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Abstract: The placenta examination by polymerase chain reaction
and mouse inoculation increased the sensitivity of the diagnosis of
congenital toxoplasmosis at birth from 60% (use of serologic techniques on the newborn’s blood only) to 75% (both serologic techniques and placental analysis). The specificity of Toxoplasma gondii
detection in the placenta was 94.7%.
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C

ongenital infection with Toxoplasma gondii results from transmission of the parasite from the mother to the fetus through the
placenta with potential severe consequences.1 It is important to
improve the early diagnosis of toxoplasmosis in infants at risk for
congenital infection, but the management of maternal and fetal
infection varies considerably from one country to another.2 In
France, the biologic diagnosis includes the detection of T. gondii in
amniotic fluid (prenatal diagnosis) and serologic techniques on sera
collected on the newborn. When prenatal diagnosis gives positive
results, the infection of the fetus is definite. When prenatal diagnosis
gives negative results or when amniocentesis is not performed
(depending on the protocols applied in different countries or on the
date of the maternal seroconversion), biologic diagnosis after delivery is essential and is based on serologic techniques. T. gondii can
be detected in placenta and/or cord blood,3 but to our knowledge,
publications focusing on the results of placental analysis are rare. In
Grenoble University Hospital, a first work4 published in 1998
studied the value of placental analysis in 94 women presenting a
seroconversion during pregnancy and showed the importance of
placental examination to complement the serologic techniques. The
aim of the present work is to evaluate: (i) the performance of
placental analysis on 133 cases of maternal seroconversion, without
positive prenatal diagnosis but with complete follow-up of newborns
(up to 1 year of age); and (ii) the relationship between T. gondii
detection in the placenta and the maternal treatment.
METHODS
From 1997 to 2004, 133 placentas were analyzed by 2
techniques to detect T. gondii: mouse inoculation and polymerase
chain reaction (PCR). Testing a small portion of placenta (about
10 g), the parasite DNA was detected using a PCR system designed
from the B1 gene, which uses both an internal control to monitor
inhibition and an amplicon carry-over contamination control.5 Before being inoculated into mice, about 200 g of the placentas was
mixed, trypsinized, centrifuged, and washed. The cord blood and the

newborn’s blood sampled 5 days after delivery were tested for IgM
and IgG, and for neosynthesized IgG and IgM antibodies determined
in comparison with those of the maternal blood.6 The anti-T. gondii
IgMs were detected by immunosorbent agglutination assay (ISAGA,
bioMérieux, France), immunocapture ELISA (Vidas, Vitek system,
bioMérieux), and IFAT. The newly synthesized IgGs and IgMs were
determined using the Toxoplasma Western blot IgG/IgM kit (LDBIO Diagnostics, France).
RESULTS AND DISCUSSION
Among the 133 cases of maternal seroconversion in whom
the prenatal diagnosis was either not performed or negative, congenital toxoplasmosis was diagnosed in 20 cases (15%) that had
persistent IgGs at 1 year of age. The mean gestational age at the time
of serologic conversion was 27 ⫾ 6 amenorrhea weeks for the
mothers of the 20 infected newborns and 15 ⫾ 9 amenorrhea weeks
for the mothers of the 113 uninfected newborns.
For the 20 infected newborns, postnatal blood monitoring
showed persistent specific IgGs 12 months postpartum. However, at
birth, the biologic diagnosis (PCR on placenta and serological
techniques) was positive in 15 (75%) of the 20 infected newborns
(Table 1). The examination of placental tissue by PCR and mouse
inoculation was positive in 10 cases (50%). PCR sensitivity (25%)
was lower than sensitivity of mouse inoculation (42.1%). This might
be explained by the small amount of placenta used to perform the
PCR technique (about 10 g), whereas 200 g of placenta were mixed,
trypsinized, and centrifuged to inoculate mice. The relationship
between the results of parasitologic examination of placentas and
maternal treatment is an important point. In 2 cases of our series, the
seroconversion was diagnosed at delivery, and therefore, the mothers had not been treated so that the placenta results were positive. In
8 cases, the mothers had been treated with spiramycin, and the
results of placental analysis were positive in 5 of 8 cases (62.5%). In
the other 10 cases, the mothers had been treated with pyrimethamine-sulfadoxine during 6 to 85 days, and the placenta
results were positive in only 3 of 10 cases (30%). Thus, T. gondii
was less frequently isolated in the placentas of women treated with
pyrimethamine-sulfadoxine than in the placentas of those treated
with spiramycin only or not treated, probably in relation to the
antiparasitic action of those 2 drugs.7 Such results need to be
confirmed by a larger study. This point emphasizes the interest of
placental analysis in cases of maternal seroconversion late in preg-

TABLE 1. Sensitivity and Specificity of the Neonatal
Diagnosis by 2 Techniques on Placenta (PCR and Mouse
Inoculation), 2 Serological Techniques (ISAGA IgM and
Western Blot), and the Association of the Different
Techniques
Techniques

% Sensitivity

% Specificity

PCR on placenta
Mouse inoculation on placenta
PCR and mouse inoculation on
placenta
ISAGA IgM on serum at birth
Western blot on serum at birth
ISAGA IgM and Western blot
on serum at birth
PCR and mouse inoculation on
placenta, and ISAGA IgM
and Western blot on serum
at birth

25 (5/20)
42.1 (8/19)
50 (10/20)

94.7 (107/113)
100 (105/105)
94.7 (107/113)

50 (10/20)
60 (12/20)
60 (12/20)

100 (113/113)
99.1 (112/113)
99.1 (112/113)

75 (15/20)

93.8 (106/113)

ISAGA indicates immunosorbent agglutination assay.
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nancy, these cases being not systematically treated with pyrimethamine-sulfamide.
In our study (Table 1), the sensitivities of PCR and mouse
inoculation were 25% and 42.1%, respectively, and the combination
of both tests improved the sensitivity to 50%. When only serologic
techniques were used on newborn samples, the sensitivity was 60%,
whereas the combination of placental examination and serologic
techniques at birth improved the sensitivity to 75%. In 3 of the 20
congenital toxoplasmosis cases, the presence of T. gondii in the
placental tissues was the only evidence for congenital toxoplasmosis
at birth (IgMs and neosynthesized Igs were negative). For 2 cases,
neosynthesized immunoglobulins appeared in the sera sampled 1
and 3.5 months after birth, respectively. For one case, the only
serologic evidence was persistence of IgGs at 1 year of age. In these
3 cases, the positive result of placental analysis was the earliest
evidence of congenital toxoplasmosis, and in 7 cases the positive
results of placental examination confirmed the serologic evidence.
Furthermore, isolating T. gondii strains from placenta is important
from an epidemiologic point of view to determine the influence of
genotypes on the severity of human congenital toxoplasmosis.8 In
this study, type II isolates (7 of 8) were largely predominant and
only one isolate belonging to type III was found.
For the 113 uninfected babies, postnatal monitoring at 1 year
of age showed no specific antibodies left. A prenatal diagnosis,
performed on 55 of the 113 cases, had been negative. In the 113
newborns, neither T. gondii had been detected by mouse inoculation
in the placentas, nor IgMs by ISAGA in the sera. On the other hand,
6 PCR tests on the placenta and one Western blot test gave positive
results. The presence of T. gondii DNA in placental tissues without
fetal infection could be explained by the alteration of the parasite
due to spiramycin (prescribed to the pregnant women) or by the
difference in the parasite migration capacity.9 The virulent (type I)
strains consistently exhibit a higher migratory capacity than nonvirulent or little virulent (type II and III) strains. The inherent
characteristic of Toxoplasma parasites to up-regulate their migratory
capacity probably plays an important role in establishing infections.9
A major issue concerning the usefulness of placental examination is to know whether, in case of a positive placenta without
other positive tests, one should prescribe a full course of therapy
despite the potential toxicity of the drugs on the infant. In our
experience, treatment can be given in such a case if seroconversion
occurred at the end of the pregnancy, when the risk of transmission
of T. gondii is the highest.10
In conclusion, although the specificity of the detection of T.
gondii in the placentas was 94.7% (Table 1) and the sensitivity was
50%, this may depend on the treatment given (sensitivity of 70% for
the 10 women with spiramycin or without treatment, and 30% for
the 10 women treated with pyrimethamine-sulfadoxine). Isolation of
T. gondii from placenta, an easily obtainable sample, is a useful tool
to study congenital toxoplasmosis. Thus, placental analysis is important to diagnose the disease when the amniotic fluid is either not
positive or not analyzed. Finally, the maternal treatment can influence the efficacy of placental analysis.
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Ajzenberg D, Cogné N, Paris L, et al. Genotype of 86 Toxoplasma
gondii isolates associated with human congenital toxoplasmosis, and
correlation with clinical findings. J Infect Dis. 2002;186:684 – 689.
Barragan A, Sibley LD. Migration of Toxoplasma gondii across biological barriers. Trends Parasitol. 2003;11:426 – 430.
Thalib L, Gras L, Romand S, et al. ; for the European Multicentre Study
on Congenital Toxoplasmosis (EMSCOT). Prediction of congenital
toxoplasmosis by polymerase chain reaction analysis of amniotic fluid.
Br J Obstet Gynaecol. 2005;112:567–574.

SLOW PROGRESSION OF HUMAN
IMMUNODEFICIENCY VIRUS AND HEPATITIS C
VIRUS DISEASE IN A COHORT OF COINFECTED
CHILDREN
Dariela Micheloud, MD, PhD,* Julia Jensen, MD,* José M. Bellón,
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everal lines of evidence in adult patients suggest that liver
disease may be more severe in HIV-1/HCV coinfected patients1
and that progression of HIV-1 disease may be accelerated by HCV
coinfection.2,3 However, there are complications in the data of adult
studies such as limited knowledge on timing of infection, presence
of other cofactors that might modulate disease progression, higher
rates of intravenous drug use in HCV infected, etc.
Whether HIV-1/HCV coinfected children share these clinical
patterns remains a matter of speculation. The effect of pediatric
HIV-1/HCV coinfection on progression of HIV-1 disease remains
unclear.4 One report suggest that coinfection may lead to slower
progression of HIV-1 disease but the sample size and details do not
warrant this conclusion.5 Another report found no significant differences in HIV-1 disease progression between HIV-1/HCV coinfected
children and children infected with HIV-1 only according to HIV-1
markers.6 Furthermore, the progression of vertically acquired HCV
infection is slow in the first 10 to 15 years of life with a few clinical
symptoms,4 but this evidence is based on little previous data.
For this reason, we carried out a study to determine the
evolution of clinical, immunologic, and virologic markers of HIV-1
infection, and biochemical hepatic parameters of one cohort of
vertical HIV-1/HCV coinfected children.

