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ear, neck and throat areas, such as retropharyngeal abscess,9,10 
Lemierre’s syndrome11 or meningitis.12

Because of the nonspecific nature of clinical signs with SBO 
a high index of suspicion should be maintained for patients with 
a combination of fever, headache, neck pain or torticollis with or 
without cranial nerve palsy and in whom no obvious focus can be 
established. It is quite possible that due to the nonspecific signs and 
symptoms, highlighted by the 2 cases described in this report, nono-
togenic SBO may be more frequent than previously reported in the 
literature. Imaging modalities that have a role in the investigation 
of suspected SBO include MRI, CT and bone scan with or without 
SPECT/CT. MRI has the highest sensitivity and specificity for the 
diagnosis of osteomyelitis and it has better soft tissue discrimination 
than CT.13 MRI is safe as there is no radiation risk but the prolonged 
imaging time compared with CT means that some children require 
general anesthesia before it can be carried out. This was necessary 
for case 2, and led to a delay in image acquisition and establishing of 
the diagnosis. Changes seen on MRI and CT can be subtle as dem-
onstrated by our first case, where both MRI and CT were initially 
reported as normal. When this is the case but there is high clinical 
suspicion of SBO, a SPECT/CT could prove useful, which may also 
help to further improve exact anatomical localization.14,15

In some patients, management may involve surgery to drain 
collections if identified and to obtain a microbiological diagnosis 
although the need for surgical intervention needs to be discussed 
on a patient-by-patient basis. Five out of 6 of the cases previously 
described underwent surgery in the setting of progressive neurological 
signs. In our cases, there was no neurological involvement and marked 
improvement of symptoms occurred within a small number of days 
with conservative therapy only. A wide variety of Gram-positive and 
Gram-negative bacteria have been isolated previously for nonotogenic 
disease in adults and children with Pseudomonas sp. dominating pub-
lished adult cases2 whereas in children the microbiology seems to be 
more variable (Table 1). In cases in which SBO is suspected, it may 
therefore be prudent to use antibiotic agents with good bone penetra-
tion, which cover both Gram-negative and Gram-positive bacteria.

Classically, SBO has been described as a complication of 
otitis externa, which seems to be more common in older diabetic 
patients, usually caused by Pseudomonas aeruginosa.2 Less com-
monly, SBO can be nonotogenic, often affecting the sphenoid and 
occipital bones, especially the clivus2 and in some cases it may 
represent a complication of sinusitis.16 Some organisms associated 
with nonotogenic SBO form part of the normal oral flora and it 
seems therefore possible that nonotogenic SBO is the result of first 
sinus disease, which then spreads continuously to the base of the 
skull. However, only case 2 described in this report showed radio-
logical signs consistent with maxillary sinusitis and opacification 
of the ethmoid cells whereas paranasal sinuses were patent in case 1  
suggesting a different route of infection in this patient.

There are no definitive guidelines for the treatment of SBO 
in children, given its rarity and a consequent lack of clinical stud-
ies. Both of our cases were treated with intravenous antibiotics for 6 
weeks, followed by 6 weeks of oral antibiotics. Both cases responded 
well to medical management negating the need for surgical treatment. 
Previous cases reported in the literature vary so greatly in terms of 
presentation, severity and etiology that it is hard to draw any conclu-
sions from them regarding the best mode and duration of treatment 
other than that the clinician should be guided by the individual patient.
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FAILURE OF A SINGLE VARICELLA VACCINATION 
TO PROTECT CHILDREN WITH CANCER FROM 

LIFE-THREATENING BREAKTHROUGH VARICELLA
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Abstract: We report 2 children with life-threatening breakthrough varicella. 
Both had received 1 varicella vaccination before onset of cancer. Despite treat-
ment with intravenous acyclovir, 1 child died of disseminated varicella. Because 
similar fatal cases have been reported, high-risk immunocompromised children 
with 1 varicella vaccination may warrant the same varicella prophylaxis as 
immunocompromised children who have never been vaccinated.  
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Case 2
The second patient was a 3-year-old girl with hepatoblas-

toma. She also had a genetic condition, known as mosaic trisomy 
17. We defined the day when she developed fever and became criti-
cally ill as day 1. About 1 month before this febrile episode, she 
had been diagnosed with an undifferentiated hepatoblastoma. Dur-
ing her initial chemotherapy regimen, she developed acute kidney 
injury and a low white blood cell count. She was treated with gran-
ulocyte colony stimulation factor. Subsequently, the regimen was 
switched to vincristine, cisplatin and doxorubicin, leading to a per-
sistent lymphocytopenia (<1000 count/mm2). After she developed 
fever with neutropenia, she was admitted on day 1 for treatment with 
antibiotics as per protocol. On day 2, she developed a vesicular rash 
on the legs. When VZV antigen was identified by immunostain-
ing cells from a vesicle, she was started on intravenous acyclovir  
(50 mg/kg/day). Despite treatment, the rash worsened and spread 
over the next 5 days onto the lower abdomen. (The rash, even at 
onset, never had a zosteriform distribution.) Fevers continued for 5 
days. She finally defervesced with no new lesions on day 8. Over-
all, a prolonged course of intravenous acyclovir was continued 
until day 19, followed by oral acyclovir (70 mg/kg/day) as sup-
pression therapy for 3 months. Suppressive therapy was lengthy 
because of a previous case report of recurrence of breakthrough 
disease in a cancer patient when antiviral therapy was halted too 
quickly.6

