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Chapterr 7 

Abstrac t t 
Thee incidence of morbidity and mortality from primary varicella-zoster virus (VZV) infection is 

increasedd in immunocompromised children. Vaccination of VZV-sero negative cancer patients 

withh live attenuated varicella vaccine has proven to be safe and effective. However, all vaccination 

programss performed so far in this group of patients required the interruption of chemotherapy. 

Thiss is the first cohort of pediatric oncology patients who received the live attenuated varicella 

zosterr vaccine in an early phase of their treatment without interrupting chemotherapy. Eleven 

patientss with either a hematological malignancy (n=8) or a solid tumor (n=3) were vaccinated 

Withh VZV-vaecine during chemotherapy. Seroconversion occurred in 8 of the 11 patients (72.7%) 

afterr one vaccination. The only adverse effects consisted of a mild rash (10-50 lesions n=2), a 

moderatee vesico-papular rash (50-200 lesions n=1), .mild gastro-intestinal symptoms (n=l )f and 

mildd respiratory complaints {n=1). VZV-specific CD4+ T cells could not be detected by intracellular 

IFN-gg staining during follow-upT However, adaptive immunity was induced since seroconversion 

wass observed in 72.7% of the patients. This study demonstrates that it is feasible to administer 

VZV-vaccinee in an early stage of chemo-therapy without interruption of chemotherapy. 
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Introductio n n 
Varicellaa (ehiekenpox) is a highly infectious, usually self-limiting disease caused by the a-herpesvirus 

familyy member varicella-zoster virus (VZV). Children generally develop mild disease, manifested 

byy fever, a vesicular rash and mild constitutional symptoms. However, in immunocompromised 

childrenn such as children with a malignancy, the incidence of complications and mortality due 

too VZV infection is highly increased. The complication-rate in these children is approximately 

30%% and the mortality-rate approaches 20% in untreated cases [10]. Antiviral therapy has 

improvedd the outcome considerably but the overall mortality rate in the immunocompromised 

patientt remains 7% [10,15]. The most common complication is acute bacterial skir>infection, 

causedd by Staphylococcus aureus and Streptococcus pyogenes. The incidence of bacterial 

superinfectionss is increased in children under 5 years öf age, and this complication may lead to 

aa streptococcal toxic shock syndrome [23]. Furthermore, neurologic complications are more 

oftenn observed in the immunocompromised. Postinfectious cerebellar ataxia usually resolves 

withoutt further complications, whereas meningoencephalitis has a much less favorable outcome. 

Thee mortality rate from this latter complication ranges from 5-25% and neurologic sequelae are 

seenn in 20% of patients [4]. Less frequent complications include pneumonia, visceral complications 

(includingg hepatitis and severe gastro-intestinal symptoms) and hematological complications 

(e.g.. thrombocytopenia, pancytopenia) and the development of hemorrhagic varicella. 

Ass awareness of the morbidity and mortality due to VZV infection became established, the 

interestt in the live attenuated vaccine was increased. The vaccine was developed in Japan in the 

earlyy 197G's from a viral strain (Oka-strain) isolated from an infected patient and attenuated by 

passagee through cell cultures [19]. The vaccine was approved by the Food and Drug Administration 

inn 1995 for routine use in healthy persons older than one year of age who are susceptible to 

varicella.. Japan, Korea and the US are including varicella vaccination in their routine schedule. The 

vaccinee induces long-term humoral and cellular immunity in children and adults [5,24]. Since the 

implementationn of VZV vaccination, the US has seen a marked decline in the number of cases of 

varicellaa and a trend towards less hospitalizations due to ehiekenpox [18]. 

Sincee the incidence of complications of VZV infection is increased in immunocompromised 

patientss as compared to otherwise healthy individuals, it would be of great benefit to vaccinate 

VZV-seronegativee oncology patients. In the past, 575 children with leukemia in remission were 

immunizedd in the Varicella Vaccine Collaborative Study [14], All children were in continuous 

remissionn for more than one year, and had more than 700/mm3 circulating lymphocytes. 