MATERIALS AND METHODS
Population and Study Design. We carried out a retrospective multicenter study on 23 vertically HIV-1/HCV coinfected children from
May 1987 to July 2005 (all children were coinfected with HIV and
HCV in the cohort). These children belong to a cohort that we have
been studying for several years in 6 large Spanish pediatric referral
hospitals of Madrid, Málaga, and Alicante. The types of care at the
6 sites were similar. The only requirement to enter in this study was
to have a vertically transmitted HCV and HIV-1 infection. Thus, of
480 children included in our cohort of HIV children, only 23 (⬇5%)
children were vertically HIV-1/HCV coinfected. We also included
30 vertically HIV-1 infected children (control group) from among
all HIV infected children to identify clinical characteristics and
evolution of HIV-1/HCV coinfected children. The HIV children
(control group) were equally distributed by age, sex, weight, and
date of birth (virus infection). Since age and date of birth were
similar between HIV/HCV children and HIV children, the control
and treatment during pregnancy was equivalent according to HIV
international guidelines.7 The follow-up of children was stopped
when they started highly active antiretroviral therapy: 3 or more
antiretroviral drugs that include protease inhibitor or non-nucleoside
reverse transcription inhibitor. In all HIV-positive cases, with or
without coinfection, there were no deaths throughout the follow-up.
Before polymerase chain reaction (PCR) tests were available,
serologic HCV or HIV antibody tests were routinely carried out in
children who were born from HCV or HIV seropositive mothers at
each visit approximately every 3 months. Confirmation of HCV or
HIV infection was determined through the physicians and/or hospital summaries. When PCR tests were available, all infants were
diagnosed or confirmed as HIV or HCV infected on the basis of
positive results in these assays. Children with positive HCV-PCR
were only included in the HIV/HCV-group. Clinical classification
and AIDS designation were based on the 1994 revised guidelines of
the Centers for Disease Control.8 The AIDS cases before 1994 were
again recategorized. Clinical Classification A or B children with
CD4⫹ ⬍ 200 cells/L who had turned 13-year-old were not recategorized as AIDS by T-cell count criteria.9 Death and hospitalization data were obtained from hospital data records of participant
centers or other associated centers (when they happened outside of
these hospitals).
© 2007 Lippincott Williams & Wilkins
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There was not an uniform approach regarding ART and
Pneumocystis carinii prevention. Instead, each pediatrician administered the appropriate regimen and changed the drugs according to
his/her interpretation of the clinical data and based on international
guidelines.7,10 –12 The study was approved by the Ethical Committees of all hospitals involved.
Laboratory Markers. The HCV viral load (VL) was measured by
PCR (Cobas Amplicor HCV Monitor Test, Branchburg, NJ), and the
results were reported in IU/mL. HCV genotype was determined by
hybridization of biotin-labeled PCR products to oligonucleotide
probes bound to nitrocellulose membrane strips (INNO-LiPA HCV
II, Innogenetics, Ghent, Belgium).
Children were monitored at least every 3 months with repeated interviews, physical examinations according to published
guidelines, and blood sample collection for biochemical and hematological determination and serial CD4⫹ T-cell (CD4⫹), CD8⫹
T-cell (CD8⫹), and HIV-RNA VL measurements. Markers of liver
damage, including aspartate aminotransferase (AST), alanine aminotransferase (ALT), and ␥-glutamyl transpeptidase (GGT) were
analyzed with a Hitachi 7050 autoanalyser (Hitachi Co., Tokyo,
Japan).

TABLE 1. Summary of Characteristics of HIV-1- and
HIV/HCV Infected Children
HIV

HIV/HCV

No. children
30
23
Male
19 (63.3)
13 (56.5)
Pregnancy and delivery*
Mothers
Age of mother
25 (18 –34)
28 (24 –35)
IVDU during pregnancy
10/30 (33.3)
10/18 (52.9)
ART before pregnancy
1/17 (5.9)
2/18 (11.1)
ART during pregnancy
1/30 (0.0)
2/23 (8.7)
Delivery characteristics
ART at delivery
0
0
Cesarean birth
1/30 (3.3)
4/23 (17.4)
Gestational age
39 (33– 41)
39 (35– 41)
Weight at birth (g)
2595 (1420 – 4050) 2900 (2400 – 4000)
Newborn with ⬍2500 g
8/24 (58.5)
2/17 (41.5)
Age at HIV diagnosis (mo)
12.9 (0,7–130.9)
3.3 (0.0 –101.4)†
Distribution of cases over the
years
ⱕ1989
10 (33.6%)
6 (26.1%)
1990 –1993
9 (30%)
10 (43.5%)
1994 –1996
9 (30%)
4 (17.4%)
ⱖ1997
2 (6.7%)
3 (13%)
Time of follow-up (yr)
6.3 (1.9 –13)
8.8 (0.3–13)
Time to AIDS diagnosis (yr)
4.3 (0.2–17.9)
8.7 (0.5–15.5)
14.5 (0 – 40)
14 (1–31)
Nadir %CD4⫹
Antiretroviral treatment (ART)
before study
ART-naïve HIV-infected
1 (3.3)
4 (17.4)
children
Time (mo) without ART
38.7 (2.1–213)
48.6 (0.4 –142.6)
Beginning age of ART (yr)
3.2 (0.1–15.1)
3.1 (0.5–11.9)
Time (mo) with ART
31.4 (9.8 –76.8)
40.5 (4.9 –140.7)
HIV-infected children with
ART
Monotherapy
4 (13.3)
2 (8.7)
Combined therapy
7 (23.3)
6 (26.1)
Monotherapy ⫹ combined
18 (60)
11 (47.8)
therapy
ART-protocols switches
1.4 (0 –3)
1.3 (0 – 4)
Values are expressed as (a) median (min–max), and (b) absolute (percentage).
Monotherapy: one antiretroviral therapy; combined therapy: 2 antiretroviral therapies.
IVDU: intravenous drug users.
*Values were calculated with available data.
†
P ⬍ 0.05.
HCV indicates hepatitis C virus; HIV-1, human immunodeficiency virus type 1; ART,
antiretroviral therapy.
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Statistical Analysis. We calculated the mean of HIV-1 surrogate
markers (CD4⫹, CD8⫹, and log10 VL) and hepatic function markers
(ALT, AST GGT, and ALP) per year, to be considered as representative measure from each patient per year. Differences among
groups of children were analyzed using a nonparametric test (Mann–
Whitney U test). Fisher exact test was applied for categorical
variables. We determined the relative risk of AIDS by proportionalhazard Cox regression according to the presence of HCV coinfection. All statistical analyses were performed with SPSS software
package (version 12). All P-values are 2-tailed and statistical significance was defined as P ⬍ 0.05.
RESULTS
Table 1 shows the baseline characteristics of vertically HCV
and/or HIV-1 infected children. We found that HIV/HCV coinfected
children were diagnosed with HIV earlier than the control group,
although the median age difference at HIV diagnosis was 9 months.
Nadir %CD4⫹, pregnancy and delivery characteristics, and antiretroviral treatment (ART) during follow-up were similar between
groups. More than 60% of the children were born before 1994.
The HIV-1/HCV coinfected children had a slower evolution
to AIDS than the control group. Six out of 23 (26.1%) HIV-1/HCV
coinfected children developed AIDS versus 20 out of 30 (66.6%) in
the control group. The relative risk of AIDS was 3.16 (95% CI:
1.26 –7.87; P ⫽ 0.014) times more for HIV-1 children than for
HIV-1/HCV coinfected children.
The absolute count of CD4⫹ had similar evolution in both
groups (Fig. 1A), but on the other hand, we observed that HIV-1/
HCV coinfected children had higher values of absolute count of
CD8⫹ than control group during several years (Fig. 1B). Regarding
the VL in HIV-1/HCV coinfected children, it was lower than the control
group (⬎4 log10) during the 6th and 7th year of life (Fig. 1C).
The HCV genotypes were determined in only 16 HIV-1/HCV
infected children, 11 (68.8%) were HCV genotype 1, 4 (25%) HCV

genotype 4, and only 1 patient (6.3%) was HCV genotype 3. In
relation to the hepatic function, HIV-1/HCV coinfected children
showed higher values of hepatic enzymes (ALT, AST, and GGT)
than the control group and biphasic evolution with statistical significance during the first 2 years of life (Figs. 1D–F) and after the 4th
year of life.
DISCUSSION
The effect of HCV coinfection on HIV-1-related disease
remains unclear. In several studies on coinfected adults, there was
no evidence of an effect of HCV coinfection on progression to
HIV-1 disease,13,14 whereas in others studies, HIV-1 progression
was substantially accelerated.3,15
In this study, our objective was to evaluate the long-term
evolution of HCV and HIV-1 infection in children. We found that
the clinical progression of HIV-1 disease was slower in HIV-1/HCV
coinfected children than in HIV-1 infected children (26% versus
66%). Previously published data by our group showed approximately 60% of HIV-1 children in Madrid developed AIDS in an
extended follow-up.16 We do not have an explanation for this but
other authors also describe controversial results.5,6,17 Some of them
suggest that coinfection may lead to slower progression of HIV-1
disease whereas others found no significant differences in HIV-1
disease progression.
In this study, the slow progression to AIDS was not completely explained by the evolution of the immunologic and virologic
HIV-1 markers. The HIV-1/HCV children had a similar evolution of
CD4⫹ during the follow-up, which could explain why coinfected
children did not present a higher evolution to HIV-1 disease.
However, we found HIV-1/HCV children had higher values of
absolute count of CD8⫹ during several periods of their life. This fact
is due to the presence of 2 viral infections, because HCV and HIV
infection are both associated with an expansion of CD8⫹ T cell
subsets.18

