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Prologue ;;  the cover of the thesi s 

Ndbelee people are offshoot of Nguni people of Kwazulu Natal, SOUTH AFRICA. 

Theyy are well known for their artistic talent with regard to painted houses, colourful beadwork 

andd the rings around their neck. 

Inn early days they went through rough times but they survived and they show the world their 

brightt future with their beads and colourful painted houses. 

Ass a child living in South Africa I was fascinated by these people and the colours of their houses 

madee the sun shine even brighter. 

Noww working as a pediatric oncologist in the Netherlands, I often think of these people, because 

aa sunny bright view of life is often needed in the difficult field of pediatric oncology. 

Thatt is the reason why I chose this cover for this thesis to present the research leading to better 

controll of infectious complications in the child with cancer just like the sun shining on the 

colourss of the Ndbele people. 

NKOSII SIKELEL' l-AFRIKA 

Marianne e 
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Scopee of the thesis : 

Improvementt has been made over the past 30 years achieving better survival in pediatric oncology 

patients.. This is now estimated around 70 %. 

Withh the intensification of chemotherapy, the need for adequate supportive care is of utmost 

importancee to maintain this high percentage of survival. As therapy becomes more intense 

infectiouss complications still play a major role. 

Predictionn and prevention of infectious complications in children with cancer are the scope of 

thiss thesis. After a general introduction in chapte r 1, chapte r 2 will describe a retrospective 

cohortt study in a pediatric oncology unit in South Africa focussing on causes of bacteremia and 

risk-factorss for infection. Within the group of oncology patients it has become dear that some 

patientss are more susceptible to infections than others, therefore chapte r 3 presents a prospective 

cohortt study on the role of mannan-binding lectin (MBL) answering the question if MBL deficiency 

inn immunocompromised children leads to a prolonged duration of neutropenia and to more 

severee infections. One of the most severe infectious complications in oncology patients is 

neutropenicc enterocolitis. In Chapte r 4a a case of neutropenic enterocolitis and typhlitis will be 

presentedd and in chapte r 4b a prospective study will be presented including pediatric oncology 

patientss with a clinical suspicion of neutropenic enterocolitis. The aim of the study is to gain 

insightt into the pathogenetic mechanisms, and to identify clinical and inflammatory prognostic 

markers.. It is known that this group of children is susceptible to infections therefore prevention 

off infections is even more important. One of the risk-factors for infection is the presence of a 

centrall venous catheter. Therefore in chapte r 5 a Cochrane systematic review is presented on 

thee use of prophylactic antibiotics to prevent Gram-positive bacteremia in tunnelled central 

venouss catheters. On base of the available evidence a meta-analysis is done and a number 

neededd to treat calculated to prevent these bacteremia's. In oncology patients the use of 

selectivee decontamination of the digestive tract (SDD) is still a matter of debate. Therefore in 

Chapte rr  6 a systematic review was performed to assess the evidence for the effectiveness of 

SDDD to decrease bacteremia and infection-related mortality during neutropenic episodes in 

Oncologyy patients. 

Wheree chapter 5 and 6 focus on prevention of bacterial infections, chapte r 7 concentrates on 

preventionn of varicella by immunizing IgG negative children with the live-attenuated variceJla 

vaccinee in an early stage of their disease. If protection can be achieved then fear for varicella 

infectionn and the possible complications will be dearly reduced. Insight in the different aspects 

off infectious complications in children with cancer will improve management and open directions 

forr future trials, mentioned in Chapte r 8. 
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Chapterr 1 

11 General introductio n 

1.11 Epidemiolog y of infection s in oncolog y patients : 
Improvementt has been made over the past 30 years in cure rates for pediatric oncology patients. 

Thiss is now estimated around 70%. 

Withh the intensification of chemotherapy, the need for adequate supportive care is of utmost 

importancee to maintain this high percentage of survival. As therapy becomes more intense 

infectiouss complications play a major role 75. In the 60's Bodey et a l d showed that the risk for 

infectionss increased rapidly if the granulocyte-couht dropped below 500 cells/mm3. This study 

showedd an incidence of severe infections of 43 épisodes per 100 admitted patients if the 

granulocytee count was below 500 cells/mm3, compared to <5 infectious episodes if the neutrophil 

countt was >1500 cells/mm3. The fatality-rate of bacterial infections in those early years was 

extremelyy high, but with the introduction of empiric antibiotics the infection mortality rate has 

droppedd to 4-6% of all new adult oncology patients, and 0.6-1% of all new pediatric oncology 

patients5.. The neutropenic patient with fever forms a heterogenous group regarding infection 

andd risk of complications, depending on the chemotherapy given and the underlying malignancy. 

Off these patients 12-17% will develop a definite proven bacteremia ór f ungemia 6. 

Thee pattern of infectious micro-organisms has changed significantly oyer time. Gram-positive 

organismss prevalent in the 1950's and the 1960's, showed a drop in incidence 10 years ago 

withh Gram-negative organisms increasing. Towards the end of the 90's the Gram-positive 

organismss are most prevalent again 79. Gram-positive organisms are isolated in 15% of febrile 

episodess and cause 60-70% of proven bacteremia's, while fungal infections are documented in 

2-8%% of all bloodstream infections f the Gram-positive organisms the coagulase-negative 

staphylococcistaphylococci (CNS) are the most common (30%), i.e half of the proven bacteremia's. 

EnterococcalEnterococcal (7%) and viridans-group streptococcal species (10%) are becoming problematic, 

becausee of the increasing antibiotic resistance " . Of the Gram-negative organisms the most 

frequentt are Escherichia coli (8%), Klebsiella spp (6%), Serratia spp (3%), Proteus spp (3%). 

andd Pseudomonas aeruginosa (5%). 

Inn the 1990's, patients receiving chemotherapy showed an increased risk of opportunistic 

infections,, probably secondary to the use of dose-intensified chemotherapy '2;,i
T In thé past, the 

greatestt toxic risks were related to neutropenia and hemorrhage. The intervals between 

chemotherapyy courses were determined by the time necessary to achieve safe recovery of 

neutrophilss and platelets. With the use of hematopoietic cytokines, chemotherapy is no longer 

limitedd by neutropenia or thrombocytopenia and many patients are receiving significantly higher 

dosagess of chemotherapy more frequently as compared to historical controls. This decreased 

intervall between chemotherapy courses may provide inadequate time for lymphocyte recovery 

andd could contribute to an increased risk of prolonged immunodeficiency. With the more 

intensivee chemotherapeutic protocols and bone-marrow transplantation other serious infections 
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Introduction n 

emergee because of the prolonged severe neutropenia. In these patients fungai organisms occur 

suchh as Candida spp, Aspergillus spp or other opportunistic fungi. They also have a poor cellular 

immunee function and are susceptible to infections caused by intracellular pathogens, 

mycobacteriaa and Listeria monocytogenes, Cryptococcus neoformans, viruses such as 

cytomegalovirus,, adenovirus, herpesvirus and varicella-zoster virus, and protozoa among which 

PneumocystisPneumocystis carinii is the most common M. 

1.22 Managemen t of infection s in neutropeni c patient s 
inn the management of all febrile neutropenic patients the clinician is dedicated to careful and 

repeatedd evaluation for specific signs and symptoms of a focus or type of infection. This is of 

primee importance in caring for the febrile neutropenic patient. Many guidelines have been 

developedd to offer these patients maximal care 75_'?. Because the progression of infection in 

neutropenicc patients can be rapid, empirical therapy should be administered promptly to all 

neutropenicc patients at the onset of fever, where fever is defined as a single oral temperature 

off > , and neutropenia is defined as < 500 cells/ mm3, The latest update of these guidelines 

hass been in 2002 by Hughes et alT7. All recommendations are made on base of scientific data 

andd peer reviewed information, but it must be realized that in treating the individual patient, 

guideliness are not sufficient and optimal patient care will include repeated clinical examination, 

thoughtfull consideration of the microbiological data, and recognition of institutional trends, and 

adaptationn of the guidelines if needed. Three general schemes are considered a) monotherapy b) 

duotherapyy without vancomycin, c) vancomycin plus one or two drugs. Antibiotic treatment for 

att least 3-5 days is usually required to determine the efficacy of the initial regimen. Even when the 

patientt remains febrile the clinician may wait 5 days to make any changes in the antimicrobial 

regimen,, unless there is clinical deterioration or a positive blood<urture result. If fever persists 

afterr 5 days and there is profound neutropenia, 1 of 3 choices of management should be 

made,, 7) continue treatment with the initial regimen, this can be considered if the patient 

remainss otherwise stable, 2) change or add antibiotic treatment, this can be considered if 

duringg the first days it becomes clear that there is a focus of infection, such as neutropenic 

enterocolitiss and Clostridium toxin is found positive then oral Flagyl" should be added. 3) the 

thirdd choice to consider is the addition of anti-fungal therapy. Amphotericin B is the first drug of 

choice.. Every effort should be made to determine whether systemic fungal infection exists. The 

4** option to stop all intravenous antibiotics should not be considered. Concerning the duration 

off antibiotic therapy the evidence is not very strong. Most approaches recommend stopping 

antibioticss when the patient has been afebrile for 48 hours, and there should be evidence of 

marroww recovery. If anti-fungal treatment has been started it is recommended to continue this 

forr 14 days if no positive fungal culture was found, and in case of a positive fungal culture at 

leastt 21 days is recommended or until all signs of fungat infection are controlled. 

Inn the last decade there is a better understanding of the syndrome of febrile neutropenia, 
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Chapterr 1 

includingg the development of risk prediction rules, and risk-based strategies (see paragraph 2). 

Thiss is used in adult oncology patients, not yet in pediatric oncology patients. 

Evenn though the spectrum of febrile neutropenia is more clear severe infections do occur. Two 

off these serious infectious complications will be discussed. 

1.22 Specifi c infectiou s complication s 
1.2.11 Neutropeni c enterocoliti s 

Neutropenicc enterocolitis is defined as a necrotizing inflammation of the colon in a severely 

immunocompromisedd patient 's. This is considered one of the life-threatening complications 

relatedd to bone marrow suppression and neutropenia. The incidence ranges from 5-40% in 

severee (absolute neutrophil count < 100 cells/mm3) neutropenic patients7479. The mortality 

withh good medical management has been estimated at 20% f9. Although any part of the 

gastro-intestinall tract may be involved, the cecum appears to be the most severely affected 

withh mucosal ulceration, gangrene, and perforation. Some investigators suggested that the 

cecumm is more prone to this injury due to its greater distensibility, relative lower blood flow, 

andd increased stasis of luminal contents compared to the rest of the gastrointestinal tract 2a. 

Thee presence of micro-organisms such as Clostridium difficile, Pseudomonas aeruginosa, 

EscherichiaEscherichia coli, Klebsiella spp, and Candida spp in areas of necrotic bowel and in blood cultures 

fromm affected patients suggests that enterocolitis is primarily an infectious process. The primary 

mucosall insult that ailows bacterial invasion may result from a number of mechanisms, including 

chemotherapy-inducedd mucosal injury, shock leading to low flow and mucosal ischemia, abnormal 

intestinall flora secondary to aggressive, broad-spectrum antibiotics, or necrosis of tumor infiltrates. 

Thee invasion of bacteria itself can cause further necrosis of the bowel wall, leading to full-

thicknesss infarction and perforation of the intestine. 

Affectedd patients typically present with fever, abdominal pain and distension, and diarrhea. It 

mustt be realized that thé clinical presentation of neutropenic enterocolitis can be extremely 

variable,, and that there are no strict criteria to make the diagnosis. Furthermore, the symptoms 

aree nonspecific and may be similar to those of a number of gastrointestinal processes. There 

aree no specific laboratory or radiologic findings that form the golden standard for diagnosing 

neutropenicc enterocolitis. Plain abdominal radiographs and ultra-sound may demonstrate dilated 

loopss of bowel, thickening of the bowel wall, "thumb printing" resulting from bowel wall 

edema,, or indications of a right lower quadrant mass or phlegmon. Pneumatosis intestinatis 

cann be seen and is not an indication for surgical intervention '**'. Free intraperitoneal air indicates 

perforationn of the bowel wall, this is an indication for surgical intervention. The initial treatment 

forr neutropenic colitis is supportive, with the administration of broad-spectrum antibiotics, 

intravenouss fluids and bowel rest. It is extremely difficult to predict the course of the disease. 

Thereforee in Chapter 4 of this thesis a prospective study is presented to gain insight in this 

severee complication and to identify markers for severity. 

16 6 
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1.2.22 Varicell a zoste r infectio n 

Varicellaa (chickenpox) is an acute highly infectious disease caused by VZV. Children generally 

developp mild disease, manifested by fever, a vesicular rash and mild constitutional symptoms. 

However,, in children with malignant disease the incidence of complications and even mortality 

duee to varicella infection is high. The complication-rate is approximately 30% and in untreated 

casess the mortality-rate approaches 20% i2. Antiviral therapy has improved the outcome 

considerablyy but the overall mortality rate in the immuno-compromised patient remains 7% 

^".Thee most common complication is acute secondary bacterial skin infection, caused by 

StaphylococcusStaphylococcus aureus or Streptococcus pyogenes. In children under 5 years of age, there is an 

increasee of this complication even leading to a streptococcal toxic shock syndrome 24. Neurologic 

complicationss can also occur in 1-3 patients per 10.000 cases 2S. The most common is 

postinfectiouss cerebellar ataxia which occurs in about 1 in 4000 varicella cases 2S which most 

oftenn resolves without complications. Meningoencephalitis occurs slightly less frequent (1 -2 episodes 

perr 10.000 varicella cases) but has a less favorable outcome 26. The mortality rate ranges from 5-

25%% and neurologic sequelae are seen in 20% of patients2?. Other complications are pneumonia^ 

viscerall disorders (including hepatitis and severe gastrointestinal symptoms), hematological 

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

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

interestt in the live-attenuated vaccine increased 2S. The varicella vaccine was found to be safe, 

immunogenicc and effective in leukemic children M;30. This VZV vaccine was given in the 

maintenancee phase of chemotherapy and chemotherapy was delayed at the time the vaccination 

wass given. Therefore in chapte r 7 an ongoing prospective study will be presented administering 

varicellaa vaccine to pediatric oncology patients (both patients with hematological malignancies 

ass patients with solid tumors) in an early phase of their disease, without delaying the 

chemotherapy,, to evaluate the efficacy of VZV vaccine in an early stage of chemotherapy 

treatment. . 