Chemotherapyy was stopped 1 week before and 1 week after immunization in the majority of 

thesee children. Recommendations included withdrawal of steroids for 2 weeks after 

immunization.. The varicella vaccine proved to be safe immunogenic and effective. The major 

adversee reaction was a varicelliform rash, which could be treated in most cases with oral aciclovir. 

Seroconversionn to VZV occurred in 82% of vaccinees after 1 dose and in 95% after 2 doses. In 
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addition,, the incidence of clinical reactivation (herpes zoster) in vaccinated children is lower 

thann in unvacdnated leukemic children. Although it is believed that cell-mediated immunity is 

elicitedd less reliably in leukemic children after varicella vaccination than in their healthy 

counterpartss [11,14]. The study indicated that administration of VZV vaccine under these 

conditionss is extremely beneficial to leukemic patients . 

Becausee Of the great benefits for the patients, VZV vaccination should be extended to other 

oncologyy patients and preferably in an earlier phase of treatment. One study on vaccination of 

patientss before the start of chemotherapy resulted in seroconversion in 10 out of 13 vaccinated 

childrenn (77%) [8]. Mild side-effects were observed in 12.5% of thé patients consisting of a 

varicelliformm rash and fever. Since only mitd side-effects were observed in the patient group, it 

seemedd safe to administer the vaccine. 

Inn both of these studies, chemotherapeutic treatment was delayed in order to safely vaccinate 

thesee children. Although it is clear that the risk of developing complicated varicella upon VZV 

infectionn is decreased, the required delay of chemotherapeutic treatment of the malignancy in 

thesee children could have a negative effect on the clinical outcome. In Japan in the 80's, the 

vaccinee was administered without stopping chemotherapy but not respecting the criteria of 

stoppingg steroids 14 days before vaccination and one week after vaccination, having an adequate 

numberr of lymphocytes (>700/mm3), and not having bulky disease at the time of vaccination. 

Thiss led to an unacceptably high incidence of complications and severity of rashes [1,12,17]. 

Thee aim of our study was to investigate the efficacy of VZV vaccination of seronegative pediatric 

oncologyy patients without interrupting chemotherapy and introducing the vaccine in an early 

phasee of treatment, respecting the rule not to vaccinate during the phase in which steroids are 

given,, or when there is a low number of circulating lymphocytes, or when active hematologic 

malignancyy is present. 

Material ss  & Method s 
Patien tt  selectio n 

Newlyy diagnosed pediatric oncology patients who were seronegative for VZV were included in 

thiss study. Eligibility criteria included patients on chemotherapy, who had circulating lymphocyte 

countss of >700/mm3, had no bulky disease and were not septic at the time of vaccination. 

Beforee and after vaccination no steroids were given in the regimen for at least one week, the 

vaccinationn did not lead to interruption of chemotherapy but was given in a phase when no 

steroidss were needed. The study was performed in a single pediatric oncology unit and approved 

byy the local medical ethical committee. Written informed consents were obtained from the 

parentss of the patients and from the patient if >12 years of age. 
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Vaccinatio nn protoco l 
Varicellaa vaccine (Varitrix, GlaxoSmithKline UK, Uxbridge, UK) containing the live- attenuated 

VZVV Oka-strain was administered subcutanequsly to the eligible patients (dayO). The time point 

off vaccination varied among the different protocols and clinical situations. Clinical scores were 

registeredd both on basis of questionnaires, and physical examination on day 0, 7, 14, 21, 28 

andd 3 months after vaccination. Parameters recorded by the questionnaires included: fever 

,, headache, vomiting, diarrhea (defined as >6 loose stools a day), coughing, and pain, 

rashh or induration at the injection-site. Parameters recorded on physical examination included: 

temperature,, organomegaly (upon vaccination), skin lesions, and signs of infection. Standard 

laboratoryy tests were concomitantly performed, consisting of a full blood count, determination 

off levels of creatinin, LDH and liver enzymes (ASAT, ALAT). Furthermore, peripheral blood 

sampless were drawn from the patients at each visit, and throat-swabs were taken (twice a 

week)) to determine the development of an immunological response to the virus, as well as 

contagiousnesss of the vaccinated patients. Peripheral blood mononuclear cells (PBMCs) were 

isolatedd from blood samples using standard density gradient centrifugation techniques by use 

off Lymphoprep (Nycomed, Pharma, Oslo, Norway). PBMCs were cryopreserved until use and 

thawedd according too standard procedures. 