FIGURE 1. Evolution of immunologic (CD4⫹ and CD8⫹ T cells), virologic (HIV viral load) and biochemical parameters (AST,
ALT, GGT) of HIV-1/HCV children and HIV-1 children. HIV⫹: HIV-1 infected children. HIV⫹/HCV⫹: HIV-1/HCV coinfected children. CD4⫹: CD4⫹ T cells. CD8⫹: CD8⫹ T cells. VL: HIV-1 RNA viral load. AST: aspartate aminotransferase. ALT: alanine aminotransferase. GGT: ␥-glutamyl transpeptidase. *P ⬍ 0.05.
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Similar to another study,6 we found HIV-1/HCV coinfected
children had higher VL values than HIV-1 children during the first
year of life. However, in the later follow-up, the VL was similar or
lower in HIV-1/HCV children than in HIV-1 children. Although it
seems like opposing discoveries, it is possible that the good evolution of CD4⫹ and VL and mainly the high levels of CD8⫹ are
responsible for the slower evolution to HIV disease.
The effect of HIV-1/HCV coinfection on liver-related morbidity and mortality in adult populations has been more extensively
studied than in children. Furthermore, studies on coinfected adults
have had more subjects than studies on children.4 HCV liver disease
is asymptomatic for such a long time, and therefore, it is useful to
have indices of clinical use that show its evolution in the absence of
serious symptoms. In this study, we found a biphasic evolution of
ALT, AST, and GGT.
The elevated liver enzymes during the 1st and 2nd year of life
are congruent with HCV kinetics (replication) like acute infection in
adults.19 After that the liver enzymes had a reduction in levels
during the HCV infection latent phase, but after 4 years these show
a slow progressive increase, which could be the results of a slow
HCV infection.4
Our study has several limitations: (a) a low number of
patients does not permit the analysis of subgroups or different
statistical analysis to avoid bias, (b) the HCV VL is not viable,
(c) the absence of liver biopsy with serial fibrosis determination,
(d) some children received highly active antiretroviral therapy
when they presented very low CD4⫹ cells and they were missed
during follow up, (e) perinatal prevention measures and maternal
treatment evolved dramatically over the time periods and may
have impacted pediatric health, and (f) we found a statistical
difference of 9 months for the age of HIV diagnosis (months), but
we did not think that the difference had clinical relevance.
Moreover, during the first year of life, CD4⫹ cells were higher
than 500 cells/L, and only HIV children with fewer than 200
CD4⫹ cells/L had PCP prophylaxis according to guidelines.12
Despite this, our data suggest that HIV-1/HCV-coinfected
children have a better evolution than children with only HIV-1
infection and a slow progression of liver disease.
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FIS, Red Temática Cooperativa de investigación en Genética (RIG
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M.A. Muñoz-Fernández; Hospital Universitario “La Paz”: M.I.
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ULTRASOUND MEASUREMENT OF GALLBLADDER
WALL THICKENING AS A DIAGNOSTIC TEST AND
PROGNOSTIC INDICATOR FOR SEVERE DENGUE IN
PEDIATRIC PATIENTS
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Abstract: Gallbladder wall thickening measured by ultrasound was
significantly associated with severe dengue, as well as with hallmark
features of thrombocytopenia and elevated hematocrit/hemoconcentration, in children with suspected dengue in Nicaragua. We demonstrate that gallbladder wall thickening serves as a clinically
relevant diagnostic test and prognostic indicator of severe dengue in
pediatric populations.
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A

pproximately 2.5 to 3 billion people worldwide live in areas at
risk for transmission of the mosquito-borne dengue flavivirus
(DENV), and an estimated 100 million people worldwide are infected each year.1 Clinical manifestations of the infection include
dengue fever (DF), dengue hemorrhagic fever (DHF), and dengue
shock syndrome (DSS). The classic symptoms of DF include high
fever, headache, musculoskeletal pain, retro-orbital pain, and rash.
The principal requirements for DHF classification are increased
vascular permeability (“plasma leakage”), hemorrhagic manifestations, and thrombocytopenia (platelet count ⱕ100,000/mm3); the
additional presence of hypotension or narrow pulse pressure along
with clinical signs of shock designates DSS.2
Ultrasound may be a promising alternative to radiography in
support of dengue case management and triage in developing nations. As a prognostic indicator, ultrasound could potentially be used
to assess which patients are at risk for entering the critical phase.
Identifying these patients early could improve case management and
outcome, as well as enable a more efficient allocation of hospital
resources. Ultrasound allows detection of capillary leakage (eg,
pleural effusion, ascites), as well as hepatomegaly, splenomegaly,
and thickening of the gallbladder wall in patients with dengue.
Recent studies of ultrasound in dengue patients have largely been
confined to Asian regions where DHF predominates in hospitalized
patients3– 6 and few have examined the relation of gallbladder wall
thickening (GBWT) to clinical manifestations of severe dengue.
MATERIALS AND METHODS
Study Participants. The study was based in the Infectious Disease
Unit of the Hospital Infantil Manuel de Jesús Rivera (HIMJR), the
national pediatric reference hospital in Nicaragua, and included 73
children who presented to the HIMJR between August 2005 and
February 2006 with clinical symptoms consistent with DF. Study
participants included 37 females and 36 males, ranging in age from
5 months to 14 years old; with 16 patients aged ⱕ4 years, 26 patients
aged 5 to 9 years, and 31 patients aged 10 to 14 years. The majority
of children (58; 79%) were managed as inpatients, whereas 15
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FIGURE 1. A, Differences in mean gallbladder wall thickening
(GBWT) between children with nondengue febrile illness, dengue
fever, and dengue hemorrhagic fever/dengue shock syndrome.
Mean values were significantly different between the groups (P ⬍
0.01, multivariate analysis of variance); error bars indicate standard
error of the mean. B, Differences in mean GBWT in relation to
decreased platelet count. Mean GBWT measurements for each
time period were compared with the platelet counts from that
same time period. Mean values were significantly different between the 2 groups in each time period (P ⬍ 0.01, t test); error
bars indicate standard error of the mean. C, Differences in mean
GBWT in relation to increased hematocrit. Mean GBWT values for
each time period were compared with the hematocrit/hemoconcentration measurements from that same time period. Increased
hematocrit is defined as elevated hematocrit or hemoconcentration. Mean values were significantly different between the 2
groups in each time period (P ⬍ 0.01, t test); error bars indicate
standard error of the mean.
© 2007 Lippincott Williams & Wilkins
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(21%) were followed via daily outpatient visits. Eleven participants
(15%) were diagnosed with DHF/DSS, 44 (60%) were confirmed as
DF, and 18 (25%) were laboratory-negative for dengue, classified as
other febrile illness (OFI). The serotype of dengue virus (DENV)
was determined in 82% of positive cases, and DENV1 and DENV2
were identified in 9 (16.4%) and 36 (65.4%) cases, respectively.
During the course of their illness, patients received 1 to 5
ultrasounds (mean, 2.3) performed by RR using the GE Logitech
Pro5 machine. Sonographic assessment included measurement of
GBWT, pleural effusion, ascites, hepatomegaly, and splenomegaly.
Increased hematocrit was defined as hematocrit ⱖ40 for children ⱕ2
years of age or hematocrit ⱖ42 for children ⬎2 years, or hemoconcentration greater than or equal to 20% above baseline at discharge.
Serologic and virologic determination of DENV infection
was performed at the National Virology Laboratory of the Ministry
of Health in Managua. A positive case was indicated by IgM
seroconversion, a 4-fold or greater increase in total anti-DENV
antibodies as measured by Inhibition ELISA, detection of viral RNA
by reverse transcription polymerase chain reaction, and or virus
isolation.7 Differentiation between DF and DHF/DSS was based on
the World Health Organization criteria.2
Data Analysis. Data management was conducted using Microsoft
Access, and data analysis was performed using STATA 9 (StataCorp
LP, College Station, TX). Means were compared using multivariate
analysis of variance procedures or one-sided t tests. Random-effects
logistic regression analyses were used to compute the adjusted and
unadjusted odds ratios. Receiver operating characteristic (ROC)
analysis was performed to determine the optimal cutoff values.
Human Subjects Approval. This study was approved by the human
subjects committees at UC Berkeley, Stanford University, the Nicaraguan Ministry of Health, the HIMJR, and the World Health
Organization.

ROC curve for day 3 to 4 was 0.77 and for day 5 to 6 was 0.90. Best
results were obtained with cutoff values of 4 and 5 mm GBWT.
Sensitivity and specificity for 4 and 5 mm cutoff values on day 3 to
4 were 80.0% and 79.1%, and 80.0% and 86.1%, respectively. With
a population prevalence of 19% DHF/DSS in our study, the positive
predictive value, negative predictive value, and percentage correctly
classified were 47.1%, 94.4%, and 79.3% for a cutoff of 4 mm, and
57.1%, 94.9%, and 84.9% for a 5 mm cutoff on days 3 to 4
postsymptom onset. Sensitivity and specificity on days 5 to 6 were
100.0% and 79.0% for a cutoff of 4 mm and 87.5% and 86.8% for
a cutoff of 5 mm. Positive predictive value, negative predictive
value, and percentage correctly classified were 50.0%, 100%, and
82.6% for a 4 mm cutoff and 58.3%, 97.1%, and 87.0% for a 5 mm
cutoff on days 5 to 6. Although the mean GBWT differed significantly between children with dengue and OFI (P ⫽ 0.01), GBWT
did not have high sensitivity/specificity as a diagnostic for DENV
infection.
An increased GBWT also significantly correlated with decreased platelet count and increased hematocrit. Patients with low
platelets (ⱕ100,000 cells/mm3) had a mean GBWT of 6.12 mm
compared with 3.04 mm in those with normal platelet count (P ⬍
0.01) (Fig. 1B). A random effects logistic regression analysis of
GBWT cutoff values of 4 and 5 mm in relation to low platelet count
yielded odds ratios of 20.1 (95% CI: 4.5– 89.2) and 16.6 (4.9 –56.4),
respectively, when adjusted for age and sex. Similarly, mean GBWT
in patients with elevated hematocrit/hemoconcentration was 5.80
mm compared with 2.51 mm in those without (P ⬍ 0.01) (Fig. 1C).
Random effects logistic regression analysis showed that GBWT of
ⱖ5 mm was significantly associated with increased hematocrit 关OR:
5.7 (1.6 –20.8)兴, whereas the same tendency was observed for a
cutoff of ⱖ4 mm 关OR: 3.0 (0.9 –9.8)兴.