22 Predictor s of the clinica l cours e of infectio n 

2:11 Risk-assessmen t and infectio n 
Differentt approaches have been developed over time regarding the empirical antimicrobial 

therapyy for fever in neutropenic patients. It is now known that the febrile neutropenic patient 

formss a heterogenous population, constituting a group at low-risk of serious complications and 

aa group at high-risk of serious complications. Many studies have been done focusing on risk-

assessmentt in the febrile neutropenic patient. If a low risk group is identified this opens the 

possibilitiess to different treatment strategies including outpatient antbiotic therapy after early 

dischargee from the hospital, or outpatient therapy for the entire febrile episode, using 
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Chapterr 1 

parenteral,, sequential (intravenous followed by oral) or oral antibiotic regimens. The trials on 

adultt patients 3l32 have validated a clinical scoring system to identify the different subgroups of 

patients.. Talcott validated a clinical model for predicting the medical risk for infection in aduit 

oncologyy patients with fever and neutropenia3\ Stepwise logistic regression analysis of presenting 

clinicall characteristics was performed to model the independent predictors of subsequent medical 

complications.. Inappropriate candidates for early discharge are patients with fever and 

neutropeniaa who are already ill and hospitalized (Group I), newly ill patients (out-patients with 

seriouss concurrent co-morbidity, Group II), or at high risk of progressive cancer (outpatients with 

uncontrolledd cancer, Group 111). Clinically stable patients without co-morbidity and without serious 

complicationss (Group IV) constitute the group that can be considered at low risk for serious 

medicall complications. Around 40 % of all febrile neutropenic patients belong to Group IV. 

Klasterskyy et al 32 refined the Talcott model and validated an international clinical prediction 

rule,, based on patient history, age, outpatient status, acute clinical status and severity of disease. 

Thee clinical prediction rule derived from the score identifies a low-risk group of patients with a 

scoree of at least 21. This threshold corresponds to a positive predictive value of 94 %. This 

burdenn of illness 
symptomss non-existent or mild 5 
symptomss moderate 3 

absencee of hypotension 5 

(systolicc bloodpressufé<90 mmhtg) 

absencee of chronic pulmonary obstructive disease 4 

solidd tumor or no previous fungal infection 4 

absencee of dehydration 3 

outpatientt status 3 

age<600 years 2 

thresholdd was a compromise between a safe positive predictive value, and a misclassification 

ratee that would not be too high. This model can make up more than 60% of all febrile neutropenic 

patients,, it is however not known yet if this model will retain its high predictive values in a 

settingg of out-patient management with intravenous or oral antibiotics. 

Thee management of febrile neutropenia in children with cancer has not yet led to an international 

adaptedd standard clinical prediction rule identifying the children at low risk of serious infections 

andd those at high risk for serious infections. Many pediatric trials on this subject have been 

performed.. Qrudjev et al 33 reported on all pediatric trials done on risk-assessment. Twenty-

sevenn prospective trials were identified and five reviews. Orudjev divided studies that concentrated 

onn clinical comorbidities ruling out children suitable for the low-risk strategy and studies 

concentratingg on laboratory parameters. 

18 8 
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Thee patiënt related co-morbidities ruling out children as being classified "low-risk" are: 

age<11 year{limfted data), age <5 years (limited data), 

history:: bacteremia during previous neutropenic episodes, rigors after flushing the central 

venouss catheter, non-compliance, >l-2 hours from hospital 

medicall conditions requiring hospitalisation: shock, metabolic instability, altered mental 

status,, hemorrhage, dehydration, pneumonitis, mucositis, increased work of breathing, 

perirectall or soft tissue abscesses, diarrhea, vomiting, irritability, organ failure 

cancer-associatedd co-morbidities: uncontrolled tumor, leukemia at diagnosis, leukemia in 

relapse e 

treatment-associatedd comorbidities: anticipated neutropenia >7 days, 1-12 months post 

stem<elll transplant (limited data) 

Informationn on demographic findings such as age and underlying cancer is limited. Infants 

weree excluded from a number of studies, and 2 randomized trials on oral antibiotics excluded 

childrenn <5 years of age H3S. If we consider most of the co-morbidities mentioned, it will be 

clearr that on admission a thorough history and physical examination are needed to classify the 

patientt in the "low-risk" or "high-risk" category. 

Nextt to studies on clinical parameters, studies have focussed on laboratory parameters to classify 

thee pediatric febrile neutropenic patient at "low-risk" or "high risk" of infectious complications. 

Off the laboratory parameters two were found significant, the absolute monocyte count on 

admissionn of the patient and the C-reactive protein (CRP). If the absolute monocyte count 

(AmoC)) was above 100 cells/mm3 and the CRP was below 90 mg/L the risk for bacteremia was 

loww (5%)36"50. A consistent trend has been shown in patients with a low neutrophil count (<100 

cells/mm3)) or no evidence of marrow recovery constituting the "high risk" group. If by day 4 of 

febrilee neutropenia, the plateletcount rises and the monocyte count is >100 cells/mm3, then 

thiss constitutes marrow recovery and patients can be defined as "low-risk" patients. The "low-

riskk prediction rule" in pediatric patients is not a dearcut rule. Muilen et af x has found that of 

thee 50% "low-risk" patients, one third were not eligible for out-patient therapy because of non-

medicall reasons, such as organizational and logistic variables in treating the patient as an "out-

patient",, insecure parents who prefer the child to be admitted for the duration of the fever. 

Inn many instances, empirical therapy will be instituted at the hospital and decisions can be 

madee to switch to oral antibiotic therapy after initial intravenous therapy. In pediatric oncology 

thiss is not the standard of care as yet, but the above trials offer support for reconsidering the 

broad-spectrumm antibiotics started intravenously, which might lead to less antibiotic usage and 

lesss days in hospital. 

Withinn the "high-risk" group of patients who need hospitalisation because of the existent co-

morbiditiess or/and laboratory parameters, it is important to identify within this group of patients 

thee patients at high risk for serious complications of infections such as neutropenic enterocolitis. 
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Chapterr 1 

Thee predictive value of the measurement of inflammatory markers in serum and plasma has been 

evaluated.. To understand this first a basic overview of the immunological system will be presented. 

2.11 The immunologica l system , a bask overvie w 
Thee reaction of the immune system towards certain triggers from the in- or outside environment 

consistss of an innate immune response (non-specific) and an adaptive (specific) immune response. 

TheThe innate immune response is considered the first line of defense, and sets the stage for the 

adaptivee specific response. The protective effects are a result of the steady-state resistance 

causedd by physical barriers tike the skin and mucous membranes. Apart from acting as a barrier, 

thee skin and mucous membranes also have effective antimicrobial properties. After the micro-

organismss invade the epithelial barrier the cells of the innate immune response play a crucial 

rolee in the initiation and subsequent direction of the adaptive immune response. There is a 

delayy of 4-7 days before the adaptive immune response takes effect; therefore the innate 

immunee response has a critical role in the control of infections during the first few days * All 

componentss of innate immunity are present prior to exposure to micro-organisms and will act 

immediatelyy towards them. 

Thee main component of soluble factors belonging to the innate immunity is the complement 

system.. This is a group of 20 or more serum proteins that interact in an orderly fashion and are 

referredd to as the complement cascade. The effector functions of complement can be activated 

byy 3 pathways (figure 1). The classical pathway, activated by antibody binding to antigen. The 

lectinn pathway initiated by binding of lectins (such as mannan-binding lectin (MBL)) to mannose-

containingg proteinss or other carbohydrates on bacteria and viruses, and the alternative pathway 

whenn a spontaneously activated complement component binds to the surface of a pathogen 40. 

Thee early events of all three pathways lead to a number of cleavage reactions ending in the 

formationn of so called C3 convertase. From there on, a cascade of enzymatic activities occur, 

leadingg to complement-binding to receptors on phagocytes followed by opsonization direct 

lysiss of the micro-organisms, and the induction of peptide mediators of inflammation, such as 

C3aa and C5a. 

Mononuclearr phagocytes in blood, lymph nodes, spleen, liver, bone-marrow, und lung constitute 

thee reticuloendothelial system. These cells may recognize microbes by pattern recognition 

receptorss on the surface of the macrophage, or receptors for IgG on complement fragments 

depositedd on the microbes upon opsonization. Engagement of many of the pattern recognition 

receptorss lead to microbial clearance, and lead to the production of cytokines and chemokines 

byy mononuclear phagocytes and dendritic cells. Mononuclear phagocytes are important 

producerss of the pro-inflammatory cytokines such as, TNF-a, interleukin IL-1p, IL-12 and IL-18, 

whichh influence the inflammatory response and provide priming signals for induction of adaptive 

immunity.. Macrophages produce modulatory factors, such as IL-10 and TGF-a, which inhibit 

thee production and action of the pro-inflammatory cytokines, in particular when actively clearing 
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Pathwayss of Complement Activation 

Classicall pathway 
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Figuree 1: Complement-cascade demonstrating the 3 pathways of activation, the classical pathway, the 
alternativee pathway and the lectin pathway 

Figuree 2: The cell-mediated immune response and the role of the T-helper eel 
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apoptoticc material 4M?. Apart from the macrophages, tissue cells are also able to produce 

cytokines,, such as IL-8 an important mediator of polymorphonuclear leucocytes (PMN) localization, 

togetherr this will regulate the onset of the adaptive immunity43"*5. 

TheThe adaptive immunity consists of specific humoral immunity and cellular immunity. The adaptive 

humorall response to infection involves the production of specific antibodies by B lymphocytes, 

thee binding of these antibodies to the pathogen and elimination of the pathogen by cells of the 

humorall immune system. B-cell activation requires the binding of a specific antigen to the B<ell 

surfacee immunoglobulin (i.e. antigen receptor) and the interaction of the natve B cell with antigen-

specificc T-helper cells. These interactions occur in the lymph nodes draining on the tissues. These 

T-helperr cells induce B cell proliferation after which the naive B-cells differentiate in antibody-

secretingg plasma cells or memory-B-cells, that may leave these lymph nodes and settle in other 

secondaryy lymph organs, such as the spleen, Peyer's patches or the bone-marrow. Antibodies 

enhancee complement and granulocyte mediated killing of the invading free-living pathogens. 

Thee cell-mediated immune response is responsible for destruction of organisms that can not be 

neutralizedd by antibodies (such as many viruses, protozoa, parasites and some intracellular 

bacteriall pathogens). 

Whenn cells are recognized as "non-self" by T<ells, they are lysed by T-lymphocytês, exposing 

thee pathogen to antibodies, complement and granulocytes, capable of eliminating the pathogens. 

TT cells are functionally divided in CD4+ T lymphocytes also called T-helper cells and CD8+ T cells 

generallyy known as cytotoxic T cells. CD8+ T cells play an important and active role in the 

controll of viral infections by lysing virus-infected cells but are also important in eliminating 

intracellularr pathogens. CD4+ T cells not only function as helper cells for specific antibody 

generation,, but also play a role in the recognition of antigen-presenting cells resulting in 

lymphokinee release as the principal effector function (figure 2), as well as activating the 

macrophagess to perform optimal killing. In this latter reaction, IFN-y plays an essential role in 

casee of mycobacterial infection and salmonellosis A3. 

2.22 The huma n genetic s of infection , the rol e of MBL 
Thee course of many infectious diseases is influenced substantially by genetic variation in the 

host.. For instance the association of cholera symptoms and bloodgroup O has been found 

consistentlyy in several studies *4?. It is known that innate immunity plays a critical role in the 

firstt few days of infection. Mutations and polymorphisms in genes encoding members of the 

innatee immune system appear to alter the hast susceptibility and responses to various pathogenic 

micro-organisms.. The most well known is the sickle cell trait protecting against Malaria falciparum, 

otherr examples are tuberculosis susceptibility linked to variations in the NRAMP1 gene, a HLA-

DQQ allele, and IL-12 deficiency"6"9, susceptibility to pneumococcal disease linked to defective 

productionn of antibody to the pneumococcal capsule 50. This list will extend in the future and 

offerr possibilities for treatment and vaccination. 
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Onee of the essential components of the innate immune system is the complement system, 

whichh has 3 possible routes of activation, as described earlier. One of these routes is the MBL 

pathway.. MBL is a circulating protein that recognizes a wide range of micro-organisms, including 

certainn Gram-positive and Gram-negative bacteria, yeast, fungi, parasites and some viruses like 

HIV,, influenza virus, RS virus and herpes simplex virus. MBL is located on chromosome 10q25, 

andd there are seven distinct haplotypes influencing the stability of the protein and thereby its 

serumm concentration5ÏS4. Up to 25% of the population has decreased levels of MBL53. In earlier 

studiess MBL-deficiency seems to be of clinical relevance when found in conjunction with other 

deficienciess of the immune system. This was first shown in children with combined MBL deficiency 

andd IgG-subdass deficiencies ss. 

Chemotherapyy causes neutropenia and an increased chance for infections. Neth ef a/5Senrolled 

1000 children receiving chemotherapy for malignancy. The main finding was that patients with 

MBLL mutations had twice as many febrile neutropenic days compared to children with the wild-

typee genotype. There was no obvious relation between the frequency of Gram-positive bacteria, 

Gram-negativee bacteria, or fungal infections and MBL-genotype. Petersluhd ef a/57 investigated 

544 adult patients with a variety of hematological malignancies. The MBL level of patients with 

clinicall severe infections was retrospectively compared with the MBL level of patients without 

infection.. The MBL level was significantly lower in patients with clinically severe infection. 