Laborator yy parameter s for VZV infectio n 
Virall culture of vesicle fluids or scrapings was done by cocultivation with human embryo lung 

fibroblastt cells and microscopic examination of VZV-specificcytopathölogieal effects Confirmation 

wass done by immunofluorescent staining of cells with murine monodonal anti-VZV 

immunoglobulinn M (IgM) (BioWhittaker Inc., Walkersville, Md.). VZV IgM and IgG titers were 

determinedd in plasma as described before by use of the miniVidas (Biomerieux, Marcy I'Etoile, 

France)) [9]. Results are expressed as arbitrary units/ml serum. 

Quantitativee PCR to determine VZV viral load was performed in plasma samples as well as in 

throatt swabs described before [9]. The electrochemiluminescence (ECL) signal was measured 

byy an M.8 analyzer (IGEN, Oxford, UK). 

Determinatio nn of VZV-specif k CD4+ T cell s by intracellula r cytokin e stainin g 
VZV-spedficc CD4* T-cell frequencies were determined as described previously for cytomegalovirus 

(CMV)-specificc cells [21 ].In short, PBMCs were resuspended in RPMI, containing 10% fetal calf 

serumm (FCS) and antibiotics, and stimulated for 6 hours with VZV-antigen (20 ml/ml; Microbix 

Biosystems,, Toronto, Canada), the final 5 hours in presence of brefeldin-A (10 mg/ml). VZV 

antigenn is a iysate of VZV-infected cells, containing a broad range of virus-derived peptides. 

PBMCss were costimulated by CD28 (2 ug/ml; CLB 15E8) and CD49d (1 ug/ml; BD Biosciences 

(BD),, San Jose, CA). Cells were permeabilised using the BI>FACS intracellular cytokine staining 

kitt (according to the manufacturer's instructions) and stained for IFN-y-FITC, CD4-PerCPCy5.5 
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(alll BD) and CD69-APC (Caltag Laboratories, Burlingame, CA). The CD4+CD69+IFN-y+ T cells 

weree designated antigen-specific CD4+ T cells. Negative controls consisted of stimulation with 

mediumm and positive controls of stimulation with Staphylococcus Aureus enterotoxin B (SEB; 

Sigma,, St Louis, MO). 

Immunofluorescen tt  stainin g and flowcytometr y 
Wholee blood samples were used to determine the absolute numbers and percentages of CD4+ 

andd CD8+ T cells, B cells and NK cells by use of the Multi Test IMK kit (BD). 20 ml of multiset 

antibodyy mix, either CD3/CD8/CD45/CD4 or CD3/CD16CD56/CD45/CD19 were added to 50 

mll blood in two different TruCount tubes (BD). Samples were vortexed thoroughly and incubated 

forr 30 min. at room temperature (RT), protected from light. Next, 10x diluted lysis buffer was 

addedd to the samples. After vortexing, samples were incubated for 15 min at RT, protected 

fromm light. Absolute numbers and percentages of lymphocyte cell populations were determined 

byy the Multiset program (BD) on a FACSCalibur (BD). Controls were included in each experiment. 

Statistic s s 
Thee main findings of the study are described descriptively. Where applicable, differences between 

meanss were tested by Student t test. 

Result s s 
Patien tt  characteristic s 

Elevenn VZV seronegative pediatric oncology patients were included in this study from February 

20022 until November 2003. The time between start of chemotherapy and vaccination was 9.6 

weekss  2.1 weeks. Eight of these patients had a hematological malignancy (NHR-ALL; n=4, HR-

ALL;; n=4), whereas the other three had a solid tumor (Table 1). The age at vaccination (5.5

Tablee 1. Patient characteristics 

Patient t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 

Sex x 

F F 
M M 
F F 
M M 
M M 
M M 
M M 
F F 
F F 
M M 
M M 

Agee at vaccination 
(years) ) 

4 4 
16 6 
3 3 
3 3 
2 2 
3 3 
4 4 
5 5 
5 5 
5 5 
2 2 

Diagnosis s 

NHR-ALL L 
NHR-ALL L 
NHR-ALL L 
NHR-ALL L 
HR-ALL L 
HR-ALL L 
HR-ALL L 
HR-ALL L 
Medulloblastoma a 
Nephroblastoma a 
Nephroblastoma a 