RESULTS
Of a total of 73 study participants, 55 (75%) were laboratoryconfirmed as DENV infections, whereas 18 (25%) tested negative
for dengue and were classified as OFI. Of those with confirmed
DENV infection, 44 (80%) were classified as DF and 11 (20%) were
diagnosed with DHF/DSS. Ultrasound-measured GBWT was found
to be significantly different between all 3 subgroups of patients
when adjusted for age and sex (P ⬍ 0.01). Patients with OFI had the
lowest mean GBWT (2.00 mm), whereas DF patients had a mean
GBWT of 3.31 mm, and patients with DHF/DSS displayed a mean
GBWT of 6.21 mm (Fig. 1A). Differences in GBWT between the 3
patient groups was significant (P ⬍ 0.01) 3 to 4 days as well as 5 to
6 days postonset of symptoms.
To evaluate ultrasound GBWT as an indicator of DHF/DSS,
a ROC analysis was performed using ultrasound results grouped by
2-day intervals postsymptom onset (Table 1). The area under the

DISCUSSION
To our knowledge, this study is the first published report that
uses ultrasound measurement of GBWT to differentiate between
pediatric nondengue controls (OFI), classic DF, and DHF/DSS and
to use ROC analysis to determine the optimal cutoff values for
GBWT. Many studies have examined exclusively DHF patients4,8,9
or do not differentiate between DF and DHF,5 and importantly, do
not include nondengue patients.3,4,6,9 –11
Positive GBWT is often defined as greater than 3 mm9,10,12;
yet, with regards to pediatric dengue in our study, we found more
favorable sensitivity and specificity using values of ⱖ4 and ⱖ5 mm
to differentiate DHF/DSS. Although the best sensitivity/specificity
results were achieved on day 5 to 6 postonset of illness, GBWT was
also promising as a prognostic test for severe dengue on day 3 or 4,
the time before the onset of the critical phase. Significant differences
were also found in GBWT between dengue-negative patients and

TABLE 1. Ultrasound-Measured Gall Bladder Wall Thickening as a Prognostic Test for
Dengue Hemorrhagic Fever

Day 3– 4
3 mm
4 mm
5 mm
Day 5– 6
3 mm
4 mm
5 mm

Sensitivity %
(95% CI)

Specificity %
(95% CI)

Positive Predictive
Value % (95% CI)

Negative Predictive
Value % (95% CI)

Percent Correctly
Classified

80.0 (44.4 –97.5)
80.0 (44.4 –97.5)
80.0 (44.4 –97.5)

62.8 (46.7–77.0)
79.1 (64.0 –90.0)
86.0 (72.1–94.7)

33.3 (15.6 –55.3)
47.1 (23.0 –72.2)
57.1 (28.9 – 82.3)

93.1 (77.2–99.2)
94.4 (81.3–99.3)
94.9 (82.7–99.4)

66.0
79.3
84.9

100.0 (63.1–100.0)
100.0 (63.1–100.0)
87.5 (47.4 –99.7)

52.6 (35.8 – 69.0)
79.0 (62.7–90.4)
86.8 (71.9 –95.6)

30.8 (14.3–51.8)
50.0 (24.6 –75.4)
58.3 (27.7– 84.8)

100.0 (83.2–100.0)
100.0 (88.4 –100.0)
97.1 (84.7–99.9)

60.9
82.6
87.0

© 2007 Lippincott Williams & Wilkins
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DF cases. Cutoff values of ⱖ4 and ⱖ5 mm were found to be optimal
as both diagnostic and prognostic indicators DHF/DSS.
Few studies of ultrasound in dengue management have correlated results with other specific indicators of dengue severity. One
study in Mexican adults examined several parameters and only
found association of GBWT with ascites, not thrombocytopenia
(hemoconcentration was not evaluated).11 Balasubramanian et al3
examined the presence of hemoconcentration in relation to ultrasonographic evidence of plasma leakage, but did not evaluate
GBWT. In contrast, our study demonstrated a significant correlation
of GBWT as measured by ultrasound with both thrombocytopenia
and increased hematocrit, two hallmark features of severe dengue.
Our findings from a pediatric population in the Americas are
consistent with other reports of ultrasound measurement of GBWT
in both children and adults. Although multiple reports have been
published on the use of ultrasound in the management of DF, nearly
all come from medical centers in Asian countries,3– 6,8 –10,12 where
the burden of disease is different from that found in Nicaragua and
the Americas. One recent article examined GWBT to confirm
DHF in Mexico, but in an adult population.11 Among the reports
that explore the use of ultrasound in pediatric dengue cases in
Asia, none differentiated between DHF and DF.5,8,9 The one
study that did examine DF and DHF in children did not specifically evaluate GBWT.3
Usually, only a minority of hospitalized dengue patients in
Nicaragua (⬃25%) develop manifestations of DHF/DSS. However,
it is of vital importance to identify the cases early because DHF/DSS
is a potentially fatal condition. The high negative predictive values
we found for detecting DHF/DSS demonstrate that ultrasound can
be used reliably in outpatient and inpatient settings in triage to rule
out DHF/DSS in patients with suspected dengue and to help determine which patients to monitor closely or hospitalize. In conclusion,
ultrasound appears to be useful as a tool for diagnosing pediatric
DHF/DSS and as a prognostic indication of which patients are at
increased risk for developing severe disease.
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Abstract: A previous study at our institution revealed 98% of
methicillin-resistant Staphylococcus aureus (MRSA) isolates were
susceptible to clindamycin; however, ␤-lactams were then the predominant empiric treatment. This follow-up chart review study
examined subsequent staphylococcal skin and soft tissue infection
treatment and susceptibility patterns over a 2-year period. Of 296 S.
aureus skin and soft tissue infections, 73% were MRSA, of which
87% were community-associated-MRSA; MRSA infections peaked
in warm summer months. Despite a significant increase in empiric
clindamycin use, 97% of community-associated-MRSA isolates
retained susceptibility to clindamycin.
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M

ethicillin-resistant Staphylococcus aureus (MRSA) has become a leading cause of community-associated (CA) skin and
soft tissue infections (SSTIs) nationwide.1–3 Clindamycin is an
important therapeutic option for treating children with CA-MRSA
infections at some institutions; however, there is concern about the
increasing threat of clindamycin resistance.3– 6 Ongoing surveillance
of local antimicrobial resistance patterns for S. aureus is essential for
guiding appropriate empiric therapy in patients with suspected
staphylococcal infections.
The goals of this 2-year follow-up to a previous surveillance
study at our Baltimore institution were to characterize: subsequent
trends in the frequency of CA-MRSA among pediatric SSTIs,
empiric antibiotic choice for these infections, patterns of antibiotic
susceptibility, and risk factors for hospital admission.3
© 2007 Lippincott Williams & Wilkins

The Pediatric Infectious Disease Journal • Volume 26, Number 9, September 2007

MATERIALS AND METHODS
We conducted a retrospective chart review of cultureproven S. aureus SSTIs presenting to The Johns Hopkins Hospital Pediatric Emergency Department (PED) from November 1,
2003, through October 31, 2005. All S. aureus skin and soft
tissue culture isolates (which were routinely collected in clinical
practice) from children 0 to 18 years of age who were admitted
to the PED during the study months were included in this
analysis. Subsequent cultures from the same patient within a
30-day period were excluded from analysis.
Healthcare-associated (HA) infections were defined as: (1) an
infection beginning ⬎48 hours after presentation to the hospital; (2)
history of hospitalization, surgery, dialysis, or residence in a longterm care facility within the past 12 months; (3) permanent indwelling catheter or percutaneous medical device present at the time of
culture. CA infections were defined as those that lacked the HA risk
factors mentioned above. Prior MRSA infections were not considered a risk factor for HA infection because of the known propensity
of CA-MRSA to cause recurrent infections.7,8
Antimicrobial susceptibilities were classified by disk diffusion with the Clinical and Laboratory Standards Institute methods
and interpretation guidelines for the following antimicrobials: clindamycin, erythromycin, gatifloxacin, oxacillin, tetracycline, and
trimethoprim-sulfamethoxazole. Testing for inducible macrolidelincosamide-streptograminB resistance by the D-test was routinely
performed on all isolates exhibiting erythromycin-resistance and
clindamycin-susceptibility patterns.9 Empiric antibiotic choice was
classified as concordant if the isolate was susceptible in vitro
(including D-test results to that antibiotic); otherwise, it was classified as discordant. For the purpose of analyzing temporal and
seasonal trends, study months were grouped as: quarter 1: January,
February, March; quarter 2: April, May, June; quarter 3: July,
August, September; and quarter 4: October, November, December.
Dichotomous variables were analyzed with a 2 or Fisher’s
exact test. Because of non-normal distributions in our data, comparisons of continuous outcome variables were conducted using the
Mann-Whitney U or Kruskal-Wallis tests. Risk factors associated
with inpatient admission were assessed with univariate and multivariate logistic regression analysis. P ⬍ 0.05 was considered statistically significant in all analyses.
RESULTS
During the 2-year period, 296 cultures from 293 patients
were included in the analysis. Fifty-six percent and 85% of
infections occurred in girls and African American patients, respectively. The average age was 8.7 years old (range, 0.04 –18.8).
Infections occurred more often on areas solely on or below the
abdomen (63%), than on areas solely above the abdomen (31%),
and 6% were combination or unclassified wounds. Sixty-nine
percent of infections were diagnosed as abscesses, 14% as cellulitis, 9% as abscess with cellulitis, and 8% as other. Seventy-six
percent of patients (222 of 296) had an infection that required a
drainage procedure during the emergency department (ED) visit
关similar for MRSA and methicillin-susceptible Staphylococcus
aureus (MSSA) infections兴. Twenty-one percent of infections (63
of 296) required admission to the hospital.
The total number of both MRSA (84 to 133) and MSSA (34
to 45) SSTIs increased from year-1 to year-2. MRSA accounted for
73% of S. aureus infections overall (217 of 296), and the proportion
of infections due to MRSA remained similar from year-1 to year-2
(71% versus 75%, P ⫽ 0.5). In analysis of seasonality, quarter 3 (ie,
July, August, and September) had a significantly higher number of
total S. aureus (P ⫽ 0.02) and MRSA infections (P ⫽ 0.01)
compared with the other 3 quarters. However, the proportion of
© 2007 Lippincott Williams & Wilkins
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FIGURE 1. Seasonality trends of culture-proven MSSA and
MRSA infections over the study period by quarter.