Bergmannn et a/ ^ prospectively studied 80 adult acute myeloid leukemia patients. 20% of 

thesee patients had low MBL levels. Low levels of MBL did not influence the incidence or duration 

off fever, or occurrence of septicemia or pneumonia. Kilpatrick et al ^prospectively studied 54 

adultt patients with hematological malignancies. No significant relation was found between 

MBLL deficiency and severity of infections.Two other retrospective studies were performed in 

allogenicc transplant patients. Mullighan et al K studied 97 donor-recipient pairs undergoing 

allogenicc bone-marrow transplant for a hematological malignancy. Of the 93 recipients 40.9% 

andd of the 90 donors 42.2% carried an MBL2 coding mutation. Both MBL2 coding and promoter 

polymorphismss were associated with an increased risk of infection following transplantation, 

thiss was seen both for the donor and the recipient. The high-producing haplotype HYPA was 

associatedd with a markedly reduced risk of infection (both for recipient and donor). Rocha etaf 
6161 studied gene polymorphisms and clinical first episodes of infection in 107 HLAidentical allogenic 

BMTT for acute or chronic leukemia. MBL gene polymorphisms were not associated with more 

severee infections. The above 6 studies illustrate that MBL levels play a certain role in severity of 

infectionn in oncological patients treated with chemotherapy. However, there is controversy in the 

results,, and so far only one prospective pediatric trial was performed. In chapte r 3 of this thesis 

aa prospective pilot study will be presented evaluating the level of MBL and genotyping MBL2 in 

relationn with febrile neutropenia in a relatively small cohort of pediatric oncology patients. 
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2.33 The prognosti c rol e of cytokine s predictin g the clinica l cours e of infectio n 
Thee acute-phase protein CRP has been widely used as prognostic indicator for severity of febrile 

neutropeniaa but unfortunately there are disadvantages. CRP does not increase significantly 

untill 2448 hours after onset of inflammation and the serum concentration correlates with the 

gradee of tissue damage and the activity of the underlying malignancy52-62. Monitoring of serum 

cytokiness may be used as an early diagnostic tool for bacterial infections before results of blood 

culturess are available. It has been well established that pro-inflammatory cytokines are released 

duringg infection. The cytokine response pattern in the first 24 hours after start of fever in neutropenic 

patientss is important. Engervall et al were the first to describe this cytokine pattern w. Gram-

negativee bacteremia in febrile neutropenic patients correlated with high levels of TNF-a, and IL-

11 ra (receptor antagonist) at the time of blood-culture; at 2-6 hrs after start of fever there were 

highh serum levels of TNF-a, IL-1, IL-6 and IL-10. For Gram-positive bacteremia no discriminative 

cytokinee level was found, Steinmetz et al defined cut-off levels for IL-6 and IL-8 prior to the 

onsett of fever in the neutropenic patient (the cut-off levels for predicting serious infection were 

IL-66 >15 pg/mLand IL-8 >130 pg/mL)64, De Bont etal65 could define a low-risk febrile neutropenic 

groupp on base of IL-6 and IL-8 levels at the start of the febrile neutropenic episode. Apart from 

thee role of cytokines as predictors for severity of infection, the precursor protein of calcitonin, 

pro-calcitoninn has been found to be an even more useful diagnostic inflammatory marker in 

febrilee cancer patients than IL-6, IL-8 and CRP a. Predicting bacteremic versus norvbacteremic 

infectionn pro-calcitonin was preferred to IL-6 (cut-off level 0.5 ng/mL, sensitivity 73% specificity 

86%),, but in predicting Gram-negative bacteremia IL-8 was superior66. 

IL-88 seems a reliable marker for severe infection such as Gram-negative bacteremia. IL-8 belongs 

too the family of chemokines (chemotactic cytokines), it is produced by various cell types, 

monocytes,, lymphocytes and granulocytes. It seems unlikely that these are the main sources of 

IL-88 during febrile episodes and chemotherapy-induced neutropenia. Therefore other cell types 

mustt play a role in IL-8 production like endothelial cells, epithelial cells and fibroblasts 65. 

Knowingg that tissue-damage influences thé cytokine pattern, a prognostic study was performed 

inn pediatric oncology patients suspected of neutropenic enterocolitis, to gain insight in the 

pathology,, immunology, cytokine levels, infectious causes and clinical follow-up of these patients. 

Thiss will be presented in chapte r 4. 

33 Preventio n of infectio n 

3.11 Preventio n of Gram-positiv e cathete r relate d infection s 
Tunnelledd central venous catheters have become convenient tools in the treatment of patients, 

especiallyy in pediatric patients where venous access is poor and there is a need for prolonged 

administrationn of chemotherapy, blood products or total parenteral nutrition. The tunnelled 
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centrall venous catheters can be divided in total implantable devices (the subcutaneous port) 

andd the non-fully implantable devices (most used are the Hickman and the Broviac catheter). 

Thesee non-fully implantable devices can have single or multiple lumina. This is required when 

moree agents need to be infused simultaneously like in bonemarrow-transplant patients. They 

aree surgically inserted under sterile conditions by experienced personell. The distal end of the 

catheterr is positioned in the superior caval vein or right atrium. Broviac and Hickman catheters 

aree anchored by a Dacron cuff subcutaneóusly before exiting the skin. Fixation of the catheter 

usuallyy occurs within 3-4 weeks after insertion. If possible the subcutaneous port is placed 

becausee the port is less visible, it preserves the body image of the patient, needs flushing less 

oftenn than the Broviac or Hickman catheter and is less susceptible for infections.S7fi8. However, 

inn patients undergoing allogenic bone-marrow transplantation and in patients at high-risk of 

tumorr lysis (Burkitt lymphoma) the non-fully implantable device is preferred, because it can be 

predictedd that multiple lumens are needed. 

Thee reported rates of infection vary according to the intensity of the use of the catheter, the 

maintenancee of the catheter and the underlying malignancy. The risk ranges from 1.4 to 2.8 

infectionss per 1000 catheter days 697 . Important in these reported rates are how catheter-

relatedd infection is defined and what diagnostic method was performed to prove the presence. 

off a catheter-related infection. 

Tablee 1: Definitions of catheter-related infections {Mermef et a!) 

Definition s s 

Exit-sitee infection Evidence of cellulitis around the exit site, diagnosis can be made by 
inspection.. If quantitative culturing in the laboratory is present then 
quantitativee culturing of the skin or of the subcutaneous catheter segment 
mayy be helpful. An exit site infection may occur with or without a 
bloodstreamm infection. 

Tunnet-infectionn Evidence of cellulitis overlying the tunnel tract of subcutaneóusly tunnelled 
catheters:: There are signs of inflammation along the tunnel tract and 
theree is tenderness to palpation over the tunnel tract 

Definitee catheter-related infection Isolation of the same organism from percutaneous blood culture and 
fromm one of the following: 
a)) exudate at the catheter exit site 
b)) a semiquantitative catheter segment culture (but this requires catheter 

removal) ) 
c)) quantitative blood culture with recovery of at least five fold higher 

colonyy count from blood obtained through the catheter than from a 
percutaneouss blood culture. 

Suspectedd catheter-related infection a temporal succession of catheter flushing, onset of chills and fever and 
aa positive blood culture, then highly suggestive of a catheter related 
infection. . 
aa short time to positivity of the bloodculture is suggestive of a catheter 
relatedd infection, this method makes use of continuous blood-culture 
monitoringg and compares the differential time to positivity for qualitative 
culturess of blood samples drawn from the catheter and a peripheral vein. 
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Commonlyy used definitions of intravascular catheter-related infections are divided in exit-site 

infection,, tunnel infection, pocket infection and bloodstream infection. Most recent definitions 

havee been summarized by Mermei etain (Table 1). 

Thee pathogens cultured from catheter-related infections are mainly Gram-positive organisms 

{CHS,{CHS, Enterococci, St aureus) in 70% of the cases, followed by Gram-negative organisms 

(Pseudomonas(Pseudomonas aeruginosa, Enterobacter spp, Acinetobacter spp, Serratia spp) in 15% , fungal 

organismss (Candida spp) in 8% and anaerobe microorganisms in 7%, 

Preventingg these infections is of utmost importance. Obviously education and consistency in 

caree are the mainstays of preventing infection n. 

Ass the most often cultured organisms are Gram-positive organisms, the role of antibiotic 

prophylaxiss covering Gram-positive organisms at the time of placement of the catheter has 

beenn investigated. Until now this role has been found to be controversial 73~76. In Chapter 5 a 

Cochranee systematic review is performed, to answer the question if antibiotic prophylaxis has 

too be given before insertion of the catheter. The use of catheter flush solutions has also been 

investigatedd in their role to prevent Gram-positive infections nB\ In other groups of patients, 

mainlyy neonates it was proven that vancomycin-containing flush solutions decreased nosocomial 

Gram-positivéé bacteremia 82. In oncology patients the results were conflicting therefore in the 

samee systematic review in Chapter 5 alll randomized controlled trials are presented assessing 

thee effect of antibiotic flushing of the catheter. 

3.2::  Preventio n of bacteremi a durin g episode s of neutropeni a usin g selectiv e 
decontaminatio nn of the digestiv e trac t (SDD) 

Ass mentioned in the general introduction Bodey4 emphasized that neutropenia formed a risk-

factorr for infection already 35 years ago. Decreasing infections during neutropenia would 

thereforee decrease morbidity and mortality due to infections. 

Inn the early 70's, van der Waaij et al ̂ developed a strategy to reduce the frequency of infections 

inn the immunocompromised patients. By this strategy, named selective decontamination of the 

digestivee tract (SDD), potentially pathogenic aerobic microorganisms are eliminated from the 

gastro-intestinall tract, without affecting the non-pathogenic anaerobic flora. SDD is based on a 

mechanismm termed 'colonization resistance (CR)', in which the colonic anaerobic flora prevent 

colonizationn with new aerobic mechanisms **. SDD is achieved by administration of oral partly 

absorbablee and partly non-absorbable antibiotics, often in combination with anti-fungal prophylaxis. 

Currentlyy trimethoprim/sulfamethoxazole and quinolqnes are the most widely used in this regard. 

Manyy randomized trials have been performed, often double-blind placebo controlled but on 

smalll groups of patients. In those single trials SDD was found effective in reducing bacteremia 

andd infection, but not in the prevention of fever or in the reduction of overall mortality. These 

dataa were presented in 2 systematic reviews3536. Resistance and the occurrence of Gram-negative 

bacteriaa resistant to quinolones or cotrimoxazole is a potential risk-factor of SDD. Another risk-
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factorr is the poor coverage of Gram-positive organisms with SDD. The addition of an oral, 

systemicc antibiotic against Gram-positive cocci has shown to offer protection against streptococcal 

andd other Gram-positive infections without reducing the overall infectious complication rate 

andd without decreasing mortality due to infections 87. Despite the amount of studies involving 

SDD,, there is no consensus whether SDD should be given and what types of antibiotics to use. 

Inn Chapter 6, a systematic review was performed assessing all randomized trials looking at the 

efficacyy of the different interventions for SDD, and the influence on death due to infection. 

3.33 Preventio n of varicell a zoste r infectio n by immunizin g varicell a IgG 
negativ ee childre n wit h cancer 

Thee requirements for successful vaccination vary according to the nature of the infecting 

organism.. For extracellular organisms antibodies provide the most important adaptive mechanism 

off host defence, while for control of intracellular organisms an effective CD8+T- lymphocyte 

responsee is essential. The ideal vaccination provides host defence at the point of entry of the 

infectiouss agent. Therefore mucosal immunity is of utmost importance as many organisms 

enterr through the mucosa * 

Uve-attenuatedd viral vaccines are far more potent than tailed viral vaccines. Probably because 

theyy elicit a greater number of relevant effector mechanisms, including cytotoxic CD8+ T-cells. 

Attenuationn is achieved by growing the virus first in human cultured cells. Subsequently the 

viruss is then adapted to growth in cells of a different species, until it grows only poorly in 

humann cells. The virus acquires many mutations that allows growth in the cultured non-human 

celll but prevents growth in the human cell. It will therefore produce immunity but not disease. 

Attenuationn may be achieved more rapidly and reliably using recombinant DNA techniques. 

Thee mutations created make it virtually impossible to revert to the wild-type virus 4e. 

Recommendationss on vaccination during chemotherapy state that killed or inactivated vaccines 

doo not represent a danger to the immunocompromised host, and as a general rule live attenuated 

vacciness should be administered at least 6 months after stopping chemotherapy (50). However, 

thee immunogenic response to vaccinations is decreased during chemotherapy, but not zero, 

thiss enables us to vaccinate with certain vaccines. This makes it interesting in patients in who 

wee can expect complications during or after the VZV infection and it is of special interest in 

area'ss where herd immunity is low. Prerequisites for vaccination are an adequate number of 

lymphocytess (>750 cells/mm3) an adequate number of neutrophils (>1000 cells/mm3) and no 

usee of dexamethasone 14 days before the vaccination and one week after the vaccination. 

Ass awareness of the morbidity and mortality due to varicella infection became established {see 

sectionn 1.2.2), the interest in the live-attenuated varicella vaccine increased. This vaccine (the 

Oka-strain)) was developed in Japan in the early 1970's28 and was approved by the Food and 

Drugg Administration in 1995 for routine use in healthy persons older than one year of age who 

aree susceptible to varicella. Japan, Korea and the majority of the states of the USA are including 
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varicellaa vaccination in their routine schedule. The goal of the Centers for Disease Control and 

Preventionn of reaching more than 90% of children less than three years of age by 2010 seems 

achievable.. A marked decline in the number of cases of varicella has been observed in the USA, 

andd a non-significant trend towards less hospitalizations due to chickenpox tó. 

