
rect immunofluorescence assay (IFA) for 8 different
alphaviruses with alphavirus-specific antibodies and in-
house mouse hyperimmune ascitic fluids to CHIKYV,
Mayaro (MAYV), Tonate (TONV), Semliki Forest (SFV),
and Sindbis (SINV) viruses. Results of IFA were positive
when alphavirus-specific antibodies and antibodies to
CHIKV, MAYV, and TONV were used; no fluorescence
was observed when antibodies to SFV and SINV were
used at the dilution 1:200.

CHIKV-specific real-time RT-PCRs were negative
when cell culture supernatants were used as samples; this
result excluded CHIKV as the etiologic agent. We next
used cM3W and M2W2 alphavirus-specific primers (3) to
partially amplify viral genome by RT-PCR. The RT-PCR
product was sequenced (GenBank accession no.
DQ381540, isolate IMTSSA/5163) and used in a BLAST
search that identified O’nyong-nyong virus (ONNV, E
value 6e-130),

Viral RNA was amplified for phylogenetic studies by
using ONNV-specific primers for nsP3, E2, and E1
sequences (primer sequences are available on request). RT-
PCR products (614, 728, and 1080-nt long, respectively)
were sequenced (GenBank accession nos. DQ383272,
DQ383273, and DQ399055, respectively) and compared
with ONNV sequences available on GenBank database;
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Figure 1. Immunoglobulin M (IgM) (O) and 1gG (A) titer in serum.
For all samples, antibody titers were determined by serial dilution
assays. Antibody titer is defined as the reciprocal of the highest
dilution of serum that yields a positive serologic reaction.
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alignments were performed with ClustalwW 1.7 software.
Comparison of partial sequences showed a high degree of
homology between the virus we isolated in Chad and
strains previously isolated. In all 4 regions sequenced,
paired identity at the nucleotide and amino acid level
ranged from 92% to 98% and from 95% to 98%, respec-
tively. Compared with ONNV isolate Gulu, the nsP3
sequence of our isolate featured a glycine-encoding codon
deletion (nt 5249-5251, according to ONNV strain Gulu
numbering). This deletion was also observed in ONNV
strains SG650 and 1bH10964, which might indicate a com-
mon lineage.

Four phylograms were constructed, each based on 1
genomic region we sequenced. Among ONNYV sequences,
all 4 phylograms exhibited a similar pattern: ONNV isolate
IbH 10964 (Nigeria) and ONNV strain SG650 (Uganda)
seemed to be closely related, whereas isolates Gulu
(Uganda) and IMTSSA/5163 (Chad) were placed in 2 dif-
ferent branches (100% bootstrap value in the 4 phylo-
grams). The phylogenetic tree based on El-encoding
sequence (1080-nt long) gave the opportunity to include 2
other ONNV sequences (Figure 2).

ONNV (family Togaviridae, genus Alphavirus) was
first isolated from human blood and anopheline mosqui-
toes in Gulu, Uganda, in 1959 (4) and has been responsi-
ble for several outbreaks in humans that occurred in East
Africa (Kenya, Uganda, Tanzania, Malawi, Mozambique).
Fever, headache, joint pains, and rash were the principal
signs and symptoms (5,6). Virus isolations from human
and animal sera as well as from Anopheles funestus and A.
gambiae have been reported in East Africa (7,8). Human
and animal infections based on serologic evidence have
also been reported in Nigeria, Ghana, and Sierra Leone
(9,10). ONNV was also isolated from sentinel mice in
Senegal and caused an outbreak in C6te d’lvoire in the
1980s (11). To our knowledge, ONNV had never before
been isolated in Chad.

The Sarh region, where the patient was infected, con-
sists predominantly of plains covered with a mixture of
grasses and woodlands. This region receives heavy rainfall
during the 6-month rainy season, from May to October. To
our knowledge, no recent data are available concerning the
presence of Anopheles spp. in this region. Patient infection
occurred outside any reported outbreak involving ONNV
or another arbovirus. Moreover, the mission involved 9
other French soldiers whose serum specimens, collected a
few weeks after their return from Sarh and transported to
our laboratory, did not show serologic evidence of infec-
tion with an alphavirus.

SFV antibodies failed to detect ONNV by IFA,
although both viruses are members of the same antigenic
complex (12). The distribution of ONNV strains observed
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Figure 2. Phylogenetic tree of O’nyong-nyong virus (ONNV) based
on partial E1 nucleotide sequence. Phylogram was constructed
with MEGA 2 program (http://megasoftware.net/mega2.html) and
tree drawing used the Juke-Cantor algorithm for genetic distance
deter of divergence). CHIKV (Chikungunya virus), SFV (Semliki
Forest virus), MAYV (Mayaro virus), and SINV (Sindbis virus)
sequences have been introduced for correct rooting of the tree.

in the phylograms seemed to be independent of viral isola-
tion locations or years. This finding suggests either a high
level of viral genomic sequence stability over time or the
circulation of ONNV strains across Africa, which has
given rise to a mixing of ONNV strains from different ori-
gins in the same areas. However, because of the limited
number of sequences available for genetic comparison,
this observation on the distribution of ONNV strains needs
confirmation.

In the absence of virus isolation, the diagnosis of infec-
tions with ONNV is difficult because of the close antigenic
relationship of this virus with other alphaviruses, especial-
ly CHIKV. Development of a specific serologic assay for
ONNV within the SFV antigenic complex would be a
valuable tool for diagnosis and surveillance studies.
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O’nyong-nyong virus
[0-nyong’nyong]

O’nyong-nyong means “severe joint pain” in the
language of the Acholi people of East Africa.
O'nyong-nyong virus was first isolated in
Uganda in 1959 at the beginning of an outbreak
that spread to Kenya, Tanzania, Zaire, Malawi,
and Mozambique. One of the largest arbovirus
epidemics ever recorded, the outbreak lasted
until 1962 and affected >2 million persons. A
species of the genus Alphavirus and closely relat-
ed to chikungunya virus, O’nyong-nyong Virus is
transmitted by the bite of anopheline mosquitoes
and causes an acute, self-limited, febrile illness
characterized by lymphadenitis and joint pain.
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Human Bocavirus
INn French Children

Vincent Foulongne,* Yann Olejnik,*
Virginie Perez,* Stéphane Elaerts,*
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Human bocavirus (HBoV), a new member of the genus
Bocavirus in the family Parvoviridae, has been recently
associated with respiratory tract infections. We report the
epidemiologic and clinical features observed from a 1-year
retrospective study of HBoV infection in young children
hospitalized with a respiratory tract infection.