As in case 1, the source of the VZV infection was never 
identified. Of note, she received varicella vaccine when she was 
13 months old; however, her screening VZV-specific IgG/IgM 
(enzyme-linked immunosorbent assay) titers were undetect-
able when she developed varicella at age 3 years. The diagno-
sis of VZV infection was confirmed by PCR analysis from DNA 
extracted from peripheral white blood cells collected on day 3. 
Testing was performed on blood cells to document a persistent 
viremia while on antiviral therapy. The strain was confirmed as 
wild-type VZV.

DISCUSSION
The Centers for Disease Control (CDC) recently reported a 

varicella-associated death of a child with cancer.7 This 4-year-old 
child had received 1 varicella vaccination before the cancer diag-
nosis and had a positive varicella antibody titer at onset of can-
cer chemotherapy. Of interest, she first presented with fever and 
abdominal pain before onset of rash. The CDC also recorded a 
cumulative total of 4 other varicella-associated deaths of children 
who had received 1 varicella vaccination. All but 1 were immuno-
suppressed. Recently, we published a related case that described 
severe breakthrough varicella in a child with cancer who had 
received 1 varicella vaccination. Similar to the recent CDC case 
that child also had detectable VZV antibody at onset of diagno-
sis, but she survived after prolonged antiviral therapy.6 Altogether, 
there are a total of 7 life-threatening breakthrough varicella infec-
tions in immunosuppressed children who have received only 1 vari-
cella vaccination, 5 of whom died. There may also be other cases 
that were never reported.

The published experience in the literature is that otherwise 
healthy children who contract breakthrough varicella after one 
varicella vaccination have only mildly symptomatic infection, 
rarely needing any treatment.5,8 The chapter on VZV infections 
in the 2012 Redbook contains a table, which list candidates for 
varicella-zoster immune globulin after significant exposure.1 The 
first bullet includes immunocompromised children without evi-
dence of immunity. But there is no further information whether to 
consider children with cancer with one vaccination as nonimmune 
or immune.

The live attenuated varicella vaccine was approved by the Food 
and Drug Administration in the US in March 1995. In July 

1996, the vaccine was recommended for all children in the US.1 
Based on the clinical trials, a single dose was recommended by sub-
cutaneous injection to children 12−18 months of age. By the year 
2000, investigators in several states had observed a new disease 
called “breakthrough varicella,” which was wild-type varicella-zos-
ter virus (VZV) infection that occurred in children who had already 
been given 1 dose of varicella vaccine.2 Generally, breakthrough 
varicella was much milder than wild-type varicella, consisting of 
a rash with <50 maculopapules. Often the papules do not vesicu-
late. When risk factors for breakthrough varicella were assessed, a 
common factor was a >5 year interval between vaccinations.3 This 
result pointed to waning immunity as a prime cause of breakthrough 
varicella.

Subsequently, the Advisory Committee on Immunization Prac-
tices reviewed the data and in 2007, recommended that all children 
receive a second dose of varicella vaccine between ages 4 and 6 years 
before entering primary school. The rate of breakthrough varicella has 
dropped dramatically in children who have received 2 varicella vac-
cinations.4 However, because the majority of states do not have the 
funds or the infrastructure by which to vaccinate all children currently 
in the school systems, there remains a large reservoir of older chil-
dren and young adults in the US who never received a second dose 
of varicella vaccine. A similar situation exists in Germany, which has 
a large cohort of children who only received a single varicella vac-
cination before vaccine policy was changed in 2009. Also, there are 
many children younger than 4 years who have not yet received their 
second varicella vaccination. These children remain highly suscepti-
ble to breakthrough varicella. Although the disease is mild in other-
wise healthy children, breakthrough varicella can be life-threatening 
in immunocompromised children. This report describes 2 such cases, 
one of which was fatal.