infections due to MRSA in each quarter was not significantly
different (Fig. 1).
The overall proportion of S. aureus SSTIs classified as CA
remained stable during the study period; year-1 (81%) versus year-2
(85%, P ⫽ 0.3). Overall, MRSA accounted for 77% of CA SSTIs but
only 56% of HA SSTIs (P ⫽ 0.002). Of all 217 MRSA infections in the
2-year period, 87% (189) were CA-MRSA. From year-1 to year-2,
CA-MRSA accounted for a similar, majority proportion of all S. aureus
SSTIs (61% versus 66%), of all CA SSTIs (75% versus 77%) and of all
MRSA SSTIs (86% versus 88%).
Clindamycin was the most commonly prescribed antibiotic
(188 of 296 patients, 64%), followed by ␤-lactams (22%), and
trimethoprim-sulfamethoxazole (3%). Three percent of patients
were not prescribed any antibiotic; all of these cases occurred in
year-2. The percentage of patients prescribed empiric clindamycin
increased from 55% in year-1 to 69% in year-2 (P ⫽ 0.01), whereas
␤-lactam use decreased from 39% to 11% (P ⬍ 0.001).
Susceptibility patterns for S. aureus SSTI isolates can be found
in Table 1. D-tests were performed for all 222 S. aureus isolates with
erythromycin-resistance and clindamycin-susceptibility; however, only
4 (2%) exhibited inducible clindamycin resistance, and this finding
remained stable across the study years. Additionally, 6 isolates were
determined to be overtly clindamycin-resistant with an MIC ⬎2 g/
mL. Therefore, during the 2-year period, a total of 10 (3%) S. aureus
isolates were resistant to clindamycin.
Of the 282 infections for which empiric antibiotics were prescribed in the PED, 275 had susceptibility results available for analysis.
Of these 275 cases, 20% (n ⫽ 56) were prescribed an antibiotic that was
discordant with susceptibility testing results. Twenty-three percent of
patients presenting with CA infections were prescribed an antibiotic to
which the isolate was not susceptible, compared with 9% of patients
with HA infections (P ⫽ 0.04). Eighty-one percent (42 of 52) of the
discordant prescriptions for CA infections were for ␤-lactam antibiotics. For CA infections, empiric prescribing of clindamycin was concordant with susceptibility results 97% (155 of 160) of the time, compared
with 25% (14 of 56) of the time for ␤-lactams (P ⬍ 0.0001).
The following factors had a significant association with inpatient admission to the ED in multivariate logistic regression: age
⬍2 years, hospitalization within the last 12 months, any imaging
study required in the ED, and presentation with an infection diagnosis of cellulitis.
DISCUSSION
MRSA accounted for the majority (73%) of S. aureus SSTIs
encountered in the PED during the 2-year study period. Most (87%)
of these MRSA infections were CA-MRSA, occurring in children
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TABLE 1. Antibiotic Susceptibilities of Staphylococcus aureus SSTI Isolates*
Antibiotic
Erythromycin
Clindamycin
TMP-SMX
Gatifloxacin†
Tetracycline

MRSA (n ⫽ 217)

MSSA (n ⫽ 79)

HA (n ⫽ 28)

CA (n ⫽ 189)

All MRSA

HA (n ⫽ 22)

CA (n ⫽ 57)

All MSSA

11
93
100
4
82

6
97
100
10
83

7
96
100
9
83

68
86
100
91
95

77
98
98
84
98

75
95
99
86
97

All S. aureus (n ⫽ 296)
25
96
99
29
86

*All values are given in percentages. Percentages given are for percent susceptible to the antibiotic listed in each row; resistances can be calculated in most cases by subtracting the
percentage given from 100%.
†
For Gatifloxacin, the majority of MRSA isolates were “intermediately resistant” (49% CA-MRSA, 64% HA-MRSA, 51% all MRSA).

without traditional healthcare contact risk factors. In fact, 64% of all
S. aureus SSTIs were CA-MRSA, a substantial increase from the
45% rate reported from our institution for the 6-month period just
before the current study.3
Despite recent reports of rising rates of clindamycin-resistance in other geographic regions, this study confirms that clindamycin susceptibility among pediatric CA-MRSA SSTI isolates
through the end of 2005 in our Baltimore institution remains above
95%, essentially unchanged from initial findings in 2002–2003.3,6,10
Susceptibility to clindamycin has persisted even as its use for
treatment of these infections has increased. The finding that 96% of
all isolates in our study were susceptible to clindamycin confirms the
appropriateness of clindamycin as empiric therapy for treatment of
suspected staphylococcal SSTIs in children at our institution.
Kaplan et al depicted an apparent increase in staphylococcal
SSTIs during warm months.10 We observed a similar pattern across
both study years in the warm Baltimore months of July, August, and
September.
MRSA infection was not a predictor of inpatient admission in
multivariate analysis, in contrast to previous reports that adverse
clinical outcomes of HA S. aureus infections were attributable to
methicillin resistance. In our analysis, patient-specific factors were
more predictive of inpatient admission, indicating that patient factors may be more important determinants than bacterial resistance
pattern. In fact, the decision to hospitalize was made in most cases
before culture results were available.
Limitations of this study include that infections were classified as CA or HA by clinical risk factors; isolates were not available.
Additionally, this study was limited to culture-proven S. aureus
infections and did not capture SSTIs in which no culture was taken,
or due to other organisms. Clinical outcome, fever, and size of
abscess were frequently not available in this chart review study.
In conclusion, most staphylococcal SSTIs in our PED are
caused by MRSA in children lacking traditional healthcare contact
risk factors, continuing a rising trend first noted in 2003. CA-MRSA
appears to have a seasonal peak in the warm quarter of the year.
Physicians have significantly increased their prescription of clindamycin for treatment of staphylococcal SSTIs, increasing the use of
an antibiotic that is concordant with in vitro susceptibility. Fortunately, clindamycin susceptibility among all staphylococcal SSTI
isolates, and particularly among CA-MRSA isolates, has remained
extremely high, justifying continued use of clindamycin for empiric
therapy. Ongoing surveillance of antibiotic susceptibility trends will
be essential to detect shifts in resistance patterns over time.
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Abstract: This retrospective review evaluates the response to caspofungin when given to children with febrile neutropenia and describes
adverse effects attributable to caspofungin, including risk of hepatotoxicity during concomitant therapy with cyclosporine. Sixty-seven
courses of caspofungin administered to 56 patients (1–17 years) were
surveyed; 53 (79%) courses resulted in an overall favorable response.
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Caspofungin for Febrile Neutropenia

Ten children (15% of courses) experienced an adverse drug-related
event that was probably or possibly attributable to caspofungin. Rash
and hypokalemia were the most commonly identified adverse effects.
One of 19 children receiving caspofungin and cyclosporine concurrently developed hepatotoxicity possibly related to caspofungin.

proportion of patients with an overall favorable response to caspofungin, and the incidence of caspofungin-related adverse reactions.

Key Words: caspofungin, febrile neutropenia, children, cancer

Patient Characteristics. Sixty-seven courses of caspofungin were
completed in 56 patients (33 boys; median age, 8 years; age range,
1–17 years) for the empiric management of febrile neutropenia. Of
these, 26 courses were administered to 23 HSCT patients. In 54
(81%) of courses, patients had received an antifungal agent other
than caspofungin within 14 days before receiving caspofungin. In 43
courses, including 22 courses in patients undergoing HSCT, fluconazole prophylaxis had been given before caspofungin. The median
duration of fever before the start of caspofungin was 5.4 days
(0.6 –24 days).
Class and Type of Fungal Infection. In 7 (10%) courses, patients had
proven baseline fungal infections (aspergillosis: 2 patients; candidemia: 3 patients; yeast cells: 1 patient; zygomycetes: 1 patient). Of
these, 4 had received an antifungal agent within 14 days before
starting caspofungin 关fluconazole (2 patients), conventional amphotericin (1 patient), Abelcet (1 patient)兴.
Response Endpoints of Caspofungin Empiric Therapy. An overall
favorable response to caspofungin was achieved in 53 (79%) of
courses. Fever alone resolved in 57 (85%) courses. None of the
patients had breakthrough fungal infection. Six patients (9%) died
within 7 days of stopping caspofungin or while receiving caspofungin; no death was related to caspofungin or due to fungal infection.
Of the 7 patients who had a proven baseline fungal infection, 4
(57%) had complete resolution of the fungal infection while receiving caspofungin.
Caspofungin was discontinued in 41 (61%) courses because
the episode of febrile neutropenia had resolved. Caspofungin was
discontinued in 9 (13%) courses because of lack of efficacy or an
adverse event attributed to caspofungin. Three patients completed
antifungal treatment at home with oral voriconazole after having
shown improvement while receiving caspofungin; these patients
were considered to have had an overall favorable response to
caspofungin. Caspofungin was discontinued in 5 palliative patients,
2 of whom were considered to have had an overall favorable
response to caspofungin. Caspofungin was never discontinued due
to hepatotoxicity or nephrotoxicity.
Adverse Events. No patient experienced an adverse event that was
definitely attributable to caspofungin. All of the following adverse
events were possibly related to caspofungin (1 course each, 1.5%):
nausea, vomiting, hypomagnesemia, nephrotoxicity, and hepatotoxicity. In addition, rash (2 courses, 3%) was possibly related to
caspofungin and prompted the discontinuation of caspofungin in 1
(1.5%) of these courses. Hypokalemia was probably (2 courses, 3%)
and possibly (1 course, 1.5%) attributable to caspofungin. One of
these patients had hypokalemia during treatment with amphotericin
immediately before the initiation of caspofungin.
Interaction With Cyclosporine. Nineteen patients received cyclosporine and caspofungin concurrently. The single patient who had
hepatotoxicity that was possibly associated with caspofungin was
one of these patients. Caspofungin was neither modified nor curtailed in this patient because of hepatotoxicity. Neither was this
patient’s target whole blood cyclosporine concentration modified.
No other patient who received concomitant cyclosporine and caspofungin therapy experienced hepatotoxicity.
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hildren receiving antineoplastic treatment are at risk for lifethreatening infections during periods of neutropenia.1 Guidelines regarding the management of fever in patients with febrile
neutropenia recommend broad-spectrum antibiotics initially and an
antifungal agent after 5–7 days of persistent fever because of the
possibility of invasive fungal infection.1 Amphotericin is recommended because it has a wide spectrum of activity, but it is
frequently associated with infusion-related reactions, nephrotoxicity, and hypokalemia.2
Caspofungin is active against a broad spectrum of fungi,
including strains that are resistant to amphotericin and azole antifungal agents. It also has fewer drug interactions than azole antifungal agents and a few drug-related adverse effects.3
At our institution, caspofungin is an alternative to amphotericin for the empiric management of fever in febrile neutropenic
patients 2 years or older, who remain febrile despite treatment with
broad spectrum antibiotics for 5–7 days.4 These patients receive
caspofungin if they: have acute myelogenous leukemia or relapsed
acute lymphoblastic leukemia; are undergoing hematopoietic stemcell transplant (HSCT); or have abnormal renal function, uncontrolled infusion-related reactions, or uncontrolled hypokalemia due
to amphotericin. The recommended caspofungin dose is 50 mg/m2/d
as a single dose (maximum, 70 mg/dose).2
The primary objectives of this study were to describe the
efficacy of empiric caspofungin administration, its potential for
adverse effects and possible drug interaction with cyclosporine in
children with febrile neutropenia.
MATERIALS AND METHODS
This study was approved by the Research Ethics Board at The
Hospital for Sick Children, Toronto, Canada.
Health records of patients who received cancer chemotherapy
or who underwent HSCT and received caspofungin for the empiric
management of febrile neutropenia from June 1, 2005, to April 30,
2006, were retrospectively reviewed. Data were collected for each
patient from 2 weeks before the initiation of caspofungin, for the
duration of its administration, and for 7 days after the last dose.
The presence of a fungal infection (possible, probable, or
proven)5 and the likelihood that an adverse drug-related reaction
was attributable to caspofungin were assessed.6 A favorable overall
response to caspofungin was based on the criteria described by
Walsh et al.2
Statistical Analysis. Descriptive statistics were used to delineate the
proportion of proven, probable, and possible fungal infections, the
© 2007 Lippincott Williams & Wilkins