Viral respiratory tract infections cause a substantial
amount of illness and death in children. Respiratory
syncytial virus (RSV), influenza A and B viruses, parain-
fluenza viruses, human adenoviruses, rhinoviruses, coron-
aviruses, and the more recently identified human
metapneumovirus (HMPV) all cause respiratory tract
infections. However, in a substantial proportion of respira-
tory tract infections, no etiologic agent is detected (1),
which suggests unknown pathogens. A previously
unknown virus likely involved in children’s respiratory
tract infections has been recently described in Sweden (2)
and was also identified in Australia (3) and Japan (4). This
newly identified virus shares a high sequence identity and
a similar genomic organization with bovine parvovirus and
canine minute virus, 2 related members of the Bocavirus
genus in the Parvovirinae subfamily of the Parvoviridae
family, and it was provisionally named human bocavirus
(HBoV).

To investigate epidemiologic features of this virus and
further specify clinical signs associated with HBoV infec-
tions, we retrospectively tested respiratory specimens from
children obtained during a 1-year period. We report the
incidence and seasonal distribution of HBoV, provide a
phylogenetic analysis of HBoV isolates, and describe clin-
ical characteristics of HBoV infection.

The Study

The study sample comprised 589 children <5 years of
age who were admitted to a pediatric unit of the University
Hospital of Montpellier (France) for acute respiratory tract
disease, from November 2003 to October 2004. They were
306 boys and 283 girls with a median age of 7 months
(range 2 days—60 months). Nasopharyngeal aspirates from
these children were tested for common viral respiratory
pathogens as previously described (5). Samples were test-
ed for respiratory viruses by direct immunofluorescence

*Montpellier University Hospital, Montpellier, France
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assays with monoclonal antibodies to RSV; influenza A
and B viruses; parainfluenza type 1, 2, and 3 viruses; and
human adenovirus. Samples were also injected into MRC5
cell monolayers for virus isolation, and they were tested
for HMPV by reverse transcription PCR. Aliquots of sam-
ples and of nucleic acid extracts were stored at —80°C.

Nucleic acid extracts were tested for HBoV DNA by
PCR with primers targeting the predicted NP1 gene (2). A
negative control was included in each PCR run. All HBoV-
positive samples were quantitated by real-time PCR with a
second sample aliquot. For quantitating HBoV DNA in the
positive samples, the 354-bp NP1 PCR fragment was
cloned into pGEM-T Easy Vector (Promega,
Charbonniéres, France). The obtained HBoV-NP1 plasmid
was used as control in a subsequent 5’-exonuclease-based
real-time PCR assay performed on a LightCycler 2.0
(Roche Diagnostics, Meylan, France) with 2 inner primers
(BocaRT1, 5-CGAAGATGAGCTCAGGGAAT-3" and
BocaRT2, 5-GCTGATTGGGTGTTCCTGAT-3") and a
FAM/TAMRA dually labeled probe (5-FAM-CACA.-
GGAGCAGGAGCCGCAG TAMRA-3). Amplification
was performed on 10 puL nucleic acid extract with 0.5
umol/L both primers and probe and 3 mmol/L MgCl, with
FastStart DNA Hybridization Mix (Roche Diagnostics).
For quantitation, standard curves were generated by 10-
fold dilutions of the pGEM-T HBoV NP1 plasmid.
Sensitivity of the PCR assay was 50 copies per reaction as
determined by dilutions of the plasmid. DNA level in the
HboV-positive samples was measured by using the
LightCycler control DNA kit (Roche Diagnostics). Results
were expressed as log HBoV DNA copies per nanogram of
extracted DNA.

We identified 268 viruses in 259 (44.0%) of the 589
children. Of the 589 children, 165 (28.0%) were infected
with RSV, 50 (8.5%) with HMPV, 18 (3.1%) with influen-
za A viruses, 18 (3.1%) with rhinoviruses, 9 (1.5%) with
parainfluenza type 3 viruses, and 8 (1.3%) with human
adenoviruses.

Nasopharyngeal aspirates were positive for HBoV in 26
children (4.4%). Among these HBoV-infected children, 9
(34.6%) were coinfected with another respiratory virus: 5
with RSV, 2 with HMPV, and 2 with human adenovirus.
The median HBoV viral load was 2.61 log copies/ng of
DNA (range 1.26-4.26 log copies/ng of DNA). The sea-
sonal distribution of respiratory viruses is shown in
Figure 1; HBoV was detected from December to June.

Seven HBoV isolates (corresponding to 1 isolate per
month) were selected for sequence analysis of a 1-kb
DNA fragment encompassing the VP2 gene.
Amplification and sequencing primers were as follows:
BocaSEQ1l (5-AAAATGAACTAGCAGATCTTGATG-
3), BocaSEQ4 (5-GAACTTGTAAGCAGAAGCAAAA
3), BocaSEQ2 (5-GTCTGGTTTCCTTTGTATAGGAGT-

1251



DISPATCHES

80 140
8 Influenza A
70 EERSV 120
60 CEHMPV
. HBoV 100
E 50 1 Other respiratory viruses® 2
2 -= Whale samples 80 =
- £
o w
=z (1
30 £
20 40
10 20
0 L R | B d}| [hj wl om o g

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Figure 1. Seasonal distribution of infections caused by human
bocavirus (HBoV), human metapneumovirus (HMPV), respiratory
syncytial virus (RSV), influenza A virus, and other respiratory virus-
es during the 1-year study period (November 2003-October
2004). *Other viruses include parainfluenza virus type 3, human
adenoviruses, and picornaviruses.