Att start chemotherapy--
vaccinationn (weeks) 

9 9 
7 7 
6 6 
7 7 
7 7 
8 8 
6 6 

11 1 
13 3 
11 1 
8 8 

## lymphocytes/jiL 
(t=QV V 

4700 0 
2580 0 
6830 0 
5600 0 
2200 0 
1280 0 
1180 0 
774 774 
798 8 
780 780 

2700 0 
11=0:: time point of varicella vaccination, NHR-ALL: non-high-risk acute lymphoblastic leukemia, HR-ALL: high-
riskk acute lymphoblastic leukemia 
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4.66 vs. 4.2  1.9 years, resp.) did not differ significantly between the two groups of malignancies 

att the time of varicella vaccination (Table 1). Of note, chemotherapy was not stopped or delayed 

becausee of the varicella vaccination in any of these patients. 

Laborator yy result s (Tabl e 2 ) 

Onn the day of vaccination, the mean Hb was 6.8 mmol/L (range 5.5-7.6 mmol/L), which remained 

stablee during follow-up. The mean white blood cell count (wcc) was 5.8 x109/l_ (range 2.2-

10.2x109/L)) at day 0. The mean neutrophil count was 2422 cells/iL(range 770-4650 cells/iL). The 

meann lymphocyte-count was 2674 cells/iL (range 774-6830 cells/iL). Raised liver enzymes were 

observedd in 4 patients, which increased further in the next two weeks after vaccination (data not 

shown).. These patients however were patients with leukemia receiving high dose intravenous 

methotrexate,, which could well explain the disturbance in liver enzymes. Liver enzymes normalized 

inn all patients within three months after vaccination. 

Noo significant differences in the numbers of circulating white blood cells, lymphocytes or neutrophils 

weree detected between the patients with a hematological malignancy and those with a solid 

tumorr (Fig. 1). 
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Figur ee 1 Absolute numbers of white blood cells, 
lymphocytess and neutrophils on day of vaccination 
Noo statistical significant differences in the absolute 
numberss of white blood cells, neutrophils and 
lymphocytess could be detected on day 0 between the 
patientss with a hematological malignancy and those 
withh a solid tumor. 

129 9 



Chapterr 7 

Tablee 2 Laboratory test results on day 0 of vaccination 

Patient t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 

Hbb (mmol/L) 

6 7 7 
7.6 6 
6.8 8 
6.6 6 
6.2 2 
6.5 5 
6.9 9 
7.1 1 
7.3 3 
5.5 5 
7.1 1 

Neutrophils s 
(cells/ML) ) 

3500 0 
2500 0 
3000 0 
858 8 
1800 0 
4650 0 
770 0 
3354 4 
2180 0 
3082 2 
1450 0 

Lymphocytes s 
(cells/nL) ) 

1500 0 
6830 0 
25SO O 
5600 0 
2200 0 
1280 0 
1180 0 
774 774 
798 8 
780 0 
27Q0 0 

Thrombocytes s 
(cells/nL) ) 

290 290 
243 3 
350 350 
360 0 
326 6 
440 440 
492 2 
335 5 
235 5 
286 6 
222 2 

Liverr enzymes 

4xx normal* 
normal l 

5xx normal* 
normal l 
normal l 

2xx normal* 
2xx normal* 

normal l 
normal l 
normal l 
normal l 

** patients with leukemia received high-dose Methotrexate i.v. 

Loww incidenc e of advers e effect s 
Inn five of the patients {45.4%), mild adverse effects were observed (Table 3). In the first week 

afterr vaccination, patient 1 had a painful injection site and developed a rash. Vesicles were observed 

onn the skin starting from the first week (10-50), which increased in the second week (50-200). 