RESULTS

DISCUSSION
Our study provides support to the current evidence that caspofungin has minimal adverse effects and is safe in children. Khayat et al7
observed similar efficacy (caspofungin versus liposomal amphotericin
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B; 12 of 13; 92% in both groups) in 26 children with persistent febrile
neutropenia. The only adverse effect observed in the caspofungin
group, hypokalemia, was reported in 1 of 13 patients.
Groll et al8 reported the experience of 64 pediatric patients who
received at least 1 dose of caspofungin either alone or in combination
for possible, probable, or proven invasive fungal infections. Of the 62
adverse events that were possibly related to caspofungin, the most
common were fever (26 patients), nausea and/or vomiting (19 patients),
and diarrhea (7 patients). However, none of these adverse events led to
discontinuation of caspofungin.
In our study, adverse drug-related events associated with
caspofungin were uncommon (15%) and were either only probably
or possibly related to caspofungin. Walsh et al2 reported a higher
incidence of caspofungin-related adverse events (54.4%) in older
adolescents and adults, but adverse events attributable to caspofungin in 39 children were at a frequency similar to our findings (5 of
39; 12.8%).9 Rash and hypokalemia were each observed in 1
patient.9 We observed hypokalemia and rash in 3 (4.5%) and 2 (3%)
caspofungin courses, respectively.
Concerns have been raised regarding an increased risk of transient elevation in serum transaminase concentrations when caspofungin
is used concomitantly with cyclosporine. Of the 19 patients who
received concomitant cyclosporine in our study, 1 patient had elevated
serum transaminase concentrations. Caspofungin was continued despite
this finding with no adverse consequences. Two other groups of
investigators have retrospectively studied the risk of hepatotoxicity
during concurrent caspofungin and cyclosporine; neither found cyclosporine to entail an increased risk.8,10
Limitations of our study stem from its retrospective nature
and small sample size. The relatively small number of courses
reviewed precludes a true assessment of clinical efficacy and may
have affected the observed frequency of drug-related adverse events.
Very rare adverse effects of caspofungin are not likely to be
identified until the drug is in wide use in varied populations.
Nevertheless, our study describes the experience with caspofungin
in the largest number of children to date.
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PROPIONIBACTERIUM ACNES ENDOCARDITIS IN AN
ADOLESCENT BOY SUFFERING FROM A
CONGENITAL CARDIOPATHY
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Abstract: Propionibacterium acnes endocarditis is an uncommon
infection in pediatrics. We describe a case of P. acnes endocarditis in a
16-year-old boy that occurred 6 months after recurrent surgery for a
congenital cardiopathy. Molecular identification of P. acnes was obtained. He recovered from this infection after a surgical treatment and
with a prolonged antibiotic regimen including ceftriaxone.
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ropionibacterium acnes is an anaerobic, nonspore-forming, slow
growing Gram-positive skin-commensal bacillus. It is often
considered as a blood culture contaminant but in some patients it has
been identified as the causative agent of life-threatening infections.
It can be responsible for serious infections such as brain abscesses,
endophtalmitis, subdural empyema, osteomyelitis, native or prosthetic valve endocarditis,1 and aortic aneurysms.2 Few cases of P.
acnes endovascular devices have been reported, mostly on aortofemoral prosthesis.3 We report here a case of subacute pulmonary
artery prosthesis infection caused by P. acnes in a 16-year-old boy
suffering from congenital heart disease.
CASE REPORT
In March 2006, a 16-year-old boy was admitted to our
hospital for management of a suspected pulmonary artery prosthesis
infection. He had a history of pulmonary atresia with ventricular
septal defect and had had 4 cardiac surgical interventions. In 1991,
April 1993 and September 1993, surgery consisted of systemicpulmonary shunts including successively right, central and left
Gore-Tex interposition grafts. In October 2005, a 11-mm prosthetic
tube (Shelhig) was inserted between the pulmonary artery and the
right ventricle. The pulmonary arteries were enlarged with autologous pericardial patches with no immediate postoperative sequelae.
In March 2006, he developed palpitations and weakness. He had no
fever. The physical examination was unchanged. He had no acne
lesion. A false aneurysm of the prosthesis was suspected on a
transthoracic echocardiography. There was no evidence of vegetation seen on the atrioventricular or aortic valves. The presumptive
diagnosis was confirmed by a non-ECG-gated cardiac computed
tomography that revealed a false aneurysm of the infundibulum
patch caused by a disruption between the pericardial patch and the
© 2007 Lippincott Williams & Wilkins
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prothesis (Fig. 1). A new surgical intervention was performed on
March 29: the prosthesis and the false aneurysm (7 cm ⫻ 4 cm) were
removed and a new Gore-Tex prosthesis was inserted between the
right ventricle and the pulmonary artery trunk. He received antibiotics (vancomycin and amikacin) during the surgical intervention.
An abscess surrounded the prosthesis. Infected prosthesis and
pus were sent to the laboratory. Gram stain of the pus disclosed no
bacteria. The culture of pus, prosthesis, and several aerobic and
anaerobic blood cultures collected before antibiotic treatment remained sterile.
In the absence of microbial cultures, we performed a universal 16S rRNA PCR amplification from different sites of the pulmonary prosthesis and pleural fluids. Amplification and sequencing of
the bacterial 16S rRNA gene revealed the presence of P. acnes on 2
different sites of the pulmonary prosthesis and in the pleural fluid).
The diagnosis of vascular device infection with P. acnes was thus
confirmed on April 21, 2006. The patient received several antibiotic
regimens before precise microbiologic identification: imipenem,
vancomycin, amikacin, piperacillin, tazobactam, spiramycin, and
ciprofloxacin. After the identification of P. acnes, vancomycin alone
was given. The patient was febrile from March 29, 2006 to April 22,
2006. He then became afebrile after the interruption of vancomycin
and we concluded that it was an antibiotics related fever.
Because of persistent fever ascribed to vancomycin administration, we decided to introduce a new antibiotic regimen including
ceftriaxone 2 g/d and gentamicin 3 mg/kg/d during 15 days. The patient
gained weight, was afebrile, and the echocardiography did not reveal a
collection around the new prosthesis. He was discharged with ceftriaxone 2 g/d and rifampin 20 mg/kg/d for 1 month, then he received
amoxicillin 3 g/d and rifampin for 3 months. The patient resumed
normal activity and he remains asymptomatic in March 2007.
DISCUSSION
Propionibacterium acnes is a rare cause of endocarditis that
affects mostly intracardiac prosthetic materials such as artificial
valves, pacemaker leads,4 or annuloplasty rings5 but native valves

Propionibacterium acnes Endocarditis

can also be infected. To our knowledge, 54 cases of P. acnes
valvular endocarditis have been reported. Only 4 children or adolescents were involved. Endocarditis occurred in 3 patients with
congenital heart diseases.6 Eight cases of P. acnes infection of
endovascular devices have been reported: 7 on aortofemoral prosthesis and 1 on a ventricular patch.
The diagnosis of P. acnes endocarditis can be difficult. Fever
occurs in 72%6 but the infection can be indolent and the diagnosis
is often delayed several weeks after disease onset, as in our patient.
Several factors can delay institution of appropriate therapy against
P. acnes: the indolent clinical course of the disease, negative or
delayed blood culture results, and the fact that P. acnes may be
considered to be a blood-culture contaminant. This might explain
why a high proportion of cases of P. acnes endocarditis (70.6%)
required surgical intervention because of severe valvular damages or
abscesses.7
P. acnes takes a long time to grow (about 3–7 days) and the
transportation of infected samples and culture require anaerobic
conditions, even if P. acnes cannot be considered as a strict anaerobic bacterium.1 PCR amplification of bacterial 16S rDNA should
help for the diagnosis of this infection: it has been reported for the
diagnosis of a hip prosthesis8 infection, aortic aneurysms,2 and an
aortofemoral prosthetic infection.3 Here PCR amplification and
sequencing of 16S rRNA gene was positive on 2 different fragments
of the pulmonary prosthesis and in pleural fluid confirming the
diagnosis.
No precise therapeutic guidelines are currently available for
the management of P. acnes endocarditis. Antibiotics such as
vancomycin, ceftriaxone, cefazolin, amoxicillin, penicillin, clindamycin, pefloxacin, rifampicin, erythromycin, tetracyclin are active
in vitro against P. acnes. We chose ceftriaxone because it is active
against P. acnes, given once daily and is well tolerated. Caution
must be taken because recent data suggest that although P. acnes
isolates remain highly susceptible to ceftriaxone, an antagonism has
recently been observed between cefotaxime and linezolid, cipro-