3), and BocaSEQ3 (5’-GACCCAACTCCTATACAAAG-
GAAAC-3’). These HBoV VP2 sequences were deposited
in GenBank under accession numbers AM160609 to
AM160615. The nucleotide sequences were aligned, and
a phylogenetic tree was constructed to include the 2 pre-
viously deposited HBoV sequences ST1 and ST2 as well
as the VP2 sequences of canine minute virus
(NC_004442) and bovine parvovirus (NC_001540). The
VP2 gene of human parvovirus B19 (NC_000883) was
chosen as outgroup to root this tree (Figure 2). Our VP2
sequences shared 97.5%-100% nucleotide identity with
the HBoV prototype strains ST1 and ST2, whereas amino
acid identity was 98.9%-100%.

HBoV ST1
HBEoV-MPT4

HBoV-MPTS
HBoV-MPT3

HBoV-MPT1

HBoV-MPT7
HBoV ST2

HBoV-MPTE

HBoV-MPT2

BPV
mvc

Parvovirus B19

Figure 2. Phylogenetic analysis of human bocavirus (HBoV) VP2
sequences. Viruses detected in the present study are prefixed
HBoV-MPT, followed by the isolate number (GenBank accession
nos. AM160609 to AM160615). The nucleotide sequences were
aligned with the ClustalW software. Phylogenetic trees were con-
structed by neighbor-joining through the Institut Pasteur website
(http://www.pasteur.fr) with the DNADist and neighbor-joining soft-
ware packages of the PHYLIP program. The default transition to
transversion ratio of 2.0 was retained. We computed 100 bootstrap
datasets with random sequence addition to generate consensus
trees. BPV, bovine parvovirus; MVC, canine minute virus (minute
virus of canine).
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The 26 HBoV-infected children had a median age of 13
months, and the ratio of boys to girls was 1.9. The median
duration of hospital stay was 4 days (range 2-39 days).
Bronchiolitis was the leading diagnosis, and upper respira-
tory pathologic features were uncommon. The clinical
signs and symptoms among children with HBoV are
shown in the Table. The predominant symptoms were dys-
pnea, respiratory distress, and cough. Half of the children
had fever (temperature >38°C). Chest radiographs were
obtained for 18 HBoV-infected children, and 15 of them
(83.3%) showed abnormal findings, such as hyperinflation
or interstitial infiltrates. History of asthma or previous
bronchiolitis episodes were reported in 6 HBoV-infected
children (23.0%). Three children (11.5%) had an underly-
ing disease (1 congenital heart disease and 2 chronic respi-
ratory diseases), and 7 (26.9%) were born preterm (<36
weeks). Laboratory parameters such as oxygen saturation,
C-reactive protein level, or leukocyte count were not rele-
vant in this context.

Table. Characteristics of 26 children infected with HBoV*

Characteristic Value
Demographic data
Age (mo), median (range) 13 (4-43)
No. boys/no. girls 17/9

Virologic data
HBoV viral load (log copies/ng DNA),
median (range)
Viral coinfection,T no. (%)

Laboratory findings
CRP (mg/L), median (range), n = 22
Leukocytes (x103/pL), median (range),
n=24

2.61 (1.26-4.26)
9 (34.6)

13.5 (<5-166)
13.2 (7.7-32.0)

Sa0, (%), median (range), n =17 93 (68-99)
Chest radiographic findings, no. (%), n =18
Hyperinflation 14 (72.2)
Infiltrate 7 (38.8)
Atelectasis 2(11.1)
Normal 3(16.6)
Clinical findings, no. (%)
Temperature >38°C 13 (50.0)
Cough 13 (50.0)
Dyspnea, wheezing 14 (53.8)
Respiratory distress 14 (53.8)
Rhinorrhea, pharyngitis 8 (30.7)
Otitis 4(15.4)
Final diagnosis, no. (%)
Bronchiolitis 12 (46.1)
Pneumonia 3(11.5)
Asthma 7 (26.9)
Upper respiratory tract infection 4(15.4)

*HBoV, human bocavirus; CRP, C-reactive protein; SaO,, arterial oxygen
saturation.

TRespiratory syncytial virus (n = 5), human metapneumovirus (n = 2), and
adenovirus (n = 2).
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Conclusions

Our data indicate that among children <5 years of age
hospitalized with a community-acquired respiratory tract
infection, HBoV was detected in 4.4% and represented the
third most likely etiologic agent after RSV and HMPV.
This 4.4% incidence is in accordance with the values of
3.1%, 5.6%, and 5.7% reported by Allander et al. (2),
Sloots et al. (3), and Ma et al. (4). HBoV was detected
from December to June, which suggests an epidemiologic
difference with respiratory viruses such as RSV, HMPV, or
influenza A virus (Figure 1). The absence of HBoV circu-
lation during summer and early fall needs further confir-
mation. Indeed, this finding might be in part explained by
the low number of samples collected during this period.

We previously showed that the HBoV NP1 gene dis-
played limited sequence variation (6). In the present study,
we also observed only minor sequence variations in the
VP2 gene, which suggests that the diverse strains of HBoV
belong to a unique lineage. This low genetic diversity of
HboV was also reported by Sloots et al., who analyzed the
NS1 gene (3).

HBoV infections were mainly identified in children
with lower respiratory tract diseases such as bronchiolitis.
HBoV was also found in children with asthma exacerba-
tion and, less frequently, in children with upper respirato-
ry infection, which suggests that HBoV shares clinical
features with respiratory viruses such as RSV or HMPV
(5,7). Underlying diseases, asthma, or previous bronchioli-
tis episodes as well as history of prematurity were
observed in 61.5% of HBoV-infected children. Even
though this feature may be explained by more systematic
hospitalization of these children, HBoV pathogenicity may
be facilitated by predisposing conditions.