Inn the USA 575 children with leukemia in remission were immunized in the Varicella Vaccine 

Collaborativee Study. All children were in continuous remission for over 1 year or more 30. The 

varicellaa vaccine was found to be safe, immunogenic and effective. The major adverse reaction 

wass a varicelliform rash, treated with oral acyclovir. The seroconversion to VZV occurred in S2%' 

off vaccinees after 1 dose and in 95% after 2 doses. The benefits of varicella vaccination should 

bee extended to oncology patients in an earlier phase of the treatment. One study administered 

varicellaa vaccine before the start of chemotherapy. Seroconversion was noted in 77% of 13 

vaccinatedd children. Mild side-effects were observed in 12.5% of patients consisting of a 

varicelliformm rash and fever. In this study it seemed safe to administer the vaccine, only mild side 

effectss were seen, however, also in this study the onset of chemotherapy was delayed because 

off thé vaccination59. 

Ourr aim was to study the efficacy of VZV vaccination in IgG-VZV negative pediatric oncology 

patients,, without interrupting chemotherapy and introducing the vaccine in a relative early 

phasee of the chemotherapy. Seroconversion early in their treatment will decrease the incidence 

off VZV infections and reduce the number of complications due to this infection. This ongoing 

studyy wilt be presented in Chapte r 7. 
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Abstrac t t 
Objectives ::  To identify the morbidity and mortality due to infections in a South African 

pediatricc oncology unit, and to identify risk factors associated with first bacteremic 
episodess in this unit. 

Procedure ;;  A retrospective cohort study was done in a large regional referral pediatric 
cancerr center from 1991-1995, of all consecutive patients with culture proven 
bacteremia.. Eighty-three oncology patients were studied (median age 4.0 years) 
inn whom a total of 200 episodes of bacteremia were recorded, of which S3 first 
bacteremicc episodes. 

Results ::  Of thé 200 episodes 70% were caused by Gram-positive organisms, 20 % by 
Gram-- negative organisms and 10% by fungal organisms. Organisms associated 
withh high mortality were Gram-negative organisms (Acinetobacter spp.t 
PseudomonasPseudomonas aeruginosa, 
KlebsiellaKlebsiella species), and fungal organisms, {Candida parapsilosis). Seventeen out 
off 200 episodes ended in death of the patient. In 59 % of patients Hickman 
catheterss were in situ. The mean incidence of catheter related bacteremia's was 
3.33 episodes per 1000 catheter days. Seventy percent of first bacteremic épisodes 
occuredd within 50 days after placement of the catheter. The generalized 
estimationn equations model revealed that more Gram-negative infections 
occurredd in the presence of a Hickmancatheter (odds ratio 2,2, 95% C11,0-5,0). 
Thee presence of neutropenia and the use of parenteral nutrition were not 
associatedd with specific bacteremic patterns. 

Conclusions ::  Including all bacteremic episodes in this cohort study a high incidence of fungal 
infectionss occurred of which 64% occurred with a Hickmancatheter in situ. 
CandidaCandida parapsilosis had a higher incidence than reported in other centres. 
Secondlyy looking at first bacteremic episodes a high incidence of Gram-negative 
infectionss was observed especially in the presence of a Hickmancatheter. 
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Introductio n n 
Althoughh the management of the child with cancer has improved dramatically over the past 20 

years,, significant morbidity and mortality from infectious complications are still seen (1,2,3). A 

numberr of risk factors are important in contributing to infectious complications. 

Thee major risk factor leading to infection in patients with cancer is therapy-induced neutropenia 

ass defined by an absolute neutrophil count (ANC) less than 500 cells /mm3. 

AA subpopulation with the highest risk of infection are those who experience more profound 

{ANCC <100 cells/mm3) and prolonged (>7 days) neutropenia. Intensifying chemotherapeutic 

protocols,, allogenic and autologous bone-marrow transplants have led to longer periods of 

profoundd neutropenia.(3,4,5) 

Thee second important risk factor within the group of oncology patients is the increased use of 

indwellingg central venous catheters (ICVC). The mean incidence of ICVGrelated bloodstream infections 

inn hospitalized pediatric patients is 2.4 episodes per 1000 catheter days (6,7). Totally implantable 

devicess are associated with a lower risk of infection, these are reported to have a 20 fold tower risk 

off infection than external ICVC's (6). Microorganisms most commonly causing ICVC related 

bacteremia'ss are coagulase-negative staphylococci, Staphyloccus aureus and Candida sp. Gram 

negativee bacilli are considered less frequent and generally related to a hospital environment (7). 

Thee last risk factor mentioned is the use of intravenous hyperalimentation. The group receiving 

parenterall nutrition is at greater risk for developing infections for several reasons. These are 

postt surgical patients, critically ill patients with bowel pathology, patients with a poor nutritional 

statuss and patients who receive intensive chemotherapy. In 1985 Wolffe (8) examined infectious 

complicationss of the use of parenteral nutrition. Organisms isolated were Staphylococci ,f ungi 

andd Gram negative bacilli. 

Limitedd data are available on infectious complications in pediatric oncology patients in countries, 

wheree most patients come from a rural area. Most children are admitted in an advanced stage 

off their disease. The poor housing circumstances, the long travel distances and the severity of 

thee disease might influence the risk of infection. 

Thee purpose of this study was to investigate: 

a)) Causes of bacteremia and characteristics of children with a malignant disorder admitted to 

aa South African pediatric oncology unit. 

b)) To record the association between central venous catheters, neutropenia, hyperalimentation, 

andd the different groups of organisms (Gram-negatives,Gram-positives and fungal organisms. 

c)) To look at outcome of the recorded bacteremia's, ie. 

1)) the duration of the infection, 

2)) the duration to initiating the correct antibiotic therapy, 

3)) the mortality. 
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Patient ss and method s 
AA retrospective analysis was performed in the pediatric oncology unit of Baragwanath Hospital 

(Johannesburg)) from 1-1-1991 to 1-1-1995. Baragwanath hospital is a large teaching hospital 

thatt provides primary, secondary and tertiary care facilities for the pediatric population of the 

greaterr Soweto (Johannesburg) and acts as a referral center for a large part of Southern Transvaal, 

Nothernn Natal, Orange Free state and several South African countries. In the oncology unit 

aboutt 200 new patients are seen on a yearly basis, mainly black children, with advanced stage 

cancer.. Of all new patients admitted 20 % present with leukemia, 10 % with lymphoma's and 

700 % with solid tumors. They are admitted for long periods of time (the average hospital stay 

perr patient is 83 days) because of their poor housing circumstances, long distances to home 

andd poor transport facilities. 

Inn this study all data on positive bloodcultures were collected from the S.A. Institute of Medical 

Researchh over this time period (1991-1995) after which the medical records were studied. The 

inclusionn criteria for the study were: Newly diagnosed oncology patients admitted to Baragwanath 

Hospitall who received chemotherapy and/or radiotherapy/surgery. Patients who only received 

radiotherapy/surgeryy were excluded from the study. 

Théé information extracted from all study subjects included: age, sex, underlying diagnosis, 

catheterr insertion date, date of catheter removal and cause of catheter removal. For all bacteremic 

episodess recorded the following data were extracted: Date of the infection, type of infection, 

presencee or absence of neutropenia, pathogen causing the infection, the initial therapeutic 

regimen,, and after the pathogen susceptibility was available time to start appropriate antibiotic 

therapy,, and outcome of the bacteremic episode. 

Definition ss  (9) 

Bacteremia/Bacteremia/ Fungemia- Presence of at least one single positive blood culture, in presence of 

feverr with no other obvious focus of infection except for the indwelling catheter. 

Fever-Fever- Rectal Temperature >  38.5 C. on 2 separate occasions over a 12 hour period. 

Granulocytopenia-Granulocytopenia- Neutrophils < 500/mm3, severe neutropenia < 100/mm3 

Outcom e e 

Thee outcome of each bacteremic episode was categorized into 4 groups.The outcome data 

weree retrospectively extracted from the records by MvdW (author) 

1)) The patient had fever, but no Other signs of sepsis (no increased heartrate, no drop in 

bloodd pressure) and recovered without antibiotic therapy. 

2)) The patient was clinically til (lethargic + one other sign of sepsis) and responded to antibiotic 

therapyy within 48 hours (Fever improved and clinically better). 

3)) The patient was clinically ill, and recovery was delayed (with clinical signs of infection 

persisting)) necessitating a change in antibiotic therapy. 
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4)) The bacteremic episode ended in death of the patient. 

Qualit yy  of care: 
Baragwanathh hospital runs 2 separate oncology wards for pediatric patients. There are 3 

specializedd consultants , 1 fellow in hematology, and 2 registrars. There are 20 beds in each 

unit,, nursing-care consists of 4 qualified nurses per shift, 2 nurse-aids and 2 junior nurses. 

Alll patients are treated according to standard European and North-American protocols. 

Thee standard protocol for oncological patients with neutropenic fever existed of starting iv. 

antibiotics,!.e.. imipenem and Amikacin. If no clinical response within 48 hours Vancomycin was 

added.. After 5 days of therapy and noWinical response Amphotericin B i.v, was added. During 

neutropeniaa no patients were isolated, and no extra dietary measures were taken. 

Statistic s s 
Wee used standard statistical techniques to describe the characteristics of patients and their infections. 

Forr patients with a Hickmarvcatheter developing a first bacterial infection, we constructed a Kaplan-

Meierr curve to display the length of time since placement of the catheter till the first bacteremic 

episode. . 

Wee performed a logistic regression analysisto examine whether more Gram-negative infections 

occurredd in the presence of a Hickman catheter or neutropenia. For these analyses we excluded 

fungall infections because of their low frequency, and analysed up to three bacteremic episodes 

perr patient. We used generalized estimating equations models to adjust for the correlation 

betweenn multiple episodes within the same patient.(28,29) The robust estimate of the standard 

errorss was used to calculate §5% confidence intervals around odds ratio's. 

Thesee odds ratio's express the relation between the presence of a Hickman line or neutropenia 

(independentt variables) and the occurrence of a Gram negative infection (dependent variable). 

Thee clinical outcome in relation to the type of organism (Gram positive or Gram negative) 

causingg the first bacteremic episode was analysed using the Chi-square test. A p-value less than 

0.055 was considered statistical significant. 

Alll statistical analyses were done using SPSS software, except for the general estimation equations 

modelss which were performed using SAS 6.12 (GENMOO procedure). 

Result s s 
Duringg the study-period a total of 2302 bloodcultures were taken in pediatric oncology patients 

off these 331 bloodcultures were positive (14.3%). Indication for bloodcultures were fever during 

neutropenia,, repeat bloodcultures and routine bloodcultures on the indwelling catheters done 

2xx a week. Excluding the repeat bloodcultures 2Ö0 separate episodes of bacteremia and/or 

fungemiaa were recorded in 83 patients (51 males, 32 females) The median age of the children 
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wass 4,0 years (range 3 months-14 years) 45.8% had hematological malignancies, 54.2 % solid 

tumors.. The median number of bacteremic episodes per patient was 2,0. The various patiënt 

characteristicss are shown in Table i. 

Characteristic ss of infection s 
Off the 200 organisms recorded 70 % were Gram-positive organisms, of these Gram-positive 

organismss the organisms that were defined as low virulence were: Bacillus spp. Corynehact. 

spp.spp. 5. epidermidis and S, v'mdans. 20 % were Gram negative, and 10% fungal organisms. 83 

episodess were recorded as first infection. The distribution of the organisms on first infections 

wass 79 % Gram-positive organisms, 20 % Gram-negative organisms and 1 % fungal organisms. 

Thee organisms are shown in Table II. 

Tabl ee I: Patient characteristics 

Patientt factor 

Age e 
Gender r 

Male e 
Female e 

Tumorr type 
Solid d 
Hematological l 

Solidd tumor types 
Neuroblastoma a 
Nephroblastoma a 
Rhabdomyosarcoma a 
Retinoblastoma a 
Braintumörs s 
Other r 

Hematologicall Malignancies 
ALL L 
ANLL L 
Hodgktn'ss lymphoma 
Nonn Hodgkïn's lymphoma 
CML L 

Hickmann catheter 
Yes s 
NO O 

Bacteremia a 
Fever r 
Noo fever 

Durationn fever 
Beforee positive culture 
Afterr positive culture 

3months-14years s 

51 1 
32 2 

45 5 
38 8 

3 3 
14 4 
15 5 
7 7 
2 2 
4 4 

17 7 
9 9 
2 2 
9 9 
1 1 

49 9 
34 4 

200 200 
115 5 
85 5 

mediann 4.0 years 

61.4% % 
38,5% % 

54.2% % 
45.8% % 

59.0% % 
41.0% % 

22 days {range 0-32 days) 
33 days {range 0-53 days) 

ALL:: acute lymphoblastic leukemia, ANLL: acute non lymphoblastic leukemia, CML: chronic myeloid leukemia 
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Tablee II: The absolute number of infections is recorded for Gram-positive, Gram-negative and fungal 
organisms,, with in brackets the absolute number of first infections. 

GRAM-POSITIVES S 

S.epidermidis S.epidermidis 
S.S. aureus 
Corynebacterium. Corynebacterium. 
ViridansViridans streptococci 
BacillusBacillus spp. 
Enterococcus Enterococcus 
5.. pneumoniae 
Other r 

Total(First) ) 

611 (27) 
277 (17) 
166 (7) 
133 (8) 
133 (3) 

55 (1) 
44 (2) 
1 1 

GRAM-NEGATIVES S 

AcinetobacterAcinetobacter spp. 
KlebsiellaKlebsiella spp. 
EscherichiaEscherichia coli 
P.aeruginosa P.aeruginosa 
EnterobacterEnterobacter spp 
H.H. influenzae 
Salmonella Salmonella 
Other r 

total(First) ) 

99 (2) 
66 (5) 
55 (2) 
55 (2) 
55 (3) 

33 (1) 
33 (2) 
4 4 

FUNGALL total(first) 

C.parapsilosis C.parapsilosis 
Calbicans Calbicans 
otherr Candida 
otherr fungi 

Anaerobic c 

88 (0) 
77 (0) 
22 (D 
22 (0) 

T T 

Ris kk factors : 

1.1. Indwelling  central  venous  catheters:  Hickman catheters were used in 49 patients (59%) 

(61.2%% solid tumours, 38.8% haematological malignancies). One hundred and ten bacteremic 

episodess were recorded in presence of the Hickman catheter. 