Treatmentt consisted of intravenous aciclovir* later followed by oral famciclovir. Pt. 3 developed 

10-500 lesions on her skin during the second week after vaccination, which was treated by oral 

famciclovir.. Pt. 5 developed a rash at the injection site in the second week after vaccination. An 

exanthemm was observed on his skin starting from the first week after vaccination, which reduced 

too 10-50 lesions within the second week. Treatment consisted of oral famciclovir. Two of these 

patientss (pt. 1 and 5) developed a fever within the first week after vaccination, which continued 

forr 2 weeks. Mild gastro-intestinal symptoms were observed in pt. 11 between the first and the 

secondd week after vaccination. Pt. 9 developed mild respiratory complaints, between the second 

andd fourth week after vaccination. Other adverse effects were not observed in our cohort. According 

Tabl ee 3 Adverse effects 

Patientt injection site rash(# lesions) treatment t Fever r Vazquezz score 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 

painn day 7 
--

painn day 7 
--

painn day 7 
--
--
--
--
--
--

50-200 0 
0 0 

10-50 0 
0 0 

10-50 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

famciclovirr and iv acidovir 
--

famciclovir r 
--

famciclovir r 
--
--
--
--
--
--

dayy 7-10 
--
--
--

dayy 7-14 

--
--
--
--
--
--

2 2 
0 0 
1 1 
0 0 
2 2 
0 0 
0 0 
0 0 
1* * 
0 0 
1* * 

** pt. 9 had mild respiratory complaints, and pt. 11 had mild gastro-intestinal complaints, scored as 1 according 
too the Vazquez score [20] 
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Figur ee 2 Correlation of seroconversion to possible 
riskk factors. Seroconversion did not correlate to the 
agee at vaccination, the time between start of 
chemotherapy,, nor to the number of circulating 
lymphocytess at the time of varicella vaccination. 

too the clinical score of Vazquez et al [20, 

appendixx 1 ], all patients scored <7 points (max 

22 points) and were considered to have mild 

diseasee (Table 3). 

Efficac yy o f vaccinatio n 

VZV-specificc IgG could be detected upon 

vaccinationn in 8 of the 11 patients (72.7%) after 

thee first vaccination (Table 4). Seroconversion 

occurredd within 6 weeks after varicella 

vaccinationn in 6 of the seroconverting patients 

(75%).. In the other 2 patients, seroconversion 

occurredd within 3 months after vaccination 

(25%).. Three of the patients did not 

seroconvertt upon varicella vaccination. One of 

thesee patients was diagnosed as NHR-ALL, one 

ass HR-ALL, and one had a nephroblastoma. 

Seroconversionn did not correlate with the age 

att vaccination, the time between start of 

chemotherapyy and vaccination, or with the 

numberr of circulating lymphocytes at the time 

off vaccination (Figure 2). The patients that did 

nott seroconvert upon varicella vaccination are 

scheduledd for booster vaccination. 

Householdd contacts to wild-type VZV were 

documentedd in two of the patients. The first 

patientt (pt. 10) showed no clinical signs of 

varicellaa upon contact and was therefore not 

treated.. Seroconversion could not be observed 

inn this patient after vaccination, neither after 

exposuree to the wild-type virus. The second 

patientt (pt. 3), who seroconverted within 6 

weekss after varicella vaccination, developed a 

varicellaformm rash (50-200 lesions) and high 

feverr within 3 days after contact (6 months 

afterr vaccination). She had a Vazquez-score of 

133 and appeared moderately ill. She recovered 

rapidlyy after start of iv aciclovir. She had a 
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relativee low viral load (max. V2V DNA load in whole blood of 12000 copies/ml at day 5 after 

contact).. She did not develop secondary complications of varicella and fully recovered. This 

patientt showed a mitigated clinical course as compared to the IgG-negative immuno-compromised 

patientt with a varicella infection who has not received varicella vaccination (viral loads up to 

1000.0000 c/mL can be seen). This mitigated course of the varicella is reflected by the relative 

loww viral load and the lack of secondary complications. 

Determinatio nn of VZV-specifi c CD4+ T cell s 
VZV-specificc CD4* T cells can be detected by intracellular cytokine staining, as we showed 

duringg memory responses of parents of children who experienced chickenpox as well as in 

sortiee patients experiencing primary VZV infection {M.T.M. Vossen, The Journal of Infectious 

diseases,, in press). Using this technique, we determined frequencies of VZV-specific CD4+T cells 

inn peripheral blood of the patients after varicella vaccination, by upregulation of CD69 and 

productionn of IFN-g upon stimulation with VZV lysate (VZV ag). Virus-specific CD4+ T cells could 

nott be detected in these children upon varicella vaccination, irrespective of seroconversion (Fig. 