In 9 (34.6%) instances, HBoV was detected concurrent-
ly with another respiratory virus. In the original descrip-
tion of HBoV, 17.6% of coinfections involved human
adenovirus or RSV (2). More recently, a high rate of coin-
fection (55.6%) was seen in a population of children <3

Human Bocavirus in French Children

years of age (3). Considering these high rates of coinfec-
tion, the exact role played by HBoV in respiratory tract
diseases needs to be more precisely defined.
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Bocavirus
Infection In
Hospitalized
Children, South
Korea
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Chang Keun Kim,* and Sang Woo Kim*

This study presents the first evidence of human
bocavirus infection in South Korean children. The virus was
detected in 27 (8.0%) of 336 tested specimens, including
17 (7.5%) of 225 virus-negative specimens, collected from
children with acute lower respiratory tract infection.

uman respiratory syncytial virus (HRSV), human

metapneumovirus (HMPV), parainfluenzavirus, coro-
navirus, and adenovirus are commonly detected viruses in
children with acute lower respiratory tract infections
(LRTI) (1-5). Recently, human bocavirus (HBoV) was
identified as a cause of human respiratory tract infections
in Sweden (6). Although hBoV was initially suspected to
be an important human respiratory pathogen, the world-
wide prevalence and clinical significance of the infection
are still unclear. The purpose of this study was to investi-
gate the prevalence of HBoV infection in children hospi-
talized with acute LRTI in South Korea.

The Study

A total of 336 specimens were evaluated for the pres-
ence of HBoV, including 225 virus-negative specimens
(median age of patients = 14 months; range 1-69 months)
and 111 virus-positive specimens (median age of patients
=15 months; range 1-83 months). The virus-positive spec-
imens comprised 90 specimens with HRSV, 19 with
HMPYV, and 2 with adenovirus and were taken from hospi-
talized children with LRTI at Sanggyepaik Hospital from
July 2004 through October 2005. LRTI included the diag-
noses of bronchiolitis, bronchitis, pneumonia, and laryngo-
tracheobronchitis. The 336 nasopharyngeal samples were
consecutively collected at admission, after informed con-
sent was obtained from the children’s parents. Common
respiratory viruses (HRSV, adenovirus, influenza A and B,
parainfluenza) were detected by direct fluorescent-anti-
body assay kit (Dako Imagen, Cambridgeshire, UK), after
admission. The remaining samples were stored at —70°C
for further studies. Viral RNA was extracted from each

*Inje University College of Medicine, Seoul, South Korea

1254

sample by a QlAamp viral RNA mini kit (Qiagen, Hilden,
Germany), and reverse transcription of 0.5 pg of each
RNA sample was performed. Reverse transcription—-PCR
was performed to detect HMPV by using F-gene primers
(7) and human coronavirus NL-63, by using a 1-a and a 1-
b primer, as previously described (8).

DNA was extracted from the nasopharyngeal aspirates
with a QlAamp DNA Blood Mini Kit (Qiagen GmbH,
Hilden, Germany). Two PCR assays were performed for
each sample, 1 for the NP1 gene and the other for the NS1
gene, using different primer sets;188F (5-GACCTCTG-
TAAGTACTATTAC-3") and 542R (5-CTCTGT-
GTTGACTGAATACA G-3") for the NP1 gene; and
HBoV01.2 (5-TATGGCCAAGGCAATCGTCCAAG-3)
and HBoV02.2 (5-GCCGCGTGAACATGAGAAACA-
GA-3’) for the NS1 gene, as previously described (6,9).
Each cycle comprised predenaturation at 95°C for 3 min
and 35 amplification cycles (denaturation at 95°C for 1
min, primer annealing [at 54°C for NP1 gene and 56°C
NS1 gene] for 1 min, and extension at 72°C for 1 min).
The amplified DNA fragments for the NP1 gene and NS1
gene were 354 bp and 291 bp, respectively. To validate the
amplification process and exclude carryover contamina-
tion, positive and negative controls were run for each PCR,
and positive samples were verified against an independent
RNA extraction.

Amplicon was purified by using QIAquick (Qiagen
GmbH) and sequenced in both directions with the BigDye
Terminator v3.1 Cycle Sequencing kit (Applied Bio-
systems, Foster City, CA, USA). Sequencing products
were resolved with an ABI 3730 XL autoanalyzer (Applied
Biosystems). Nucleotides sequences were aligned with
BioEdit v7.0 and presented in a topology tree, prepared in
MEGA 3.1 (10).

Conclusions

This study presents the first evidence of HBoV infec-
tion in Korean children, which suggests that HBoV can
infect humans worldwide (1,2). In this study, HBoV was
detected in 27 (8.0%) of 336 tested specimens and in 17
(7.5%) of 225 virus-negative specimens collected from
children with acute LRTI. A total of 15 (55.6%) of 27
HBoV-positive specimens were obtained from <1-year-old
children, 8 (29.6%) of 27 1- to 2-year-old children, and 4
(14.8%) of 27 3- to 5-year-old children. Other viruses were
also detected in 10 (37%) of 27 HBoV-positive specimens;
5 specimens also contained HRSV, 4 had HMPV, and 1 had
adenovirus. Although HBoV was detected mostly in the
winter in previous studies (6,9), we detected it throughout
the study period.

The medical records of 17 patients with samples posi-
tive for only HBoV were retrospectively reviewed. The
patients ranged in age from 1 to 37 months of age, and the
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male-to-female ratio was 2.8:1.The clinical manifestations
of HBoV-positive patients were fever (76.4%), cough
(76.4%), rhinorrhea (23.5%), gastrointestinal symptoms
(11.7%), and rashes (5.8%). Direct sequencing of PCR
products of the NS1 gene and NP1 genes showed that most
strains had the same sequences (Figures 1 and 2). The
prevalence of HBoV in this study was higher than that in
previous studies (3.14%-5.7%). This variation may be due
to differences in the characteristics of the study popula-
tions and collection time of respiratory specimens (6,9,11).