FIGURE 1. Giant false aneurysm of the pulmonary infundibulum (left panel). Note also the disharmonious hypoplasia of the
pulmonary artery tree, including thin and irregular pulmonary branches (right panel).
© 2007 Lippincott Williams & Wilkins
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floxacin, and clindamycin.9 In our case, duration of therapy was
prolonged because P. acnes can produce biofilm on biomaterials.10
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Abstract: Nocardia spp. can cause pulmonary infection, usually in
the setting of immunosuppression or underlying lung disease. There
have been a few reports of these organisms isolated from cystic
fibrosis patients and, when recovered, the isolates were almost
always Nocardia asteroides. We present the first reported case of a
child with cystic fibrosis harboring Nocardia farcinica.
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ocardia spp. are Gram-positive, aerobic, saprophytic bacteria
with worldwide distribution. These branching filamentous bacilli are partially acid-fast, and have a beaded appearance on Gram
stain. When grown on routine bacteriologic media, Nocardia spp.
usually become detectable within 2 to 7 days; however, slowly
growing strains may require 2 or 3 weeks of incubation before
becoming apparent.1
Infection by Nocardia spp. is relatively uncommon and usually manifests as primary pulmonary disease, acquired by inhalation
of dust particles. Nocardia spp. are also implicated in primary
cutaneous infections and wound infections.2 The organism may
spread hematogenously to produce abscesses of the brain or other
organs.2 Although not usual human commensals, Nocardia spp. can
be present as asymptomatic colonizers.3 Importantly, bacteria of this
genus exhibit natural resistance to many antibiotics.
Pulmonary infection or colonization by Nocardia spp. usually
arises in immunocompromised hosts or in those with severe underlying lung disease, and has uncommonly been reported in the
pediatric population. Pulmonary nocardiosis can manifest as acute,
subacute, or chronic disease. Symptoms may include cough, shortness of breath, fever, sputum production, or chest pain. No radiologic features are pathognomonic. Chest radiograph can demonstrate
areas of consolidation, mild diffuse infiltrates, reticulonodular patterns, or cavitation.4,5
Few cases of infection or colonization by Nocardia spp. in the
setting of cystic fibrosis (CF) have been reported in the English
language literature. In nearly all cases, the isolated organism was
identified as N. asteroides.
CASE REPORT
An 8-year-old boy with CF, who had also been treated for
allergic bronchopulmonary aspergillosis (ABPA) with oral and inhaled corticosteroids, presented for bronchoscopy for evaluation of
worsening of his chronic cough.
Initially diagnosed with CF at the age of 3, he had a history
of numerous upper and lower respiratory tract infections; previous
isolates included Moraxella catarrhalis, Pseudomonas aeruginosa,
Staphylococcus aureus, Stenotrophomonas maltophilia, and Alcaligenes xylosoxidans. In addition, Aureobasidium sp., an infrequent
fungal isolate in such patients, had been previously recovered in
culture of respiratory secretions from the patient. Ten months before
presentation, he was diagnosed with ABPA on the basis of elevated
serum IgE values, and Aspergillus fumigatus specific IgE, in conjunction with eosinophilia, and growth of A. fumigatus from sputum
culture. His history was also remarkable for hypersensitivity to
multiple classes of antibiotics. Treatment for ABPA included 8
months of alternate day oral prednisone given concurrently with a
6-month-course of itraconazole, and followed by 6 weeks of high
dosage fluticasone, an inhaled corticosteroid.
Physical examination was remarkable for fever of 103°F, weight
of 22 kg (5th percentile), and crackles at the base of the left lung
posteriorly. Chest radiograph demonstrated peribronchial thickening
consistent with cystic fibrosis, linear atelectasis at both lung bases, and
a new infiltrate in the apical segment of the left lower lobe.
Bronchoalveolar lavage (BAL) was performed. The fluid was
processed by cytocentrifugation with subsequent preparation of
Papanicolaou and Gomori methenamine silver stained smears. Cytologic evaluation demonstrated numerous aggregates of branching
filamentous organisms, some associated with neutrophils. A modified Ziehl-Neelsen acid fast stain showed a pattern of intermittent
staining along the filaments. The BAL fluid contained 2700 white
blood cells/L (80% neutrophils, 11% macrophages, 4% lymphocytes). Gram stain of the BAL fluid (without prior cytocentrifugation) showed many branching gram-positive bacilli and few gram© 2007 Lippincott Williams & Wilkins
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positive cocci; culture yielded S. aureus, A. fumigatus, and a
Nocardia sp., subsequently identified as N. farcinica based on its
antibiotic susceptibility profile and polymerase chain reaction amplification of a sequence of the 65 kDa heat shock protein-encoding
gene (hsp65), followed by restriction enzyme analysis (Identification
and antimicrobial susceptibility testing were performed by the Mycobacterial/Nocardia Research Laboratory, University of Texas
Health Center, Department of Microbiology, Tyler, Texas).
The patient was treated with twice-daily trimethoprim-sulfamethoxazole (80/400 mg) in conjunction with lowering of the
fluticasone dose. He was clinically improved within 2 weeks. The
infiltrate resolved on a chest radiograph taken after 4 weeks of
treatment. The trimethoprim-sulfamethoxazole was discontinued after 62 days because the patient developed urticaria. Three follow-up
sputum cultures failed to demonstrate Nocardia spp; however, a
sputum culture at 8 months, when the patient was receiving alternate
day prednisone, again yielded N. farcinica.
DISCUSSION
Cystic fibrosis renders patients susceptible to pulmonary
colonization and infection with a wide range of microorganisms.
Although chronic pulmonary disease is frequently cited as a predisposing condition in nocardiosis, Nocardia spp. are seldom isolated
from the airways of CF patients. Isolation of the organism may
indicate either infection or asymptomatic colonization; however,
when a respiratory specimen yields multiple isolates, as is frequently
the case in CF, this distinction may not be obvious.3 In the current
case, the patient presented with exacerbation of respiratory symptoms in combination with a new left lower lobe infiltrate. His
symptoms, as well as the infiltrate, resolved with a 62-day-course of
trimethoprim-sulfamethoxazole. Usually significantly longer courses of
antibiotics are required for treatment of nocardial infections. The
effectiveness of this short course of treatment raises the possibility
that the infecting organism was S. aureus, a coisolate from the BAL
specimen, rather than N. farcinica. Nonetheless, the presence of N.
farcinica, either as a component of the infection, or as a colonizer,
is of interest because of the rarity of the organism in this clinical
setting and its distinctive antimicrobial susceptibility pattern, notably, its resistance to third generation cephalosporins.
To our knowledge there is only one previous report of N.
farcinica isolated from the airway of a cystic fibrosis patient; the
patient, a 31-year-old woman, had symptoms of pulmonary infection, and notably, was an active gardener.6 However, organisms
previously identified as N. asteroides have recently been shown to
demonstrate 6 distinct patterns of antibiotic susceptibility (designated types I through VI), none of which correspond to the susceptibility pattern of the N. asteroides type strain.7 The type V susceptibility pattern, in fact, corresponds to N. farcinica.7 It is therefore
possible that previous N. farcinica isolates were misidentified as N.
asteroides, and that the frequency of N. farcinica in the setting of CF
is underestimated in the literature.
In the present case, the patient’s recent history of high dose
corticosteroid therapy for ABPA could have increased his susceptibility to nocardial colonization or infection. It has been observed that
long term treatment with corticosteroids in conjunction with underlying chronic lung disease strongly predisposes patients to develop-
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ment of nocardiosis.1 Of the very few reported cases of nocardial
isolates from CF patients, a significant proportion occurred in
conjunction with the administration of corticosteroids. These include
a case of N. asteroides infection in a 6-year-old boy with CF shortly
after beginning corticosteroid therapy5; 2 cases of nocardial pulmonary colonization associated with long term low-dose beclamethasone treatment8; and a case of N. asteroides infection in a 5-year-old
boy after prolonged use of budesonide nasal spray.9
The incidence of infection by Nocardia spp. has risen in the
past several decades, although not specifically in association with
CF.2 By contrast, infections with other higher order bacteria are now
seen with increasing frequency in the setting of CF, possibly
attributable to the longer life expectancy of CF patients, or to the
wider use of sampling and culture techniques appropriate for the
isolation of mycobacteria.10 A recent multicenter survey reported a
prevalence of nontuberculous mycobacteria of 13% in sputum samples from CF patients 10 years of age or older, although these
organisms were seldom reported in the presence of CF before
1990.10 The majority of these cases are attributed to members of the
Mycobacterium avium / intracellulare complex and Mycobacterium
abscessus.10 The latter organism, in analogy to N. farcinica, is noted
for its resistance to a broad range of antibiotics. Both corticosteroid
therapy and ABPA have been implicated as contributors to M.
abscessus infections in CF patients.11 Thus, the present case may fit
within the larger framework of higher order bacteria as emerging
pathogens in CF.
REFERENCES
1. Saubolle MA, Sussland D. Nocardiosis: review of clinical and laboratory
experience. J Clin Microbiol. 2003;41:4497– 4501.
2. Lederman ER, Crum NF. A case series and focused review of nocardiosis. Medicine (Baltimore). 2004;83:300 –313.
3. Rosett W, Hodges GR. Recent experiences with nocardial infections.
Am J Med Sci. 1978;276:279 –285.
4. Torres OH, Domingo P, Pericas R, Boiron P, Montiel JA, Vazquez G.
Infection caused by Nocardia farcinica: case report and review. Eur
J Clin Microbiol Infect Dis. 2000;19:205–212.
5. Pablo Y, Asher T. Nocardia asteroides infection in cystic fibrosis. Arch
Pediatr Adolesc Med. 1994;148:209 –210.
6. Dasgupta B, Brown N, Rennie R, Sand C. Isolation of Nocardia
farcinica from a cystic fibrosis patient (Abstract). Canadian Association
for Clinical Microbiology and Infectious Diseases, meeting in Regina,
Saskatchewan, Nov 7–10, 2004. Available at: http://www.cacmid.ca/
abstracts_04/h5_04. htm. Accessed October 16, 2006.
7. Brown-Elliot BA, Brown JM, Conville PS, Wallace RJ. Clinical and
laboratory features of the Nocardia spp. based on current molecular
taxonomy. Clin Microbiol Rev. 2006;19:259 –282.
8. Lumb R, Greville H, Martin J, Sangster N, Holmes M. Nocardia
asteroides isolated from three patients with cystic fibrosis. Eur J Clin
Microbiol Infect Dis. 2002;21:230 –233.
9. Kohn AS, Conrad DA. Recurrent fevers in a five-year-old boy with
cystic fibrosis. Pediatr Infect Dis J. 2003;22:474,478 – 479.
10. Olivier KN, Weber DJ, Wallace RJ, et al. Nontuberculous mycobacteria
I: multicenter prevalence study in cystic fibrosis. Am J Respir Crit Care
Med. 2003;167:828 – 834.
11. Mussafi H, Rivlin J, Shalit I, Ephros M, Blau H. Nontuberculous
mycobacteria in cystic fibrosis associated with allergic bronchopulmonary aspergillosis and steroid therapy. Eur Respir J. 2005;25:324 –
328.2