Inn the children with solid tumors 60 bacteremic episodes and in the children with hematological 

malignanciess 50 bacteremic episodes were recorded. With a Hickmanline in situ 37 first 

bacteremicc episodes were recorded.There were 12 patients who experienced their first 

bacteremicc episode before placement of the catheter, therefore their first infection in the 

life-timee of the catheter was not recorded as their first bacteremic episode. The distribution 

off infections showed 70% Gram-positive organisms, 27% Gram-negative organisms and 3% 

fungall organisms. 

Thee mean incidence of catheter related infections was 3.3 episodes per 1000 catheter days. 

Thee median number of days the catheter was in situ was 75 days (range 1-238 days). The 

mediann number of days before the first bacteremic episode was 32 days (range 1-199 days). 

Thee cumulative incidence curve on first infections shows that 70% of catheter infections 

occurr within 50 days of placing the catheter (see Figure I) 

FIGG 1: Number of days that the Hickman-
catheterr was inserted plotted against the 
cumulativee incidence of first bacteremic 
episodes s 

00 50 
timee (days) 

100 100 150 0 200 0 
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Tablee III: The bacteremic episode is'stratified, recording the presence or absence of the Hiekmarvcatheter 
aridd stating the absolute number of Gram-positive Gram-negative and fungal infections. 

Bacteremic c 
episode e 

11 Hmanline-no 
Yes s 

Tota l l 
22 Hmaniine-no 

Yes s 
Tota l l 
33 Hmanline-no 

Yes s 
Tota l l 
44 Hmanline-no 

Yes s 
Tota l l 
5,6,77 Hman line yes 
Tota l l 

Gram-neg g 
infections s 

7 7 
ID D 
17 7 
a a 
7 7 

10 0 
2 2 
6 6 
8 8 
1 1 
3 3 
4 4 
1 1 
1 1 

Gram-pos s 
infections s 

39 9 
26 6 
65 5 
20 0 
21 1 
41 1 
11 1 
8 8 

19 9 
1 1 
9 9 

10 0 
6 6 
6 6 

Fungal l 
infections s 

0 0 
1 1 
1 1 
3 3 
4 4 
7 7 
2 2 
7 7 
9 9 
1 1 
0 0 
1 1 
1 1 
1 1 

Total l 

46 6 
37 7 
83 3 
26 6 
32 2 
58 8 
15 5 
21 1 
36 6 

3 3 
12 2 
15 5 
8 8 
8 8 

Off these first infections related to the catheter 27% were Gram-negative organisms, 70,3 % 

Gram-positivee organisms and 2,7% fungal organisms. 

Thee generalized estimation equations model showed that more Gram-negative infections 

occurredd in the presence of a Hickman catheter (odds ratio 2,2: 95% CI 1,0-5,0), comparing 

thiss to no Hickmancatheter present, although it must be realized that the number of bacteremic 

episodess is small and the confidence interval found wide. Of the Gram negative infections 9 

(=22.5%)) were due to Acinetobacter species of which 5 were A.Baumanii and 4 were A. 

Iwoffi.Iwoffi. A. Baumanii was cause of high morbidity. It is well known that A.Baumanii is an 

importantt nosocomial pathogen and can lead to serious infection previously reported in 

neonatall units and intensive care units (19). Of the 5 A.Baumanii infections 3 ended in death 

off the patient, most likely due to delay in starting adequate antibiotic therapy. Table 111 does 

showw a pattern where more fungal episodes are recorded as 2nd and 3rd bacteremic episode, 

thiss might be related to the prolonged hospital stay of these patients. 

2.. Neutropenia:  In 86 (43%) bacteremic episodes children were neutropenic. Of these 52 

occurredd with severe neutropenia (26% of the total group). In the majority of bacteremic 

episodess (91.5%) the neutropenia resolved within 14 days. In 8 cases there was prolonged 

neutropenia.. Organisms isolated included Klebsiella species, Candida parapsilosis, 

StaphylococcusStaphylococcus aureus, and resistant Acinetobacter. Of the S3 first bacteremic episodes 38 

weree neutropenic (45.7%) and of these 20 (24 %) had severe neutropenia. Organisms cultured 

duringg these severely neutropenic episodes showed 17 Gram-positive organisms (85%) and 

33 Gram-negative organisms (15%).Neutropenia was not associated with a higher risk for 

Gram-negativee infections. The odds ratio for developing Gram-negative infections was 0,7 

(95%% Ct 0.3-1.6) in the presence of neutropenia, comparing this with no neutropenia present. 

3.. Parenteral  Nutrition:  Only 8 patients (9.6 %) received intravenous alimentation. Statistical 
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analysess were not done because of the small numbers. All children experienced bacteremic 

episodes.. Organisms cultured included Gram-negatives (Pseudomonas) and fungal infections 

{Candida{Candida species). 

Outcom ee of bacteremi c episodes : 
Off the 200 episodes recorded, 40 had outcome 1 (not clinically ill), 95 episodes with outcome 

22 (ill and rapid recovery), 48 episodes with outcome 3 (ill and slow recovery) and 17 episodes 

endedd in death of the child.The group of organisms associated with high mortality were Gram-

negativee infections, mainly Acinetobacter species, Pseudomonas aeruginosa, Klebsiella species, 

andd fungal organisms, mainly Candida parapsilosis^ 

Inn Table IV first bacteremic episodes and outcome are presented. The clinical outcome following 

Gram-positivee infections was more favorable than after Gram-negative episodes (p=0.01chi-

squaree test). 

Tablee IV: The outcome of first bacteremic episodes is recorded in 4 categories (1-4) Outcome 1: not clinically 
ill,, rapid recovery, Outcome 2: clinically ill, good response to antibiotic treatment, Outcome 3: clinically ill, 
poorr response, change of antibiotic management, Outcome 4: the bacteremic episode leads to the death of 
thee patient, The percentage Gram-positives, Gram-negatives, and fungal organisms is presented within each 
outcomee category 

Organism/outcome e 

Gram-pos s 
Gram-neg g 
Fungal l 
Total l 

1 1 

14(21,6%) ) 
11 (5,9%) 
00 (0%) 

15 5 

2 2 

33(50,7%) ) 
7(41,2%) ) 

00 (0%) 
40 0 

3 3 

15(23,1%) ) 
44 (23,5%) 
11 (100%) 

20 0 

4 4 

33 (4,6%) 
55 (29,4%) 

00 (0%) 
8 8 

Total l 

65 5 
17 7 

1 1 
83 3 

Usee of Antimicrobia l Therapy : 
Off the 200 bacteremic episodes 159 were treated with antibiotic therapy. The 41 episodes 

wheree antimicrobial therapy was not started causative organisms were either of low virulence, 

orr the patient had recovered when the blood culture result became available, in 100 episodes 

(62.8%)) appropiate antimicrobial therapy was started immediately and the organism cultured 

wass subsequently found to be sensitive to the initial empiric antibiotic therapy. 

Inn 59 episodes there was a delay of one to seven days before appropriate therapy was started. 

Organismss associated with delayed appropriate therapy and a poor outcome included fungal 

organismss (n=10) and highly resistant organisms Acinetobacter species (n=5). 

Off all Hickman catheters 21 were removed because of sepsis. 12 (12%) of 100 appropriately 

treatedd episodes ended in catheter removal, compared to 9 (15%) of 59 episodes where delayed 

appropiatee therapy was started, (All these 9 episodes were fungal organisms and resistant 

AcinetobacterAcinetobacter sp.) 
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Discussio n n 
Inn this study the causes of bacteremia in a South African Pediatric Oncology centre were analysed. 

Thee prevalence of bacteremia recorded over the study period in this unit was 14.3 % The 

prevalencee reported in the literature ranges from 5-67% (10). The wide range reported is most 

likelyy due to differing criteria for taking blood cultures. In most centres patients are treated as 

out-patientss and are only admitted when complications arise. 

AtAt Baragwanath hospital most children require a prolonged hospital stay, (mean 83 days). Children 

whoo would be treated as outpatients in other centres are inpatients in this center Blood cultures 

aree taken 2x a week routinely in all patients with a central venous catheter in situ.The prevalence 

off bacteremia in general pediatrics at Baragwanath hospital over the same time period was 10 %, 

(dataa from the South African Institute of Medical Research) The prevalence, causes and risk-

factorss for first infection Were comparable to previous studies in oncology centers in developed 

countries.. (2,4,11). Different was the high mortality seen from fungal infections (21%), mainly 

CandidaCandida parapsilosis and the high mortality of Gram-negative infections (20%) where resistant 

organismss like Adnetobacter species, cause high morbidity and mortality.(4) 

Fungemia,, a well known serious infection in the immunocompromised host (12) is of major 

concernn in our unit. Very little is known about rates and risks of candidal infections in developing 

countriess (13). The major risk-factors for fungemia are the presence of central venous catheters 

andd neutropenia (14). In our study 64% of fungal infections occurred in patients with Hickman 

catheters.. Of the fungal infections in this unit 42 % were caused by Candida parapsibsis. This 

ratee is higher than that reported in other centers ( 3-27% of all fungemias) (15) Possible causes 

forr this increased incidence might be the more crowded conditions in these hospitals, poor 

infection-control,, the lack of use of selective gut decontamination (16) and frequent use of 

broadd spectrum antibiotics. The latter two causes might consequently lead to high rates of 

yeastt colonization in hospitalized children (17) which can de transmitted indirectly between 

patientss via contaminated hospital surfaces or (para) medical personel(18). 

Inn this study 64% of fungal infections had a poor outcome of which 21 % ended in death. Delay 

inn starting appropriate therapy might have contributed to the poor outcome. The higher incidence 

off fungal infections might warrant the early start of antifungal therapy (that is after 48 hours) 

iff there is no response to antibiotic therapy with negative blood cultures. 

Thee second notable finding was the difference in pattern of organisms in presence of the 

Hickmancatheter.. Not Gram-positive organisms but Gram-negative organisms were significantly 

moree present, and mainly the resistant Gram-negative organisms led to a poor outcome. In 

revieww studies (4) it has been shown that the pattern of Gram-negative infections is changing. 

Klebsiella,Klebsiella, Enterobacter and Serratta spp are shown to increase, E Coli decreases. In our unit 

thee incidence of highly resistant Adnetobacter species increased. 

A.A. Baumanii was cause of high morbidity. It is well known that A Baumanii is an important 
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nosocomiall pathogen and can lead to serious infection previously reported in neonatal units and 

intensivee care units (19). Of the 5 A. Baumanii infections 3 ended in death of the patient, most 

likelyy due to delay in starting adequate antibiotic therapy. Possibly due to prolonged hospitalization 

inn this unit more A. Baumanii are being cultured. Earlier catheter removal might improve the 

outcomee of the patient (20). 

AA third important finding is that most first bacteremic episodes in presence of a Hickmancatheter 

developp within the first 2 months after placement of the catheter. The Kaplan-Meier graph 

showss that 70% of first bacteremic episodes occur within 50 days after placement. Studies 

havee been presented in the literature that confirm this finding (21,22) which has led to small 

interventionstudiess where vancomycin prophylaxis is given when placing the catheter (23,24) 

orr the catheter is flushed with vancomycin the first 30 days after placement in stead of heparin, 

(25,26,27).. The studies have controversial results, and neither method was implemented in the 

abovee study done. Implementing these interventions will possibly decrease the number of Gram 

positivee infections but will not alter the rate of Gram-negative infections that play such an 

importantt role in this unit. It is however a point of concern and needs further attention. 

Thee limitations of this retrospective cohort study are realized. It is however of importance to 

gainn insight in infectious complications in pediatric oncology patients where most patients 

presentt in a late stage of their disease and come from a rural area. By knowing which pathogens 

playy a role during treatment of this group of patients allows us to consider intervention studies 

concentratingg on reducing Gram-negative and fungal infections, which can ultimately lead to a 

betterr outcome of the patient 
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Abstrac t t 
Thee febrile neutropenic patient with cancer forms a heterogenous group. A small group of 

thesee patients will be at high risk for serious infectious complications. It is thought that Mannan-

Bindingg Lectin {MBL) deficiency as part of the innate immunity could lead to serious infections 

inn this group of patients. 

AA prospective cohort study was performed in a single pediatric oncology unit genotyping the 

patientss who were expected to become neutropenic. Data were collected on day 1,3 and 5 of 

thee febrile neutropenic episode correlating the Mfi/.-genotype and the MBL serum level to the 

severityy of the infection. 

Wee included 40 children with cancer and of these 24 could be followed during a neutropenic 

febrilee episode. The incidence of MBL exon-1 gene mutations and MBL serum level deficiency 

(<8000 u.g/L) was found to be 32,5%. In the deficient group there was no relation found with 

severityy of infection, but there was a trend towards a prolonged duration of neutropenia in the 

deficientt group (p=0.07), A possible explanation is that 70% of patients were severely neutropenic 

(<100cell/^L)andd 22.5% of patients were relapse patients. Because of the severe neutropenia 

thee effector function of MBL might be severely compromised. Extending the cohort of patients 

mightt clarify the significance of the prolonged duration of neutropenia. This will answer the 

questionn in which group of patients MBL substitution will be of benefit. 
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Introductio n n 
Althoughh the treatment of pediatric oncology patients has dramatically improved over the past 

200 years, infections still play a major role in morbidity and mortality". Although many patients 

experiencee severe and prolonged neutropenia not all patients suffer from the same complications 

duee to infection during a neutropenic episode. The reasons for this are not clear but low levels 

off MBL might play a role. 

MBLL is a serum protein produced in thé liver, and plays a critical rote in the innate immune 

response,, ft is a collagenous lectin with two roles in host defense4. First, it binds to sugars, in 

particularr N-acetyiglucosamine and mannose, on the surface of many different micro-organisms 

andd facilitates their opsonization. 

Secondlyy MBL activates the classical route of the complement system via the so-called lectin 

routee by means of two MBL-associated serine proteases (MASP's). Thé result is direct complement 

mediatedd lysis and opsonization followed by uptake by phagocytes. 