In our study, the positive rates of HBoV in the nasopharyn-
geal aspirates of patients with acute LRTI were relatively
high. However, the clinical role of HBoV is still unclear
because of a high frequency of co-infection (37%), a find-
ing similar to those of previous studies (17.6%-55.6%)
(6,9). In a future study, additional microbial testing for rhi-
novirus and coronaviruses, which are known to cause

LRTIs, is needed to evaluate the precise rate of detection
of >1 virus (12,13).
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KR-MNOD10
KR-MN1062
KR-MN1005
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KR-MNO974

B19
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Figure 1. Phylogenetic analysis of Korea (KR-MN), Sweden (st),
USA (CRD2), and Queensland (Q) NS1 gene sequences from
human bocavirus strains presented on a topology tree prepared in
MEGAS3.1. Nucleotide alignment of a 245-bp portion of the NS1
gene was prepared by using BioEdit v7.0. The nucleotide distance
matrix was generated with Kimura 2-parameter estimation. Nodal
confidence values indicate the results of bootstrap resampling (n =
1,000). GenBank accession no. B19 (human erythrovirus B19,
DQ408301); MVC (canine minute virus, NC_004442); st1 (HBoV
strain st1, DQ000495); st2 (HBoV strain st2, DQ000496); QPID04-
0007 (DQ200648); QPID04-0011 (DQ206702); CRD2
(DQ340570).
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Figure 2. Phylogenetic analysis of Korean (KR-MN), Swedish (st),
Jordanian (Jord), French (MP), USA (CRD2), and Japanese
(JPBS) NP1 gene sequences from human bocavirus strains pre-
sented on a topology tree prepared in MEGA3.1. Nucleotide align-
ment of a 310-bp portion of the NP1 gene was prepared by using
BioEdit v7.0. The nucleotide distance matrix was generated with
Kimura 2-parameter estimation. Nodal confidence values indicate
the results of bootstrap resampling (n = 1,000). GenBank acces-
sion nos. B19 (human erythrovirus B19, DQ408301); MVC (canine
minute virus, NC_004442); st1 (HBoV strain st1, DQ000495); st2
(HBoV strain st2, DQO000496); Jord37 (AB243566); Jord133
(AB243567); Jord189 (AB243568); Jord319 (AB243570);
JPBS03-98 (DQ296618); JPBS03-182 (DQ296620); JPBS05-52
(DQ296635); MPT1 (AM109958); MPT6 (AM109964); CRD2
(DQ340570).

In conclusion, we confirmed HBoV infection in hospi-
talized children with acute LRTI in South Korea. Further
prospective population-based studies are needed to con-
firm the role of HBoV in LRTI in children.

Dr Chung is a researcher at the Sanggyepaik Hospital, Inje
University College of Medicine, South Korea. His research inter-
ests include viruses that cause respiratory tract infections in chil-
dren and the molecular epidemiology of HMPV and HCoV
NL-63.

References

1. Selwyn BJ. The epidemiology of acute respiratory tract infection in
young children; comparison of findings from several developing
countries. Rev Infect Dis. 1990;12:5870-88.

1255



DISPATCHES

o

~

o]

1256

. Hall CB. Respiratory syncytial virus and parainfluenza virus. N Engl

J Med. 2001;344:1917-28.

. van den Hoogen BG, de Jong JC, Groen J, Kuiken T, de Groot R,

Fouchier RA, et al. A newly discovered human pneumovirus isolated
from young children with respiratory tract disease. Nat Med.
2001;7:719-24.

. Boivin G, Abed Y, Pelletier G, Ruel L, Moisan D, Cote S, et al.

Virological features and clinical manifestations associated with the
human metapneumovirus, a new paramyxovirus responsible for acute
respiratory tract infections in all age groups. J Infect Dis.
2002;186:1330-4.

. van der Hoek L, Sure K, lhorst G, Stang A, Pyrc K, Jebbink MF, et al.

Croup is associated with the novel coronavirus NL63. PLoS Med.
2005;2:e240.

. Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-Lindell

A, Andersson B. Cloning of a human parvovirus by molecular screen-
ing of respiratory tract samples. Proc Natl Acad Sci U S A.
2005;102:12891-6.

. van den Hoogen BG, Herfst S, Sprong L, Cane PA, Forleo-Neto E, de

Swart RL, et al. Antigenic and genetic variability of human meta-
pneumoviruses. Emerg Infect Dis. 2004;10:658-69.

. Arden KE, Nissen MD, Sloots TP, Mackay IM. New human coron-

avirus, HCoV-NL63, associated with severe lower respiratory tract
disease in Australia. J Med Virol. 2005;75:455-62.

EMERGING
INFECTIOUS DISEASES

©

10.

11.

12.

13.

. Sloots TP, McErlean P, Speicher DJ, Arden KE, Nissen MD, MacKay

IM. Evidence of human coronavirus HKU-1 and human bocavirus in
Australian children. J Clin Virol. 2006;35:99-102.

Kumar S, Tamura K, Jakobsen IB, Nei M. MEGA2; molecular evo-
lutionary genetics analysis software. Bioinformatics. 2001;17:
1244-5.

Ma X, Endo R, Ishiguro N, Ebihara T, Ishiko H, Ariga T, et al.
Detection of human bocavirus in Japanese children with lower respi-
ratory tract infections. J Clin Microbiol. 2006;44:1132-4.

Hayden FG. Rhinovirus and the lower respiratory tract. Rev Med
Virol. 2004;14:17-31.

van Elden LJ, van Loon AM, van Alphen F, Hendriksen KA,
Hoepelman Al, van Kraaij MG, et al. Frequent detection of human
coronaviruses in clinical specimens from patients with respiratory
tract infection by use of a novel real-time reverse-transcriptase poly-
merase chain reaction. J Infect Dis. 2004;189:652-7.