859

Mantadakis et al

The Pediatric Infectious Disease Journal • Volume 26, Number 9, September 2007
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nfections caused by Bartonella species (spp.) in children usually
present with regional lymphadenitis after cutaneous inoculation,
fatigue, and low-grade fever.1 Neurologic complications are rare,
with reversible encephalopathy, status epilepticus, neuroretinitis,
peripheral facial nerve paralysis, and chronic inflammatory demyelinating polyneuropathy accounting for the majority.2– 6
We describe the case of a 16-month-old immunocompetent
girl who developed encephalopathy complicated by Guillain-Barre
syndrome (GBS) and hydrocephalus and had serologic and molecular evidence of central nervous system infection with B. quintana.
CASE REPORT
A 16-month-old phenotypically normal girl with age-appropriate language and motor development presented to the emergency
room of another hospital with respiratory distress, cough, diarrhea,
vomiting, and decreased level of consciousness for 1 week. Her
medical history was unremarkable. The child was living in a rural
area and had frequent contact with domestic animals, including cats,
dogs, rabbits, and birds.
By report, on initial physical examination she had lethargy,
inability to hold her head, wheezing responsive to bronchodilators,
and mild dehydration with tachycardia, dry mucous membranes, and
paleness. An emergency CT scan of the brain showed no hemorrhage or cerebral edema. A lumbar puncture revealed 3 nucleated
cells/L (all lymphocytes), normal protein and glucose, and the
Gram stain and culture of the cerebrospinal fluid (CSF) were
negative for pathogens. The patient was empirically treated with
cefotaxime and ampicillin intravenously, salbutamol and ipratropium by nebulization, and transferred to us.
On admission to the Pediatric Intensive Care Unit the child
had moderate respiratory distress. A chest radiograph revealed a
right upper lobe infiltrate. She was intubated for increasing lethargy
and managed with mechanical ventilation. The antibiotic regimen
was modified with discontinuation of the ampicillin and addition of
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intravenous clindamycin and acyclovir. On the third hospital day, an
electroencephalogram (EEG) showed diffuse slowing. A lumbar
puncture performed the following morning showed 5 nucleated
cells/L (80% lymphocytes, 20% polymorphonuclears), 528 red
blood cells/L, glucose 109 mg/dL (concurrent plasma glucose 96
mg/dL), and protein 322 mg/dL (normal 5– 40 mg/dL); the Gram
stain and the cultures were negative. While the child remained on
mechanical ventilation, she demonstrated recurrent episodes of
“unexplained” tachycardia and hypertension requiring additional
sedation and antihypertensives. During the weaning period from
the sedatives, she had absent deep tendon reflexes, pupils with no
reaction to light, absent respiratory effort, no cough, and no
movement of the extremities. Based on these findings, an magnetic resonance imaging (MRI) scan of the brain and spinal cord
with gadolinium was obtained, and showed homogeneous uptake
throughout the lower spinal roots. A new lumbar puncture the
same day, 5 days after the previous study, revealed no nucleated
or red blood cells per L of CSF, glucose 78 mg/dL and protein
379 mg/dL.
Because the MRI scan of the brain and the findings of the
CSF were consistent with the diagnosis of GBS, she received
gammaglobulin 2 g/kg IV over 48 hours along with a 2 week course
of intravenous clarithromycin. The day following the end of gammaglobulin, the patient started to move her extremities. Nerve
conduction studies done 3 days after the end of gammaglobulin
showed reduced motor conduction velocity and amplitude suggestive of peripheral axonal damage. The patient was extubated 2 days
later, ie, 1 week after she received gammaglobulin and 23 days after
the Pediatric Intensive Care Unit admission. Due to irritability,
fussiness, recurrent episodes of vomiting, and inability to interact
appropriately with the parents, a new EEG was obtained and again
showed diffuse slowing. Two days later, ie, 5 days after extubation,
a new MRI scan of the brain and spinal cord with gadolinium was
diagnostic of acute hydrocephalus showing increased uptake
throughout the lower spinal roots with distention of the ventricular
system and CSF diffusion into the periventricular white matter. The
same day, she underwent placement of a ventriculoperitoneal shunt.
Postoperatively, the patient improved steadily. A new EEG demonstrated almost complete resolution of the diffuse slowing and the
patient was finally discharged to the general pediatric ward. The
patient continues to have the ventriculoperitoneal shunt and is
currently well, ⬎8 months after the described events with normal
neurologic examination.
METHODS
To investigate an infectious etiology, serum, whole blood,
and CSF specimens were obtained for culture, serology, and polymerase chain reaction (PCR) analysis. Serologic tests for cytomegalovirus, Epstein-Barr virus, Coxiella burnetii, Chlamydia spp.,
Brucella spp., Borrelia burgdorferi, and Toxoplasma gondii were
performed first, and then followed by investigations for a possible
Bartonella spp. infection. For this task, direct species subtyping by
PCR amplification with genus-specific primers based on the intergenic transcribed spacer (ITS) region was used, because species
subtyping with this method is very practical for the purposes of
diagnostic detection of Bartonella spp.
Serologic Detection of B. quintana by Immunofluorescence. Serology for Bartonella spp. was performed on serum obtained on
admission using an indirect immunofluorescent assay (Focus,
BIOSNA, Athens, Greece). Additional serologic studies were performed for other potential pathogens.
Detection of B. quintana DNA by PCR. DNA was extracted from
CSF samples obtained from the 2 lumbar punctures, and from 2
concurrently obtained ethylenediaminetetraacetic acid blood sam© 2007 Lippincott Williams & Wilkins
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ples, using the QIAmp blood minikit (Qiagen GmbH, Hilden,
Germany), according to instructions of the manufacturer. Samples
were handled under sterile conditions to avoid cross-contamination.
Genomic DNA was stored at 4°C until used as template in PCR
assays. For the detection of Bartonella spp. DNA, PCR amplification was performed with primers targeting the 16S-23S ribosomal
DNA ITS gene URBARTO.1 (5⬘-CTTCGTTTCTCTTTCTTCAA-3⬘)
and URBARTO.2 (5⬘-CTTCTCTTCACAATTTCAAT-3⬘), as previously described.7 Additionally, to confirm the results, 2 PCR procedures were performed using 2 sets of primers targeting the specific
B. quintana intergenic spacers 336 and 894.8 The last 2 primer pairs
had never been used in our laboratory. B. quintana (ATCC 51694)
DNA was used as a positive control. Two negative controls, ie, the
reaction mixture without any DNA template, and DNA extract from
a CSF sample of a patient with a noninfectious disease were used.
The PCR products were purified using the JETquick PCR product
purification spin kit (GenoMed, St. Louis, MO) and were directly
sequenced using a Beckman CEQ8000 automated sequencer (BioAnalytica SA, Genotypos, Athens, Greece). For all PCR products,
sequences from both DNA strands were determined. All sequences
obtained were compared with those available in GenBank by using
the BLAST program, available through the Worldwide Web at
www.ncbi.nlm.nih.gov/BLAST.
RESULTS
Serology revealed antibodies against B. henselae (IgM 1:160,
IgG 1:128) and B. quintana (IgM 1:160, IgG 1:256). Further
serologic tests showed no evidence of infection with cytomegalovirus, Epstein-Barr virus, Coxiella burnetii, Chlamydia spp., Brucella
spp., Borrelia burgdorferi or Toxoplasma gondii. A second serum
sample obtained 22 days after the first one, showed a rise in the IgM
and IgG titers against B. quintana (IgM 1:240, IgG 1:512), while
antibody titers to B. henselae remained unchanged. In a follow-up
serologic study 2 months after discharge, a decrease in the antibody
titers against B. quintana (IgM 1:80, IgG 1:128) was noted, and at
the most recent patient’s follow-up 4 months later, a 4-fold decrease
was seen (IgM 1:20, IgG 1:64).
Using the ITS primers for Bartonella spp., we detected PCR
products in the 2 CSF samples, whereas no product was obtained
from the 2 blood samples. Negative controls remained negative.
DNA sequence of the ITS amplicon demonstrated 100% homology
with B. quintana sequences deposited in GenBank (accession numbers
AF368395, AF368394, AF368393, AF368392, and AF368391). Amplicons of B. quintana intergenic spacers 336 and 894 were also
obtained from the 2 CSF samples. Sequences of 336 and 894 DNA
fragments shared 100% homology with B. quintana reference sequences (GenBank accession number AY660705 and AY660713,
respectively).
DISCUSSION
Encephalopathy caused by Bartonella spp. is usually by B.
henselae and rarely by B. quintana.9 The diagnosis is supported by
the presence of regional lymphadenopathy, previous exposure to
cats, positive serologies, and PCR identification of the responsible
species. DNA in the CSF. Despite its sudden onset with generalized
convulsions followed by coma, it typically has a self-limiting course
with rapid and full recovery in immunocompetent hosts. Neurologic
involvement in classic cat scratch disease (CSD) is rare, occurring
from a few days to many weeks after diagnosis in ⬍2% of the
cases.10 Accompanying seizures and status epilepticus are very
common.4,11 The mechanisms responsible for the encephalopathy
are unknown, although an abnormal host immune response is the
likely culprit, given the usually normal or minimally abnormal CSF,
and the uneventful, rapid recovery in most cases.
© 2007 Lippincott Williams & Wilkins
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The clinical, imaging, CSF, and nerve conduction findings in
our case were consistent with the diagnosis of GBS, since the patient
had autonomic dysfunction, motor weakness with hypotonia and
hyporreflexia, homogeneous gadolinium uptake throughout the
lower spinal roots on MRI scan, CSF with elevated protein in the
absence of pleocytosis, and finally reduced motor conduction velocity and amplitude suggestive of peripheral axonal damage.12 Moreover, the patient responded to gammaglobulin therapy, an established treatment approach for GBS. The EEG findings were
consistent with those of CSD encephalopathy demonstrating nonspecific slowing.10
Hydrocephalus as a complication of GBS is rare occurring in
about 4% of GBS cases.13,14 It is clinically manifested with headache and/or personality changes accompanied by papilledema, while
imaging studies show ventricular dilatation and interstitial cerebral
edema. Our patient demonstrated personality changes, but had no
papilledema since she had an open fontanel. GBS due to Bartonella
spp. has been described in association with B. henselae.15 Association with B. quintana has not been previously described.
B. quintana was detected in 2 CSF samples by PCR using
specific primers targeting the 16S-23S ribosomal DNA ITS region.
Molecular diagnostic detection of Bartonella spp. in clinical samples
by PCR targeting of the 16S-23S rRNA gene ITS region is a rapid,
practical, reliable, and highly sensitive method.16,17 Since variation
of the ITS sequences occurs among Bartonella spp., a single PCR
amplification can be used to detect different spp. within this genus
avoiding additional sample-processing steps. However, amplification specificity depends on primer design, as shown by Maggi
and Breitschwerdt18,19 who proved that less species-specific
primers can lead to false positive results in Bartonella diagnostics due to DNA amplification of bacterial contaminants. For that
reason, it has been suggested that a confirmatory target should be
chosen, validated within a standardized typing schema, such as
multilocus sequence typing.18
Serologic methods do not allow differentiation between B.
henselae and B. quintana, since the cross-reactivity between the 2
spp. is extremely high.20 The 4-fold decrease of the IgM titer for B.
quintana in our patient over time is suggestive of acute infection.
We were unable to determine the source of infection in our
patient. Having in mind that lice are host-specific while fleas are not,
there was no history or clinical findings of louse infestation or flea
bites in our patient. This information was sought, because Bartonella spp. are emerging zoonotic pathogens in humans with
common features transmission by an arthropod vector and persistence within mammalian reservoir hosts.21
Regarding therapy for B. quintana infections, although bacteremia can clear without therapy, patients with acute bacteremia
should be treated with intravenous gentamicin once daily for 2
weeks along with oral doxycycline administered as a single or
divided daily dose for 4 weeks. Treatment of asymptomatic or
paucisymptomatic, chronic, persistent bacteremia is important for
the prevention of endocarditis that requires lengthier treatment.
Finally, macrolides, such as clarithromycin that was used in our
patient have shown efficacy in cases of bacillary angiomatosis
caused by Bartonella spp.22
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