AA single functional gene (MBL2) at chromosome 10q25 codes for human MBL 5. This MBL gene 

consistss of four exons. MBL deficiency is due to structural gene mutations in exon-1 i.e. at 

codonn 52 (D variant), codon 54 (B variant) and codon 57 (C variant). The A variant represents 

thee "wild type" or normal MBL. In addition to the structural gene mutations there are several 

polymorphismss within the promoter region of the MBL gene. The four promoter haplotypes 

mostt commonly found are LXP, LYP, LYQ and HYP. The gene mutations are in linkage with the 

promoterr polymorphisms and every individual will express two of the seven possible haplotypes-

HYPA,, LYQA, LYPA, LXPA, LYPB, LYQC and HYPD fr9. Serum levels are dominantly influenced by 

thee 3 mutations in exon 1 and modulated by the recessive promoter region polymorphisms. 

Thee concentration of MBL possessed by an individual is genetically determined by the two 

haplotypess inherited from the parents. MBL deficiency is thought to be clinically important in 

patientss with co-existing immune-defects, including primary and secondary immune deficiencies. 

Deficiencyy of MBL was first identified in children with an opsonization defect '9. Subsequent 

studiess focussed on the role of MBL deficiency in relation with severity of infection. To date 3 

prospectivee studies have been performed in oncology patients, of which one was performed in 

chifdrenn " and 2 studies only included adult oncology patients M-n. Three retrospective studies 

weree performed, 2 in allogenic transplant patients M;I5 and one study including patients with 

variouss hematological malignancies76 (Table 1). However, there is controversy about the results 

off these studies. In the study of Neth et al " MBL-deficient pediatric oncology patients were 

shownn to experience longer episodes of febrile neutropenia. Peterslund et al16 and Mullighan 

etet at M found more severe infections in a group of adult oncology patients. Possibilities are now 

availablee to start replacement MBL, with a plasma-derived product, the first clinical applications 

havee shown no adverse effects, no antibody response to MBL, and a biological half life of 5-7 

dayss '7. A prospective study needs to gain insight in the patients who will benefit the most from 

replacementt therapy with MBL 
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Tablee 1: Literature summary 

NethT' ' 

Bergmann1J J 

Kilpatrick'3 3 

Peterslundd

Mullighann

Rochaa

Trial l 

Prospect. . 

Prospect t 

Prospect t 

Retrospect t 

Retrospect t 

Retrospect t 

Patien t t 

Child d 
N=100 0 

Adult t 
N=80 0 

Adutt t 
N-128 8 

Adult t 
N=54 4 

Adult t 
N=97 7 

Adult t 
N-107 7 

malignanc y y 

All l 
Malignancies s 

ANLL L 

Hematologic c 
Malignancies s 

Hematologic c 
Malignancies s 

Allogenicc BMT 

Allogenicc BMT 

Duratio n n 
FN N 

Sign.longer r 
duration n 

= = 

= = 

--

= = 

--

Freq. . 
Infection s s 

= = 

= = 

= = 

= = 

= = 

= = 

Severit y y 
infection s s 

= = 

= = 

= = 

Sign,, more 
severee inf. 

Sign,, more 
severee inf. 

= = 

Patient ss and method s 
Stud yy desig n 

Fromm February 2003 until November 2003 we included pediatric oncology patients admitted to 

thee pediatric oncology unit of the Emma Children's Hospital in Amsterdam, Patients between 

onee and 18 years of age, who were expected to become neutropenic on base of the 

chemotherapyy given, were considered for inclusion. 

Patientss admitted for an autologous bone-marrow transplant were excluded. 

Thee study protocol was approved by the local ethics committee. Informed consent from parents 

andd children (>12 years) was obtained. 

Procedure s s 
Att the start of chemotherapy a blóód-sample was taken for /WfijL-genotyping and the serum 

levell of MBL was determined. 

Thee patient was followed during episodes of febrile neutropenia. Both clinical parameters and 

laboratoryy investigations were done on day 1, 3 and 5, and MBL-serum levels were determined 

onn these days. The clinical outcome-parameters included were duration of fever, duration of 

neutropenia,, signs of septicemia, intensive-care admission, and mortality due to infection. The 

routinee laboratory investigations consisted of a full blood count, CRP, liver enzymes and (blood)-

cultures.. Other investigations such as chest X-ray were included when clinically indicated. 

Febrilee neutropenia was defined as a single temperature of greater than , and neutropenia 

wass defined as an absolute neutrophil count < 500 cells /mm3. Bacteremia was defined as the 

presencee of clinical signs and symptoms of infection together with the isolation of bacterial 

pathogenss from the blood. 
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Clinica ll  parameter s 
Vitall parameters (respiration rate, heart rate, blood pressure) and clinical signs were recorded 

onn a case record form. Clinical signs scored included symptoms of illness {signs of sepsis, signs 

off airway problems, signs of abdominal complaints) and the fever pattern. All clinical signs 

weree scored using the common toxicity criteria(CTC). The investigators who scored the clinical 

signss were blinded to the MBL genotype and serum level of the patient-

Laboratoryy investigations 

Fulll blood count, CRP, liver enzymes, creatinine, and blood cultures were all performed, according 

too standard laboratory procedures. 

MBLL genotypin g 
Godonn 52Cys, MAsp and 57Glu on exon 1 were genotyped using the polymerase chain reaction 

andd sequence-specific primers as previously described K18. In this technique alleles with each of 

thee coding polymorphisms are directly amplified using forward and reverse allele-specific primers. 

Genotypingg was performed independently of clinical data collection. 

MBLL seru m leve l 

Serumm MBL concentrations were determined in a solid phase EL1SA with mannan coated to the 

solidd phase and a monoclonal antibody (biotinylated mouse-anti-MBL IgG 5E12, 10 ug/mL). 

Briefly,, microtiter plates were coated with 100uL(10 ug/mL) mannan in 0.1 M NaHC03, pH 9.6 

overnightt at room temperature. The microtiter plates were washed 5 times with H20. Serum 

sampless and MBL standards {standard serum, 1.5 ug/mL MBL) were diluted in TTG/Ca (20 mM 

Trtss pHH 7.4/150 mM NaCl/0.02%TWEEI\N2Q/0.2%gelatin/10mM CaCl2), with 10 U/mL heparin 

forr testing serum, and incubated shaking at room temperature for 1 hour. After washing, the 

platess were incubated for 1 hour with biotinylated MAb5E12 in TTG/Ca and washed 5 times 

withh H20 and were then incubated at room temperature for 30 minutes with streptavidin pHRP 

1:100000 in TBS/Ca/2% (20mM Tris pH 7.4/150 mM NaCl /10 mM CaCl2/2% milk). After 

washing,, color was developed using tetramethyl-3.3,5.5-benzidin (TBM)/H202in 0.1 M NaAc 

pHH 5.5 and stopped with 2M H2SOd A BioAssay Reader, HTS 7000 plus (Perkin Elmer) measured 

spectrophotornetricc absorbances at 405 nm. The cut-off point for MBL deficiency was a plasma 

concentrationn of 800 ug/L (i.e above the lower limit of the 95% CI from 200 control individuals 

withoutt exon-1 mutations). 

Statistic s s 
Patientss were classified according to the genotype of MBL and divided in a MBL-sufficient 

(>8000 ug/L) and a MBL-insufficient group (<800 ug/L) The number of days of fever, duration of 

neutropeniaa and outcome of the febrile neutropenic episode in patients with structural gene 

mutationss were compared with patients without structural gene mutations by means of the 
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Mann-Whitneyy U test, or the chi-square test where appropriate. If the number was less than 

fivee in one of the cells we performed a Fisher's exact test. 

Changess in concentrations of MBL in serum during febrile neutropenic episodes were analysed 

byy the paired t-test. 

Too evaluate the prognostic value of the MBL serum level we used both the cut-off mentioned in 

thee literature (above 800 |ig/L) and also an optimal cut-off point selected from our own data, 

obtainedd with a receiver-operator characteristic curve (ROC). We used SPSS 11.0 computer software. 

Tablee 2: Patient characteristics 

Agee median 
years s 
(IQfV) ) 

Sex x 
male e 
female e 

Malignancy y 
hematological l 
solid d 

Relapse e 
patients s 

Genee mutation 
AA A 
AQ Q 
0 0 0 
missing g 

MBLL level Day 0* 
<800jig/t t 
>8000 ng/L 

MBLL level Day 0* 
<10000 ng/L 
>10000 ng/L 

Tota ll  Grou p N«40 

8.77 years 
(1.8-16.7) ) 

27 7 
13 3 

17 7 
23 3 

9 9 

21 1 
10 0 
3 3 
6 6 

13 3 
26 6 

15 5 
24 4 

(67,5%) ) 
(32.5%) ) 

(42.5%) ) 
(57.5%) ) 

(22.5%) ) 

(52.5%) ) 
(25.0%) ) 
(7.5%) ) 
(15.0%) ) 

(32.5%) ) 
(65.0%) ) 

(37.5%) ) 
(60.0%) ) 

Nott  febril e grou p 
N=16(Group1 ) ) 

9.77 years 
(1.8-16.7) ) 

13 3 
3 3 

6 6 
10 0 

3 3 

8 8 
3 3 
2 2 
3 3 

6 6 
9 9 

6 6 
9 9 

(81,3%) ) 
(18.8%) ) 

(37.5%) ) 
(62.5%) ) 

(18.7%) ) 

(50.0%) ) 
(18.8%) ) 
(12.5%) ) 
(12.5%) ) 

(40.0%) ) 
(60.0%) ) 

(37.5%) ) 
(56.4%) ) 

Febril ee neutropeni a 
N=244 (Grou p 2) 

8.11 years 
(1.9-16.6) ) 

14 4 
10 0 

11 1 
13 3 

6 6 

13 3 
7 7 
1 1 
3 3 

7 7 
17 7 

g g 
15 5 

(58.3%) ) 
(41.7%) ) 

(45.8%) ) 
(54.2%) ) 

(25.0%) ) 

(54.2%) ) 
(29.0%) ) 
(( 4.1%) 
(12.5%) ) 

(29.2%) ) 
(70.8%) ) 

(37.5%) ) 
(62.5%) ) 

p-valu ee betwee n 
Grou pp 1 and 2 

0.22 2 

0.12 2 

0.42 2 

0.45 5 

0.66 6 

0.36 6 

0.57 7 

** 1 MBL serum level day 0 missing, ' IQRHnterquartile range 

Result s s 
Patien tt  characteristic s of the tota l group : 

Inn total, 40 patients were entered in the study. The median age was 8.6 years (IQR 4.3-13.5 

years).. There were 27 males (67.5%) and 13 females (32.5%). Hematological malignancies 

weree seen in 17 patients (42.5%) (16 patients ALL, 1 patient ANLL) and 23 patients (57.5%) 

hadd solid malignancies, of which rhabdomyosarcoma, neuroblastoma and Ewing sarcoma were 

thee most frequent. A total of 9 patients were relapsed patients (table 2). 
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MB LL gen e an d seru m level : 

Off these 40 patients, 34 gene sequences were performed. Twenty one patients (52.5%) were 

foundd to have a normal MBL gene, and 13 patients (32.5%) showed exon 1 mutations (Table 

2).. In 39 patients the MBL-level was done together with the geno typing at a time the patient 

wass not febrile or neutropenic. In 13 patients (32.5%) levels <800 ug/L were found and 26 

patientss (65%) had levels >800 ug/L. With the use of a ROC curve on our own data the cut-off 

pointt was 1000 u.g/L There were 15 patients (37.5%) with a level <1000 ug/L, and 24 patients 

(60%)) with a level >1000 ug/L. The median level of MBL in patients with no gene mutation was 

30100 ug/L (IQR 1900- 4385 ug/L). In patients with an MBL gene mutation in exon 1 the 

mediann level of MBL js 340 ug/L (IQR 90- 715 u.g/L). As expected, the difference of the MBL 

serumm level between the patients with wild type MBL and the group with exon-1 mutations was 

significantlyy different (Mann-Whitney U test p=0.001)(Fig. 1). 

n n 

> > 

£ £ 
=3 3 

A A A A 

A A 

U U U 
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' A A A A A 

exonn 1 mutation wild type MBL 

Figur ee 1: Scatter plot representing MBL-serum level in wild-type MBL group and exon-1 mutation group 
(n=40).. All values are plotted, mean is illustrated, p=0.001. 

Noo febri l e neutropeni c episode : 

Duringg this study-period there were 16 patients (40%) who became neutropenic during the 

study-periodd but did not need to be admitted with a febrile neutropenic episode. In this group, 

theree were 13 males (81.3%) and 3 females (18.8%). Six patients (37.5%) had hematological 

malignanciess (ALL), 10 patients (62.5%) had solid malignancies. Eight patients (50.0%) had a 

wild-typee MBL, 5 patients had exon 1 mutations (31.2%), 3 gene mutations were missing. Six 

patientss (40%) had MBL levels <800 ug/L, and 9 patients (60%) had levels >800 ug/L. Using 

ourr own cut-off level the number of patients in each group did-not change. 

Theree were no significant differences between this group and the group who did experience a 

febrilee neutropenic episode (see Table 2). 
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Febril ee neutropeni c episode : 
PatientPatient  characteristics: 

Off the 40 patients, 24 were followed prospectively upon admission of the episode of febrile 

neutropeniaa (60%). The median age of this group of patients was 5.7 years (IQR 3.9-12.7 

years).. There were 14 males (583%) and 10 females (41.7%). Hematological malignancies 

weree seen in 10 patients (45.8%) (9 patients had ALL, 1 patient ANLL) and 13 patients (54.2%) 

hadd solid malignancies (Table 2). Of the patients treated for a febrile neutropenic episode there 

weree 6 relapse patients. 

MBLL gene and seru m level : 

Off the 24 patients 21 were genotyped. Of these patients 13 had a normal MBL gene (54.2%) 

andd 8 patients had exon-1 mutations (33.3%) (Table 2). 