Address for

correspondence: Ju-Young Chung, Sanggye Paik

Hospital, Inje University College of Medicine - Pediatrics, 761-1 Sanggye
7-Dong, Nowon-Gu, Seoul, South Korea 139-707; email: pedchung@
sanggyepaik.ac.kr

Search

past issues

EID
Onlne

www.cdc.gov/eid

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 12, No. 8, August 2006



Changing Pattern
of Visceral
Leishmaniasis,
United Kingdom,
1985-2004

Aeesha N.J. Malik,* Lawrence John,*
Anthony D.M. Bryceson,*
and Diana N.J. Lockwood*

A 20-year (1985-2004) retrospective review of 39
patients with imported visceral leishmaniasis found that
tourism to Mediterranean countries and HIV infection were
associated with visceral leishmaniasis. Diagnosis was
often delayed. Treatment with liposomal amphotericin B
has improved prognosis. Visceral leishmaniasis should be
made a reportable disease.

ach year, 500,000 new cases of visceral leishmaniasis

(VL) are reported worldwide. The number of cases and
endemic foci for VL have increased during the past 2
decades (1-4). These increases may be the result of
improved detection and surveillance methods, or they may
be actual increases in numbers, possibly driven by increas-
ing rates of HIV infection (5,6). VL is a well-recognized
but uncommon imported disease in the United Kingdom,
but it is not reportable, so information on its importation is
incomplete. Data for this report (e.g., date of confirmation
of infection, country where acquired, HIV status) were col-
lated and supplied by the Travel Health Surveillance
Section of the Health Protection Agency, Communicable
Disease and Surveillance Centre, United Kingdom.

The Study

UK patients with VL are often referred to the Hospital
for Tropical Diseases, London, for confirmation of diagno-
sis or treatment. We reviewed all cases of VL seen at this
hospital from 1985 through 2004. Thirty-nine patients
were identified from our hospital database and laboratory
records, representing 83% of cases reported in the United
Kingdom (Figure 1).

The mean age of these patients was 36 years (range
2-66 years); 4 patients were <15 years of age. The
male:female ratio was 2:1. Patients acquired visceral leish-
maniasis while in the following areas: 30 (76.9%) in
Mediterranean countries (13 in Spain, 9 in Italy, 4 in
Greece, 3 in Malta, 1 in Cyprus), 5 (12.8%) from Africa, 3

*Hospital for Tropical Diseases, London, United Kingdom
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(7.7%) from Asia, and 1 (2.6%) from South America.
During the entire 20-year period, 55.5% of patients had
been tourists to these VL-endemic regions, and 44.5%
were immigrants or refugees, but after 2000, all patients
were tourists. One third of the patients were HIV-antibody
positive. Two patients had significant immunosuppression
from other causes: 1 from chronic lymphatic leukemia and
1 from immunosuppressive drugs received after kidney
transplantation.

Time from onset of symptoms to diagnosis was 1-11
months (mean 3 months). Diagnoses of VL were con-
firmed by >1 method: microscopic identification of
amastigotes in tissue aspirates; histologic examination of
biopsy material from bone marrow, liver, or spleen; sero-
logic analysis; and PCR for leishmania DNA (7).
Leishmania amastigotes were found in 32 bone marrow
aspirates, 3 liver biopsy specimens, 2 splenic aspirates, and
1 skin biopsy specimen. PCR to detect leishmania DNA
has been performed in this study since 1995 and was pos-
itive in 7 of 11 cases. It was the method of confirmatory
diagnosis for 1 patient (performed on a bone marrow aspi-
rate that had no visible amastigotes). Serum analysis for
leishmania antibodies was performed on samples from 33
patients; results were positive for all HIV-negative patients
and for 2 of 13 HIV-positive patients (Table 1).

Before 1995, treatment of leishmaniasis involved sev-
eral drugs, including sodium stibogluconate, paro-
momycin, meglumine antimoniate, and pentamidine. The
latter 2 were used for patients who received initial treat-
ment outside the United Kingdom; within the United
Kingdom, most (59%) patients were treated with sodium
stibogluconate. After 1995, liposomal amphotericin
became the drug of choice and was used in 14 (83%) of 17
patients. HIV status did not affect drug choice.

Figure 2 shows the frequency of relapses with each
drug treatment in our cohort. Of the 13 patients who had a
relapse, 8 (53%) had HIV coinfection. Of the 13 who had

20
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Figure 1. Number of visceral leishmaniasis (VL) cases, United
Kingdom, 1985-2004 (data from Health Protection Agency).
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Table 1. Serologic testing in patients with and without HIV infection*

IFAT DAT LATEX k39
VL cases (no. patients) + - + - + - + -
HIV negative (20) 18 0 20 0 5 0 4 0
HIV infected (13) 1 8 0 9 0 1 1 0

*VL, visceral leishmaniasis; IFAT, indirect immunofluorescent antibody test, 1985-1994; DAT, direct antibody agglutination test, beginning in 1989;
LATEX, latex agglutination test, 1996-2003; k39, recombinant k39 antigen detection test, beginning in 2002; +, positive result; —, negative result.

HIV coinfection, 8 (62%) had a relapse, compared with 7
(27%) of the 26 HIV-negative patients who had a relapse.
Two patients had other risk factors for relapse: 1 had had a
kidney transplant, and the other had chronic active hepati-
tis B. Three patients who had relapses had no apparent risk
factors. Relapse occurred in 5 (33%) of 15 patients who
received sodium stibogluconate, compared with 1 (7%) of
14 who received liposomal amphotericin as their initial
drug. At first, relapsed patients were treated with a combi-
nation of sodium stibogluconate and allopurinol, which
was unsuccessful in contrast with its reported success in
Kenya, or with amphotericin deoxycholate (8). HIV-infect-
ed patients who had relapses received further treatment
with liposomal amphotericin, usually successful, but 2
became unresponsive to treatment. Miltefosine was used in
2 patients with HIV coinfection who had relapses, but
relapses recurred, 1 while the patient was still receiving the
drug (9). Since 2000, pentamidine prophylaxis has been
used in 3 immunocompromised patients.

Table 2 summarizes outcomes. The number of patients
in the final cure category excludes patients who had had a
relapse. The 2 patients who refused treatment had HIV
coinfection; 1 died. After 1995, the final cure rate
improved and fewer patients required retreatment. The 3
patients who died had advanced HIV disease; 1 had an
additional complication of liver failure secondary to hepa-
titis C cirrhosis.