TWO CASE REPORTS

Case 1
The patient was a 15-year-old male with T-cell precursor 

acute lymphoblastic leukemia undergoing reinduction chemo-
therapy. We defined day 1 as the day when he presented to the 
emergency department for fever and a sharp stabbing back pain. 
He had blood cultures drawn and received levofloxacin. On day 2, 
he presented again with high fever and decreased peripheral perfu-
sion, with prolonged capillary refilling time. Thus, he was admit-
ted to the Pediatric Intensive Care Unit and received intravenous 
antibiotics. Laboratory data on admission showed lymphocytope-
nia (200 count/mm2). After his general condition was stabilized, 
the reinduction chemotherapy regimen with vincristine, doxoru-
bicin, asparaginase and dexamethasone was resumed. On day 3, he 
developed a nonvesiculated acne-like rash, believed to be related 
to the high dosage of dexamethasone, based on its appearance. On 
day 7, the rash started to vesiculate. Vesicular fluid was obtained, 
and VZV DNA was detected with polymerase chain reaction 
(PCR) analysis. Intravenous acyclovir was started. On day 9, he 
developed hepatitis, which subsequently progressed to multiorgan 
failure and death. His immunization records from school revealed 
that the boy had received 1 varicella vaccination when he was 5 
years old but none thereafter; he was up-to-date on other vaccines. 
DNA analysis of the PCR product from the vesicle indicated that 
the virus was wild-type VZV.5 VZV antibody titers were never 
obtained.
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SEVERE NEONATAL PERTUSSIS TREATED BY 
LEUKODEPLETION AND EARLY EXTRA CORPOREAL 

MEMBRANE OXYGENATION
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Abstract: We report the case of a 17-day-old infant with severe pertussis 
for whom the early initiation of veno-arterial extra corporeal membrane 
oxygenation and leukodepletion strategies (exchange transfusion and leu-
kofiltration) allowed to reduce leukocytosis and pulmonary hypertension, 
thus leading to survival. These invasive techniques can be considered when 
severe pulmonary hypertension complicates hyperleukocytosis in neonates. 
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Pertussis in the first 3 months of life is frequently severe and 
potentially fatal because of hyperleukocytosis, pulmonary 

hypertension and refractory hypoxemia,1 with an estimated 
195,000 deaths worldwide among children younger than 5 years 
in 2013.2 Aggressive management strategies that include exchange 
transfusion, leukofiltration and extracorporeal membrane oxygena-
tion (ECMO) could be useful in neonates with severe pertussis. 
However, there is a high risk of mortality in infants managed by 
ECMO. We report the successful outcome of a 17-day-old infant 
with severe pertussis managed with early initiation of ECMO and 
leukodepletion.

CASE REPORT
A 3200 g female baby born at 36 weeks of gestation was 

admitted to a local hospital at day 12 of life because of feeding 
difficulties. She started to cough 3 days before admission. She had 
been in close contact with her 3-year-old sister who had a cough 
illness that was not initially recognized as pertussis. Second, poly-
merase chain reaction in the nasopharyngeal aspirate was positive 
for Bordetella pertussis both for her mother and sister. Within 24 
hours, the infant developed respiratory failure and apnea requiring 
endotracheal intubation and mechanical ventilation. Despite anti-
biotic treatment, conventional ventilation and later high frequency 
oscillation ventilation, the respiratory status continued to deterio-
rate with extensive bilateral pulmonary infiltrates. At that time, the 
echocardiography did not show pulmonary hypertension and the 
hemodynamic status remained stable without inotropic support. 
Eight days after the onset of the disease, she was transferred to our 
institution. On admission, laboratory studies revealed the presence 
of extreme leukocytosis [120,000 white blood cells (WBCs)/μL], 
and echocardiography still excluded pulmonary hypertension. A 
chest radiograph showed right upper lobe consolidation, and the 
arterial blood gasses, under appropriate mechanical ventilation  
(AI 22, PEEP 5, rate 40, FiO

2
 0,80), showed respiratory acidosis 
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The patient data listed above imply that one varicella vac-
cination cannot be relied upon as an indicator of protection in an 
immunocompromised child. Furthermore, VZV antibody titers are 
of little use after only one immunization because these titers may 
decline during chemotherapy, a likely explanation for the failure 
to prevent breakthrough varicella.9 When all the above cases are 
considered together, we suggest that children with cancer with a 
history of only one varicella vaccination, following exposure to 
wild-type varicella, be considered as candidates for varicella-zos-
ter immune globulin (VariZIG: FFF Enterprises; ASD Specialty 
Healthcare) or alternatively prophylactic oral acyclovir.1 Prophy-
laxis with acyclovir is begun at seven days after exposure and con-
tinued for 7 days.

In both cases in this report, the source and date of the VZV 
exposure were unknown. Therefore, prophylaxis was not possible. 
Under that scenario, we suggest that children with cancer with only 
one varicella vaccination be considered in the same high-risk clas-
sification as a nonimmune immunosuppressed child with acute 
wild-type varicella. Having received corticosteroids while incu-
bating varicella may be a particularly high-risk factor.7 As soon as 
breakthrough varicella is diagnosed, admission for treatment with 
intravenous acyclovir is advised.

Finally, we note that presentations of breakthrough varicella 
may be especially unusual in the immunocompromised child, a fur-
ther reason for delayed diagnosis. For example, the exanthem may 
not be as vesicular as seen in primary VZV infection. With regard 
to our case 1 and the CDC case, severe abdominal and back pain 
may be an initial symptom of VZV infection before appearance of 
an exanthem, as has been reported previously.10
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