3A,, n=8). Remarkably, these cells could not be detected upon vaccination-associated rash (Fig.3B; 

n=3),, whereas they were clearly detectable upon development of varicella after encounter of 

subsequentt wild-type VZV (Fig. 3C; n=1, VZV-specific CD4+T ceils 23 %). 

Virology y 
Inn three of the eleven patients (pt. 1,2, 11), VZV DNA loads were detectable upon vaccination 

inn peripheral blood (n=3) {median of peak values 7500 copies/ml, range 40-10.000 copies/ml), 

withinn 6 weeks after vaccination (Table 4). No household exposures to the wild-type virus were 

documentedd during this period. These three patients all seroconverted in response to the vaccine. 

Too determine whether the patients were contagious after varicella vaccination, a quantitative 

PCRR was performed on throat swabs. Two patients had positive throat swabs (n=2) (Table 4). 

Thee nasopharyngeal cultures remained negative, indicating that the VZV DNA as detected in 

Tabicc 4 Virology 
Patientt VZV DNA Nasopharyngeal VZV DNA Seroconversion 

(throatt swabs) VZV culture (peak copies / ml blood) 

11 - _ 7500 (week 4) + 
22 + _ 10.000 (week 3) + 
33 - _ - + 
4 4 
55 + _ - + 
6 6 
77 - _ - + 
88 - _ - + 
99 - _ - + 
10 0 
111 - _ 40 (week 1) + 
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Figur ee 3 VZV-specific CD4' T cell responses in relation to seroconversion. 
VZV-specificc CD4* T cells (CD69*IFN-g') could not be detected in the follow-up of vaccinated patients who did 
generatee VZV-specific IgG antibodies (n=8) (A). These cells could also not be detected in the follow-up of a 
vaccinatedd patient who developed a vaccine-related rash (n=3) (B), whereas they were clearly detectable 
withinn 14 days ("d.228") after appearance of the exanthem in a breakthrough case of natural chickenpox 
afterr exposure to wild-type VZV (n=1) (C). Where applicable, data shown are from one representative donor. 
Dot-plotss are gated on CD4* T cells. Numbers indicate percentages of CD691FN-g* cells (i.e. VZV-specific 
CD4** T cells) within the CD4* T cell gate. Control: in vitro stimulation with medium. VZV ag: in vitro stimulation 
withh VZV lysate. d= days post varicella vaccination 
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throatt swabs of two of the patients did not result from infectious virus, but rather from VZV-

infectedd lymphocytes residing in the throat. Most importantly, this demonstrated that the 

vaccinatedd patients did not shed any infectious virus and were therefore not contagious. 

Discussio n n 
Thiss is the first cohort of pediatric oncology patients who receive the live attenuated varicella 

zosterr vaccine in a relative early phase of the chemotherapy, without interrupting chemotherapy. 

Thee criteria that no steroids are given one week before and one week after vaccination, 

lymphocytee counts should be >700 /mm3, and that the child has no bulky disease, were all met. 

Previouss studies described the safety, immunogenicity and efficiency of the varicella vaccine in 

aa large cohort of patients with leukemia in remission [14], 

Remarkably,, adverse effects of vaccination were limited in our cohort to a mild rash observed in 

threee patients, accompanied by fever in two patients, mild gastrointestinal problems in one 

patient,, and mild respiratory complaints in one patient. Thé patients with prolonged rash were 

treatedd with aciclovir or famciclovir resulting in resolution of the rash. The occurrence of adverse 

effectss in these patients did not correlate with the number of circulating lymphocytes at day 0 

(dataa not shown). Seroconversion rates after one dose of vaccine was slightly lower in our 

cohortt compared to the LaRussa cohort (73% vs, 82%). The induction of adaptive immunity 

mayy be hindered by chemotherapy. However, withdrawal of steroids during the period of 

vaccinationn most likely reduces this hindrance. More importantly, vaccination in such an early 

phasee of treatment significantly increases protection from severe disease in this susceptible 

population.. Seroconversion did not correlate with the age of the patients, the time between 

startt of chemotherapy and vaccination, nor with the number of circulating lymphocytes. 