Conclusions

The data from this cohort show that VL is imported into
the United Kingdom at a constant rate, particularly in adult
male tourists to the Mediterranean, and that during the past
20 years, HIV and VL had interacted strikingly. The
Mediterranean VL-endemic zone accounts for only a small
proportion of VL cases globally, but it is a popular holiday
destination for the British, and tourism is driving the epi-
demiology of the imported infection. In the past 5 years,
we have seen no immigrants or refugees with VL. The data
show that high rates of tourism to an area of low endemic-
ity for a parasitic disease can result in a substantial number
of imported cases.

One third of our patients were immunocompromised.
The highest rates of reported HIV coinfection worldwide
are from Europe, where 85% of the cases are from the
southwest; 71% of these are in intravenous drug users (2).
HIV/VL coinfection is a serious disease that has high death

1258

rates, reflected by the 3 deaths in our cohort. These
patients had late-stage HIV disease and additional coexist-
ing conditions. HIV/VL-coinfected patients have higher
relapse rates and decreased life expectancy. Highly active
antiretroviral therapy for HIV is decreasing the numbers of
these coinfections and improving survival rates (10,11).

The mean time from symptom onset to diagnosis was 3
months. This delay resulted mainly from physicians’ fail-
ure to consider the diagnosis, although a few cases were
difficult to diagnose. For 2 patients, initial microscopic
examination of bone marrow biopsy results did not show
amastigotes; reinspection showed scarce amastigotes. For
another patient, serologic results by direct agglutination
were negative when performed early in the course of dis-
ease but positive when repeated. The low sensitivity of
serologic tests for HIV-infected patients in this cohort con-
firms that serologic tests cannot be relied on as a means of
excluding VL in HIV-infected patients.

Our cohort shows a rise and fall in the proportion of
cases of HIV/VL coinfection, starting in the early 1990s,
rising to a peak of 50% during 1993-1996, and then
decreasing, possibly because of greater use of highly
active antiretroviral therapy. Official UK data on VL are
incomplete and do not accurately reflect trends. VL
remains an imported disease in the United Kingdom and is
often associated with HIV infection. We suggest that a for-
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Figure 2. Initial drug treatment for patients with visceral leishmani-
asis and number of relapses. Na stibo, stibogluconate; Meg, meg-
lumine antimoniate; Paro, paromomycin; Pent, pentamidine; Amb,
ambisome; Amp, amphotericin.
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Table 2. Patient response to treatment and outcome

Visceral Leishmaniasis, United Kingdom

Initial cure or response to

Died while receiving

Years No. patients treatment (%) Refused treatment (%) Final cure (%) treatment (%)
1985-1994 22 7 (35) 2(9) 18 (90) 2(9)
1995-2004 17 13 (76) 0 16 (94) 1(6)

mal notification system for visceral leishmaniasis in the
United Kingdom, as elsewhere in Europe, would be bene-
ficial for monitoring trends and health planning (12). Our
data also show the importance of looking at rare imported
diseases over a long period so that emerging risk factors
can be identified. These data also highlight the usefulness
of having 1 center that deals with unusual infections,
where expertise in diagnosis and management can be built
up and maintained.
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Mental Status after
West Nile Virus
Infection

Kathleen Y. Haaland,*t Joseph Sadek,*t
Steven Pergam,t} Leonor A. Echevarria,t§
Larry E. Davis,*t Diane Goade,t
Joanne Harnar,*t Robert A. Nofchissey,t
C. Mack Sewel,T and Paul Ettestad{

Mental status after acute West Nile virus infection has
not been examined objectively. We compared Telephone
Interview for Cognitive Status scores of 116 patients with
West Nile fever or West Nile neuroinvasive disease. Mental
status was poorer and cognitive complaints more frequent
with West Nile neuroinvasive disease (p = 0.005).

West Nile virus (WNV) outbreaks have been studied
in Africa since 1937 and in the United States since
the initial New York City outbreak in 1999 (1). Studies of
these outbreaks typically include only hospitalized
patients, use retrospective medical chart reviews, and do
not include follow-up after discharge (1-5). Therefore, the
long-term sequelae of WNV are largely unknown.

Mental status after West Nile virus infection is an
important public health issue because many studies of hos-
pitalized patients have reported continued complaints from
the time of discharge (2,4,5) through 18 months later (6).
A limitation of these studies is their reliance on self-report
of cognitive deficits rather than objective examination. No
study of WNV patients has used objective assessment of
mental status to determine the severity of cognitive deficits
after acute WNV infection in a large sample of WNV
patients, despite the fact that altered mental status is
reported in 46% (1,4) to 74% (3) of WNV patients at the
time of discharge from the hospital. In addition, no studies
have determined whether mental status changes are more
prevalent in patients who had West Nile neuroinvasive dis-
ease (WNND) than in patients who had West Nile fever
(WNF), which would be expected, given the diagnostic
criteria and the reports of less frequent and less severe cog-
nitive deficits from WNF patients (7).

The purpose of our study was to objectively compare
mental status of patients with a diagnosis of WNND or

*New Mexico Veterans Affairs Healthcare System, Albuquerque,
New Mexico, USA; TUniversity of New Mexico, Albuquerque, New
Mexico, USA; fUniversity of Washington, Seattle, Washington,
USA; 8Northwest Mississippi Regional Medical Center,
Clarksdale, Mississippi, USA; and New Mexico Department of
Health, Santa Fe, New Mexico, USA
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WNF, 9 months after symptom onset. We used the
Telephone Interview for Cognitive Status (TICS) and sub-
jective cognitive complaints noted during interview. Of the
190 eligible patients, all were seropositive for WNV and
all had been reported to the New Mexico State Department
of Health in 2003 (8). We successfully contacted 129
(68%) of these patients by telephone and excluded 13 who
had received a diagnoses of a neurologic condition before
the diagnosis of WNV infection or who did not speak
English well. For the remaining 116 patients, diagnosis of
WNND or WNF was made without knowledge of TICS
score and was based on the reporting physician’s diagnosis
or medical record review for patients who were hospital-
ized for WNV infection or who had continuing neurologic
or cognitive symptoms at the time of interview. Patients
were evaluated with the TICS, which is highly correlated
with the Mini Mental Status Examination (9), is sensitive
to mental status deficits in the elderly (10,11), and is stan-
dardized for administration by telephone (12).