Sevenn patients (29.2%) had MBL levels <800 ug/L, and 17 patients (70.8%) had MBL levels 

>8000 ug/L, measured before the febrile neutropenic episode. Using the cut-off measured with 

thee ROC, 9 patients (37.5%) had MBL-levels <1000 ug/L and 15 patients (62.5%) had MBL-

levelss >1000 ug/L. Of this group of patients MBL levels were measured prospectively on day 1, 

33 and 5 of the febrile neutropenic episode during hospitalization. The MBL levels of MBL-

deficientt children did not rise during this time period. On day 1 the median MBL level was 370 

ug/LL (IQR 145-850 ug/L), 485 ug/L (IQR 100-1470 ug/L) on day 3, and 635 ug/L (IQR 120-

2317u.g/L)) on day 5, respectively (t-test for paired samples N.S,). In the MBL-sufficient children 

theree was a slight yet nonsignificant rise in MBL-levels measured between day 1, 3 and 5. On 

dayy 1 the median MBL level was 2300 ug/L (IQR 1750-3910 ug/L), 3060 ug/L (IQR 2000-5700 

ug/L)) on day 3 and 2500 u.g/L (IQR 2170-4150 ug/L) on day 5, respectively (N.S.)(Figure 2). 

Severit yy  of th e febril e neutropeni c episode : 

Off the 24 patients 16 patients (66.6%) had a neutrophil count <100 cells/mm3 (defined as 

severee neutropenia) on the first day of the febrile neutropenic episode. The median WBC on 

dayy 1 was 0.6 x 109/L (IQR 0.2-1.1 x109/L). All patients were started on selective gut 

decontaminationn before the onset of neutropenia. At the onset of fever during neutropenia all 

patientss were admitted and started on broad spectrum intravenous antibiotics (either vancomycin 

orr a second generation cephalosporin combined with gèntamicin). Concerning the outcome of 

thee neutropenic episode, 5 patients (20.8%) had a positive blood culture (4 Gram-positive 

organismss and 1 Gram-negative organism), 4 patients (16.6%) were admitted to the intensive 

caree unit, 2 patients (8.3%) died (one patient died because of infectious complications, the 

otherr patient developed a severe cardiomyopathy during the induction phase of ANLL treatment). 

Wild-typ ee MBL patient s compare d wit h patient s wit h exon- 1 mutation : 

Thee number of patients with a neutrophil count <100 cells/mm3 was not significantly different 
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Figur ee 2: Box plot representing the longitudinal data over the febrile episode comparing the MBL-deficient 
groupp (I) with the MBL-sufficient group (II). No rise in MBL is seen in the MBL-deficient group and a slight rise 
iss seen in the MBL sufficient group between day 1 and day 3 (N.S.). 

betweenn the 2 groups, however, the duration of neutropenia showed a trend towards significance 

(p=0.07).. Even in this small cohort of patients (n=24) there are more patients who experience 

aa longer duration of neutropenia in the exon-1 mutation group (Table 3). 

Clinicall characteristics (respiratory rate, lung problems, gastrointestinal problems) at the onset of 

thee febrile neutropenic episode were not significantly different between the 2 groups (not shown). 

Thee fever pattern (peaking, continuous or rapidly normalising) and the duration of fever (quick 

recoveryy (1-3 days), moderate (3-7 days), severe (>7 days)) were not significantly different 

betweenn both groups (Table 3). 

Alsoo the number of positive blood cultures, ICU admissions and death of the patient were not 

significantlyy different between both groups (Table 3). 

Iff all analyses were done comparing the MBL-deficient group (MBL<1000 ug/L) to the patients 

withh an MBL level >1000 ug/L, no significant differences were found. There was however a 

trendd that more positive blood cultures were found in the MBL-insufficient group (37.5%) 

comparedd to 13.3% in the MBL-sufficient group (chi square, N.S. p=0.29). The same trend was 

observedd comparing the duration of fever in the 2 groups. In the MBL-insufficient group 50% 

off patients had a duration of fever >3 days, in the MBL-sufficient group this concerned 26.6% 

(chii square, N.S. p=0.25). 

Laborator yy parameter s in patient s relate d to th e MBL genotype : 

Thee Hb level, platelets, leucocytes, and liver enzymes were not significantly different between 

thee MBL-deficient and the MBL-sufficient group (not shown). 

However,, the CRP values on day 1 of the FNE between both groups was significantly different 

(t-testt p=0.015). It was shown that patients with an exon-1 mutation had a significantly lower 
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Tablee 3: Comparison 
episodee group (n=24) 

Timee from diagnosis 
too febrile neutr.episode 

Relapsee patients* 

Neutroo <100 cells/jiL 
>> 100 cells/^L 

Durationn neutropenia 
1-55 days 
5-7'days s 
>77 days 

Feverr pattern 
Peaking g 
Continuous s 
Rapidlyy normal 

Durationn of fever 
1-33 days 
3-77 days 
>77 days 

Blood-culture e 
Gram-positive e 
Gram-negative e 
Noo growth 

CRP P 
>1500 mg/L 
<1500 mg/L 

ICUU admission 
Yes s 
No o 

Death h 

off the MBL wild type group and exon-' 

MBLL wil d typ e 
N«13 3 

Mediann 6.6 months 
Rangee 0-23 

22 (154%) 

99 (69.3%) 
44 (30.7%) 

77 (53.8%) 
66 (46.2%) 

44 (30.7%) 
22 (15,3%) 
77 (54.0%) 

99 (69.2%) 
22 (15.4%) 
22 (15.4%) 

22 (15.4%) 
0 0 

111 (84.6%) 

44 (30:8%) 
99 (69.2%) 

44 (30.8%) 
99 (69.2%) 

22 (15.4%) 

mutationn group in the febrile neutropenic 

MBLL mutatio n 
N*7 7 

Mediann 12 months 
Rangee 2-19 

33 (42.8%) 

55 (71.4%) 
22 (28,5%) 

33 (42.8%) 
44 (57.2%) 

11 (14.2%) 
11 (14.2%) 
5(71.6%) ) 

5(71.4%) ) 
22 (28.6%) 
0 0 

22 (28:5%) 
00 0.69 
5(71.5%) ) 

0 0 
77 (100%) 

0 0 
77 (100%) 

00 0.39 

p-vatu e e 

0.21 1 

0.17 7 

0.98 8 

0,07 7 

0.57 7 

0.55 5 

0.24 4 

0.13 3 

** 1 relapse patient genotype missing 

CRPP (median 50 mg/L IQR 12̂ 86 mg/L) than patients with the wild type MBL genotype (median 

933 mg/L IQR 60-210 mg/L Figure 3), This difference did not remain during the total febrile 

neutropenicc episode. 

Discussio n n 
Inn this small prospective cohort study in pediatric oncology patients, the incidence of mutations of 

thee MBL exon 1 gene was found to be 32.5% and the incidence of MBL-deficiency (<800 ug/L) 

wass 32.5%. These findings are in agreement with earlier findings of prospective studies in 

cancerr patients 1h1a. Although the patients with an exon 1 mutation had low serum levels of 
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Figur ee 3: Scatter plot representing the differences in CRP level comparing patients with MBL <1000 ig/L (I) 
withh patients who have an MBL levels >1000 ig/L (II). The mean is represented. The differences in levels 
betweenn both groups are significant (p=0.015). 

MBL,, during febrile neutropenic episodes these patients did not have a more severe infections 

ass was found before '2-M'6. There was a trend however to a prolonged duration of neutropenia 

ass was found in the study of Neth etal". All our other findings on severity of infection were in 

keepingg with Bergmann ef al and Kilpatrick ef a/ '2;'3 who found that there was no strong 

relationshipp between MBL and chemotherapy-related infections. Bergmann etal '2 who studied 

800 adult ANLL patients, hypothesized that these patients have such a severe and prolonged 

neutropeniaa that the effector function of MBL is severely compromised. The main effector 

functionss of MBL enhance phagocytosis through complement receptors expressed on 

macrophages,, monocytes and neutrophils and through complement activation this in turn will 

influencee the intracellular fate and the inflammatory response6. Because of the existing severe 

neutropenia,, the possible lack of MBL may be completely overshadowed. This same result was 

shownn in patients with a primary phagocytic disorder, such as chronic granulomatous disease. 

Thesee patients also did not show a significant relation between MBL deficiency and severity of 

infectionss '9. The above could well be the explanation for this hemato-oncological cohort of 

childrenn used. Most of the included patients were not "newly diagnosed" patients but had 

beenn on chemotherapy at least several months (median 8 months, range 0-59 months). The 

earlyy induction phase is the worst period in which MBL-deficiency may be more relevant. Six 

patientss in the febrile neutropenic episode group were relapsed patients who were now 

experiencingg chemotherapy for the second time. Of all patients, 70% presented with a severe 

neutropeniaa (<100 cells/mm3). However, we are aware that we are dealing with a small cohort 

off patients in this study, in which the exon-1 mutations are known but the polymorphisms of 

thee promoter region are not performed as yet. The results of the promoter polymorphisms 

mightt change the results, but we do not expect major changes in outcome because of the 
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strongee linkage disequilibrium between the promoter region polymorphisms and exon-1 variants 

off the MBL2 gene6/. If we analyzed the results according to a cut-off level found in this cohort 

off patients {ROC curve level 1000 ug/L) there is a non-significant trend towards more positive 

blood-culturess in the deficient group (37.5%) compared to the sufficient group (13.3%), and 

longerr duration of fever >3 days in the deficient group (50%) compared to the sufficient group 

(26.6%).. Extending the cohort of patients might clarify the meaning of above results. Power 

analysiss would predict significance if 150 patients were included in the total cohort. 

Inn our cohort of patients the MBL-deficient patients did not show a rise in their MBL serum 

levelss during the febrile episode. The MBL-suffident patients did show a a slight but not significant 

increasee in MBL serum level during the febrile episode. As MBL is known as a protein of the 

acutee phase response one expected to see a rise in MBL levels over time. Consistent with this 

findingg is the fact that the CRP values of the MBL-deficient patients were relatively low (<150 

mg/L)) at the start.of the febrile episode. This cut-off point was chosen because in earlier studies 

thiss was shown to be a good predictor of bacteremia's in patients with cancer20. In the MBL-

deficientt group no ICU admissions were observed and no deaths. This is probably the explanation 

whyy no high CRP values was found. 

Off course it is known that both MBL and CRP act as acute phase proteins, and bind to specific 

ligandss found on the surface of certain bacteria, and both may separately activate the complement 

system.. MBL activates the complement cascade via the lectin pathway, and CRP activates 

complementt via the classical route, and at the same time inhibits the activation of the alternative 

pathway.. The complement activating functions of CRP and MBL may be coordinated in the 

acute-phasee response 21. This could be one of the explanations to find low CRP values in the 

MBL-insufficientt group, even though septicemia occurred relatively more often. 

Thesee preliminary data in a relatively small cohort of hemato-oncological children does not 

showw significant impact of MBL genotype or serum levels on the chosen end-points. Yet, the 

dataa can not exclude that MBL suppletion, starting prior to the occurrence of bone-marrow 

depressionn may work by mechanisms and principles different from the end-points studied. 

Possiblee ways might still be, prevention or shorter duration of fever in the MBL-deficient patients, 

shorterr duration of neutropenia, limitation of the toxic effects of chemotherapy ön neutrophil 

developmentt resulting in an earlier recovery, and reduction of toxic effects on gastrointestinal 

leakagee and permeability, thus enhancing barrier function of mucosa. 

Inn sum, these effects may promote the well-being or recovery of the patient at a level different 

fromm infectious disease. Of course the success of MBL may be overshadowed by the increased 

intensityy of the chemotherapy regimens during the last 5 years. A prospective trial on MBL 

substitutionn will necessitate strict inclusion criteria to determine the benefit of MBL substitution 

inn this group of patients. 

56 6 



Mannan-Bindingg Lectin (MBL) serum levels in pediatric oncology patients 

Referenc ee List 
1.. Viscoli C. The evolution of the empirical man-

agementt of fever and neutropenia in cancer 
patients.. (Review] [84 refs], 
J.Antimicrob.Chemother.. 1998; 41 Suppl 
D:65-80. . 

2.. Viscoli C, Castagnoia E. Planned progressive 
antimicrobiall therapy in neutropenic patients. 
Br.J.Haematol.. 1998; 102:879-88. 

3.. Pizzo PA, Rubin M, Freifeld A et al. The child 
withh cancer and infection. I. Empiric therapy 
forr fever and neutropenia, and preventive 
strategies.. J.Pediatr. 1991; 119:679-94. 

4.. Turner MW. Mannose-binding lectin: the 
pluripotentt molecule of the innate immune 
system.. Immunol.Today 1996; 17:532-40. 

5.. Taylor ME, Brickell PM, Craig RK.et al. Struc-
turee arid evolutionary origin of the gene en-
codingg a human serum mannose-binding pro-
tein.. Biochem.J. 1989; 262:763-71. 

6.. Jack DL, Klein NJ, Turner MW. Mannose-bind-
ingg lectin: targeting the microbial world for 
complementt attack and opsonophagocytosis. 
Immunol.Rev.. 2001; 180:86-99. 

7.. Kilpatrick DC. Mannan-binding lectin and its 
rolee in innate immunity. Transfus.Med. 2002; 
12:335>52. . 

8.. Kilpatrick DC. Mannan-binding lectin: clinical 
significancee and applications. 
Biochim.Biophys.Actaa 2002; 1572:401-13. 

9.. Petersen SV, Thiel S, Jensenius J.C. The 
mannan-bindingg lectin pathway of comple-
mentt activation: biology and disease associa-
tion.. Mol.lmmunol. 2001; 38:133-49. 

10.. Super M, Thiel S, Lu J et al. Association of 
loww levels of mannan-binding protein with a 
commonn defect of opsonisation. Lancet 
1989;2:1236-39. . 

11.. Neth O, Hann I, Turner MW et al. Deficiency 
off mannose-binding lectin and burden of in-
fectionn in children with malignancy: a pro-
spectivee study. Lancet 2001; 358:614-18. 