Uponn infection, varicella-zoster virus is believed to be contained by the concerted action of 

antibodies,, CD4* and CD8+ T cells and NK cells [3,7,16]. Although VZV-specific CD4* T cells 

weree undetectable by our assay upon vaccination, we believe that these cells were induced by 

vaccinationn since VZV-specific antibodies could be detected in the majority of these patients. 

VZVV antigen is a lysate of VZV infected cells and contains a broad range of VZV-specific peptides. 

Itt is therefore unlikely that VZV-spécific CD44" T cells could not be detected in our assay due to 

absencee of the immunodominant peptides. 

Varicellaa vaccination protected one of the two patients with documented household exposure 

too wild-type VZV completely from development of varicella, and the other one from severe 

disease.. Interestingly, the completely protected patient did not respond to varicella vaccination 

orr to natural VZV infection, as classically defined by seroconversion. In our experience, as well 

ass has been previously described in literature [6,22], unvaccinated cancer patients will develop 

severee courses of varicella upon household exposure. In the patient with household exposure 

whoo developed a mitigated course of varicella, virus-specific cells were clearly inducible within 
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144 days after appearance of the exanthem. These data suggest a suboptimal induction of 

adaptivee immunity upon immunization, rather than primary vaccine failure. VZV-specific CD4+ T 

cellss are probably induced upon vaccination, but their frequencies are too low to be detected in 

ourr assay. In this respect, it would be interesting to determine whether VZV-specific CD4+ T celts s 

cann be detected in healthy children upon vaccination, since it has been known that leukemic 

patientss develop less pronounced VZV-specific T-cell responses upon VZV infection [16] and 

therefore,, the expected frequencies of these cells would be higher in the healthy children than 

inn our patients. VZV vaccination is not implemented in the Dutch vaccination program and it is 

thereforee not possible for medical ethical reasons to perform these control experiments. 

Thee incidence of herpes zoster still has to be determined in our cohort during follow-up. in 

immunizedd children with leukemia, a previous rash correlates with eventual development of 

zosterr [13]. 

Speciall precautions were taken upon vaccination of these immunocompromised children to prevent 

infectionn of other children at risk. Although VZV DNA could be detected at borderline levels in 

onlyy two sequential throat swabs of two patients in our total cohort, the cultures were negative. 

Thiss indicates that these patients are not contagious upon vaccination, which is in accordance 

withh the finding that v-Oka cannot be cultured from respiratory secretions [2]. However, the 

vaccinatedd patients that develop cutaneous lesions are infectious as proven by viral culture of 

vesiclee fluids or scrapings. In this group of patients precautions for isolation need to be taken [2]. 

Thiss study is promising in administering the varicella zoster vaccine during treatment without 

stoppingg chemotherapy. Administering the vaccine in an early phase of treatment will largely 

reducee the incidence of severe varicella during the complete course of chemotherapy. Larger 

cohortss of pediatric oncology patients will be required to determine the benefit of this strategy 

comparedd to the strategies studied so far. 
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Appendix ::  Vasquez-scor e 

Scalee to Asses s Severit y of Illnes s 

Variabl ee Number of Points 

Rashh / Number of lesions 

1-500 1 

51-1000 2 

101-5000 4 

>5000 6 

Characterr of lesions 

Macularr or papular 2 

Mostlyy vesicular 4 

Hemorrhagicc 4 

Fever r 

Tempp 38.8-39.9fiC 1 

Tempp >40SC 3 

Systemicc signs 

Painn in the back or abdomen 4 

Interstitiall pneumonia 5 

Encephalitiss 5 

Subjectivee assessment (by nurse or physician) 

Doess not appear ill 0. 

Appearss moderately ill 2 

Appearss severely ill * 5 

Scalee to Asses s Severit y of Illnes s 
Variabl ee Number of Points 

Severityy {total score in points) 

Mildd disease < 7 

Moderatelyy severe disease 8-15 

Severee disease > 16 

accordingg to Marietta Vazquez et al, NEJM, 2001: 344: 956 
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