Table 1 shows that the WNF and WNND groups were
comparable in age, sex, and ethnicity (p>0.05). However,
because of a trend for lower education in the WNND group
(p = 0.05), education was a covariate in all analyses.
Analysis of covariance (ANCOVA) showed TICS total
score to be poorer for the WNND than the WNF group (p
= 0.005). Thus, a small, but consistent, effect suggests that
WNYV infection severity affects mental status.

Participants were also asked questions about current
cognitive functioning (Table 2). Frequency of self-report
of cognitive problems varied from 6% to 42% across both
groups. Logistic regression, when controlled for education,
showed reports of concentration difficulty (p = 0.05) and
confusion (p = 0.02) to be significantly higher in the
WNND group. Overall, the WNND group reported more
cognitive problems than the WNF group (1.6 vs. 0.8,
respectively, p = 0.009), and the number of cognitive prob-
lems was correlated with the TICS total score (r = —0.21,

Table 1. Demographic data from Telephone Interview for
Cognitive Status*t

West Nile
West Nile neuroinvasive

Characteristic fever, n = 64 disease, n =52 p value
Age, y 50.0 (12.8) 53.6 (19.1) 0.26
Education, y 14.6 (2.6) 13.6 (3.0) 0.05
Sex, % male 44 58 0.14
Ethnicity

% white 62 64 0.90

% Hispanic 33 31 0.90
Hospitalized, n (%) 10 (16) 40 (78) <0.001
TICS total 33.6 (3.3) 31.1(3.8) 0.005%

(range 0-41)

*TICS, Telephone Interview for Cognitive Status.

tMeans with standard deviations in parentheses, except where otherwise
indicated.

Ip value, after analysis of covariance, controlling for marginal group
difference in education.
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Table 2. Percentage of patients reporting current cognitive
problems

West Nile
West Nile neuroinvasive
Mental deficit fever disease Overall
Concentration 22 42 31
Memory 28 42 35
Understanding 11 27 18
Decision making 16 25 20
Confusion 6 25 15
Mean rate of 17 32 24

complaints

*p=<0.05, after logistic regression, controlling for marginal group difference
in education.

p = 0.02). These findings indicate that self-reported cogni-
tive problems increased with severity of WNV infection.

To determine the better predictor of WNV diagnostic
category—TICS total score, rate of cognitive problems, or
a combination—we performed a logistic regression pre-
dicting WNV diagnostic category from TICS total and
rates of self-report of cognitive problems. Only the TICS
total score significantly predicted WNND group member-
ship (p = 0.01), but rate of report of cognitive problems
was a marginal predictor (p = 0.07).

This is the first study to objectively measure mental sta-
tus after WNV infection except for 1 review paper that
mentioned a study that performed neuropsychological
evaluation of WNV patients while they were hospitalized
with acute infection (13). We show that 9 months after
infection, WNND produces subtle but consistently greater
mental status deficits than WNF. These findings are con-
sistent with those of studies that identified a high incidence
of cognitive problems from WNYV patients and lesser com-
plaints from WNF patients (7) from time of hospital dis-
charge through 18 months later (2,4,6,14). We found subtle
cognitive deficits in the WNND group that could not be
explained by demographic variables. Although these cog-
nitive differences are subtle, they suggest that WNND pro-
duces cognitive deficits after the acute symptoms have
largely dissipated. Our data may underestimate the inci-
dence of cognitive changes associated with WNND
because more sensitive comprehensive neuropsychologic
evaluations were not done.

Similar to previous studies (5,6,14) of chronic cogni-
tive complaints after WNV infection, our study showed a
high incidence of cognitive complaints, although subjec-
tive self-reports can be unreliable. Our data show that
although =24% of the WNV patients complained of cogni-
tive problems, complaints were somewhat greater for
patients in the WNND group than in the WNF group. In
addition, subjective reports of cognitive problems are only
marginally associated with poorer mental status. This find-
ing further supports the need to perform objective mental
status examinations, especially because normal variation
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in cognitive performance can be misattributed to a medical
diagnosis (15).

We were not able to determine whether the WNF group
demonstrated cognitive deficits because we did not include
a healthy control group and because TICS does not have
normative data for respondents <60 years of age. However,
the published norms for TICS recommend a cutoff score of
>33 for classification as “normal” and <25 as clearly
“impaired”; only 53% of our total sample fell into the nor-
mal range, despite being younger than the age for which
norms are published (9). Furthermore, 33% of the WNF
group scored in the abnormal range, suggesting that WNF
may produce cognitive deficits relative to published
norms. Although the influence of demographic differences
(e.g., education) between the WNF and the normative
group cannot be ruled out, the high incidence of abnormal
scores in the WNF group may also reflect undiagnosed
neuroinvasion of WNV. However, without a demographi-
cally matched control group, this question cannot be
addressed definitively. In addition, 65% of the WNND
group scored in the abnormal range, consistent with our
other findings that WNND is associated with chronic men-
tal status changes.

Our study has several advantages, including objective
assessment of mental status, sampling from the entire
state’s reported cases of WNV infection in 1 year, direct
comparison between WNF and WNND groups, and inclu-
sion of patients of minority race and ethnicity. One poten-
tial limitation is the use of the reporting physician’s
diagnosis, but medical records were obtained for 78% of
those at greatest risk for WNND. In all instances in which
diagnosis was changed on the basis of medical records,
WNF diagnosis was changed to WNND. Therefore, if we
misclassified patients, we are more likely to have included
in the WNF group patients who should have been in the
WNND group; this potential bias would have decreased
group differences by lowering the WNF mental status
score.

These results emphasize that objective mental status
assessment is more sensitive than subjective report and
suggest that future studies should assess potential mental
status deficits to clarify the long-term public health conse-
quences of WNV.

Dr Haaland is a VA research career scientist at the New
Mexico VA Healthcare System and professor of psychiatry and
neurology at the University of New Mexico School of Medicine.
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