12.. Bergmann OJ, Christiansen M, Laursen I et 
al.. Low levels of mannose-binding lectin do 
nott affect occurrence of severe infections or 
durationn of fever in acute myeloid leukaemia 
duringg remission induction therapy, 
Eur.J.Haematol.. 2003; 70:91-97. 

13.. Kilpatrick DC, McLintock LA, Allan EK et ai. 
Noo strong relationship between mannan 
bindingg lectin or plasma ficolins and chemo-
therapy-relatedd infections. Clin.Exp.lmmunol. 
2003;; 134:279-84. 

14.. Mullighan CG, Heatley S, Doherty K et al. 
Mannose-bindingg lectin gene polymorphisms 
aree associated with major infection following 
allogeneicc hemopoietic stem cell transplanta-
tion.. Blood 2002; 99:3524-29. ' 

15.. Roeha V, Franco RF, Porcher R et al. Host 
defensee and inflammatory gene 
polymorphismss are associated with outcomes 
afterr HLA-identical sibling bone marrow 
transplantation.. Blood 2002; 100:3908-18. 

16.. Peterslund NA, Koch C, Jensenius J.C-et al. 
Associationn between deficiency of mannose-
bindingg lectin and severe infections after 
chemotherapy,, Lancet 2001; 358:637-38. 

17.. Valdimarsson H, Stefansson M, Vikingsdottir 
TT et al. Reconstitution of opsonizing activity 
byy infusion of mannan-binding lectin (MBL) 
too MBL-deficient humans. Scand.J.Immunol. 
1998;48:116-23. . 

18.. Biezeveld MH, Kuipers IM, Geissler J et ai. As-
sociationn of mannose-binding lectin genotype 
withh cardiovascular abnormalities in 
Kawasakii disease. Lancet 2003; 361:1268-
70, , 

19.. Foster CB, Lehmbecher T, Mol F et al. Kost 
defensee molecule polymorphisms influence 
thee risk for immune-mediated complications 
inn chronic granulomatous disease. 
J.CIin.lnvestt 1998; 102:2146-55. 

20.. Engel A, Mack E, Kem P ét al. An analysis of 
interleukin-8,, interleukin-6 and C-reactive pro-
teinn serum concentrations to predict fever, 
gram-negativee bacteremia and complicated 
infectionn in neutropenic cancer patients. In-
fectionn 1998;26:213-21. 

21 .. SuankratayC, Mold C, Zhang Ye t al. Com-
plementt regulation in innate immunity and 
thee acute-phase response: inhibition of 
mannan-bindingg lectin-initiated complement 
cytolysiss by C-reactive protein (CRP). 
Clin.Exp.lmmunol.. 1998; 113:353-59. 





Thuiaa Thula Thula mntwana 

"hush"hush hash hush mychÜcC 

Chapte r r 

ff  : 

Psee yirari«r^^ 
enterocolitiss in pediatrtfe 

neutrgperite e 
logyy pa€ef l l i 

t r ï ï 
ite ite 

M.D.. van de Wetering1^ T.W. Kuijpers1, J.AJ.M. Taminiau1, 
F.J.W.. ten Kate2, and H.N. Caron'. 

11 Department of Pediatrics, Emma Children's Hospital,2 Deparment of pathology, 
Academiee Medical Center Amsterdam, the Netherlands. 

Supportivee care in cancer, vol 11 (9), 2003: 581-587 



Chapterr 4 

Abstract : : 
Neutropenicc enterocolitis in oncological patients represents a wide spectrum of clinicopathological 

picturess each with its own entity. Early diagnosis of enterocolitis can lead to improved supportive 

caree and therefore better outcome. We present 2 cases, 

casee A - a child with pseudomembranous colitis caused by Clostridium Difficile and case B - a 

childd with neutropenic enterocolitis, where ho organism was found. By gaining insight in the 

pathology,, immunology and culture results we demonstrate that early diagnosis leads to an 

improvedd management and therefore improved outcome. 
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Introductio n n 
Thee nomenclature of enterocolitis in oncology patients remains difficult and encompasses the 

pseudomembranouss colitis most often caused by Clostridium difficile infection and the 

neutropenicc enterocolitis (also called ileo-cecal syndrome, agranulocytic colitis or typhlitis) most 

oftenn caused by other causes. Clinical signs and symptoms vary widely from mitd infection to 

severee transmural colitis with a high mortality-rate [12]. 

Wee report 2 cases demonstrating neutropenic enterocolitis in the pediatric oncology patient. 

Understandingg of these enterocolitis entities in an earlier stage of the disease, concerning the 

pathological,, inflammatory and culture results will enable us to support these patients more 

adequatelyy and therefore decrease the morbidity and mortality due to this complication. 

Casee A 
AA 17 year old boy presented with an Ewing sarcoma of the 7th left rib. Treatment was started 

onn the high-risk Ewing protocol (EICESS 92 -European Intergroup Cooperative Ewing's Sarcoma 

Study).. Chemotherapy was given consisting öf etoposide, vincristin, adriamycin, and ifosfamide. 

Afterr the first course of chemotherapy, he became neutropenic with a WBC of 0.2 x 10 9/L. He 

developedd fever (>39 * C) and was admitted. Treatment with i.v. vancomycin and gentamycin 

wass started. Twenty-four hours after starting these antibiotics, he developed profuse diarrhea 

andd complained of severe abdominal pain with cramps. 

AA rectoscopy was performed which showed mucosa covered with membranes, {see Figure 1). 

Microscopicallyy the histooathological changes fitted the diagnosis of pseudomembranous colitis. 

Stooll cultures were positive for C difficile and C. difficile toxin (B). No viruses, parasites or other 

bacteriaa were isolated. His blood-cultures were negative. Serum parameters for inflammation 

weree determined. Oh the first day, low values of elastase (47 ng/L), IL-6 (85 ng/L), and IL-8 

(1944 ng/L) were found. 

Hee was started on oral metronidazol 3 times daily, and adequate supportive care was given. On 

thee third day a second rectal biopsy was performed which still showed pseudo membra nes. 

Clinicallyy he improved. The abdominal pain was less, his diarrhea less profuse, and his WBC 

startedd to recover. After a total period of 8 days his intravenous antibiotics were stopped, the 

metronidazoii was continued for 14 days. 

Onn stopping the metronidazol a third rectal biopsy was performed and showed a complete 

recoveryy of the mucosa. The patient is now in complete remission and doing well, he does not 

havee any abdominal complaints. 
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Figur ee 1: Macroscopic aspect of rectum of patient 
AA demonstrating the pseudomembranes caused by 
ClostridiumClostridium difficile. 

Casee B 

AA 6 year old boy presented with an abdominal Burkitt lymphoma. He was started on the LMB 

966 protocol (Lymphoma protocol) consisting of cyclofosfamide, vincristin, prednisolon, 

doxorubicinn and methotrexate. Two weeks after the first course of chemotherapy he became 

severelyy neutropenic with a WBC of 0,1 x 10 Vi -

andd no neutrophils. The Hb was 9.5 gr/dl, and the platelet count was 36 x 10 5/L. He developed 

feverr and severe abdominal pain with a distended abdomen. He had bloody diarrhea and 

showedd signs of sepsis with a low blood-pressure. Intravenous antibiotic therapy consisting of 

vancomycinn and gentamycin was started. He was transferred to the intensive care unit for 

inotropicc support. A rectal biopsy was performed. Macroscopically this showed severe mucosal 

lesions,, and microscopically ulcerative changes with fibrinous exudate was shown with only a 

slightt inflammatory reaction, representing a neutropenic enterocolitis (see Figure 2). Stool 

culturess were negative for bacteria', parasites and viruses. C.difficile toxin tests were negative, 

bloodd cultures were also negative. On the day of the biopsy, the CRP was elevated to 280 mg/L, 

otherr markers for inflammation showed a low elastase (62 ng/L), a moderately raised IL-6 (139 

ng/L),, and a high IL-8 (2391 ng/L). He continued with intravenous antibiotics and metronidazol 

wass added orally even though no Clostridium species were cultured. His oral feeds were stopped 

andd he was started on parenteral nutrition. On day 5 a second rectal biopsy was performed 

andd still showed mucosa covered with exudate, confirmed on histopathology. On day 5 the 

markerss of inflammation showed a rise in elastase to 316 ng/l and a decrease in IL-6 (15 ng/ 

L)) and IL-8 (21 ng/L). The neutrophil count improved and he improved clinically, without surgical 

intervention.. He completed his chemotherapy courses without subsequent episodes of 

enterocolitis.. He is in complete remission and doing well. 
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Figur ee 2: Large bowel biopsy with 
ulcerativee changes and fibrine exsudate on 
thee surface and only slight inflammatory 
reaction.. Overview low powered HE 
stainingg with a detail of the fibrin exudate 
onn high powered HE staining. 

Pseudomembranouss colitis 
Epidemiolog y y 

C.. difficile has become one of the most important hospital pathogens of the 90's. Anand and 

Glattt [1] reviewed that antibiotics are not the only agents capable of inducing C. difficile 

associatedd diarrhea. They reported on 23 oncology cases. A variety of anti-neoplastic agents 

weree involved, most commonly methotrexate. Chemo-therapeutic agents alter the gut flora 

andd this is most likely the predisposing factor. 

Anyy compound that affects the gastro-intestinal flora, either qualitatively or quantitatively, may 

reducee the colonization resistance and therefore predispose the individuals to infection with C. 

difficile. difficile. 

Thee normal carriage rate in adults is 0-3%. In oncology units the carriage rate increases to 13-

28%% in hospitalized patients. Schuller et al [11 Jlooked at prevalence of C. difficile infection on 

aa pediatric oncology unit over a period of one year. The carriage rate was 13% as was found in 

thee literature. Of these children 68% had signs and symptoms attributable to C. difficile infection. 

Thee authors conclude that the organism is probably endogenous and is provided with a favorable 

environmentt by the combination of cancer chemotherapy and broad spectrum antibiotics [10]. 

Clinica ll  f inding s 

Clinicall findings in C difficile enterocolitis can range from absolutely asymptomatic to severe 

colitis.. In view of the discussion we will restrict us to the severe colitis syndromes. 

Symptomss are profuse debilitating diarrhea, abdominal pain and distension. Common systemic 

manifestationss include fever, nausea, anorexia, malaise and dehydration. In the most severe situation 

thiss form of colitis can present as an acute abdomen. The patients are extremely ill with lethargy, 

fever,, tachycardia and abdominal pain. The colonic muscular tone may be lost resulting in toxic 

dilatationn or megacolon, eventually leading to colonic perforation and peritonitis [8]. 

. . 

. . 
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Patholog y y 
AA grading system for pseudomembranous colitis was proposed by Price and Davies [9]: 

Thee Type-! lesion consists of focal necrosis of interglandular superficial intestinal epithelium 

withh overlying neutrophilic exudates. 

Thee Type-ll lesion results from fusion Of this neutrophilic exudate over the necrotic upper 

partss of the neighboring glands and in the late part of this phase neutrophilic exudates are 

nearlyy confluent over mucosa, (pseudomembranes). 

Thee Type-Ill lesion shows complete coagulative necrosis of the intestinal mucosa. 

Whenn the C difficile infection resolves the mucosa returns to normal. 

Pathogenesi s s 
Thee underlying pathogenesis involves a disruption of the normal bacterial flora of the colon, 

followedd by colonization with C difficile and the release of toxins causing mucosal damage and 

inflammationn [4, 8], 

Laborator yy diagnosi s 
Thee golden standard at presentation is the stool cytotoxin test It is a tissue culture assay based 

onn the induction of cell rounding by C difficile-toxm B in stool infiltrate. This assay has a high 

sensitivityy (940 00%) and high specificity (99%) [4]. A stoolculture for C. difficile is less efficient 

ass many strains are non-toxicogentc. Rapid enzyme immunoassay's have been developed 

detectingg both toxin A and B (sensitivity 69-87% and specificity 99-100%) [4]. 

Therap y y 
Specificc treatment aimed at eradicating C difficile is used if symptoms are severe or persistent. 

Orall metronidazole and oral vancomycin are used as the drugs of choice. Both are equally 

effective.. There is no difference in the rates of response, relapse or failure between these 

agents.. Patients who cannot take oral medication can be treated with intravenous metronidazol. 

Excretionn of the drug in the bile and exudation from the inflamed colon result in bactericidal 

levelss in the faeces. Intravenous vancomycin is nor indicated [4]. 

Neutropeni cc enterocoliti s (Typhlitis ) 
Epidemiolog y y 

Typhlitiss involves chemotherapy induced damage to the intestinal mucosa, primarily in the terminal 

ileum,, ascending colon and cecum, and occurs when these patients are neutropenic [12]. 

Inn 1933 this entity was first described by Cooke when she described submucosal hemorrhage 

andd appendiceal perforation in children with leukemia. Then from the 1960's onwards autopsy 

studiess reported an incidence of 12% to 46 % in leukemic children. 
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Clinica ll  finding s 
Mostt patients are neutropenic more than one week before the onset of abdominal pain. 

Abdominall pain is diffuse in most eases and in a few cases localized to the right lower quadrant. 

Thee classical triad of symptoms is high fever, abdominal pain and diarrhea [13]. 

Organism s s 
Thee organisms involved are mainly Gram-negative organisms, including Pseudomonas 

aeruginosa,aeruginosa, Klebsiella pneumoniae, enterobacter spp, enterococci, and Grarrvpositive organisms 

likee the C. difficile and the C. septicum. Fungal organisms can also be cause of severe neutropenic 

enterocolitis.. In many cases ho organism can be isolated [6]. 

Pathophysiolog y y 
Thiss remains largely unknown but is believed to be multi-factorial: 

Destructionn of the normal mucosal architecture due to chemotherapy and/or radiotherapy 

withh possible coexistent leukemic or lymphomatous infiltrates. 

Intramurall hemorrhage due to severe thrombocytopenia. 

AA shift in the normal gastrointestinal microbial flora due to antibiotics, antifungals and 

nosocomiall colonization by hospital flora [6]. 

Patholog y y 
Thee bowel appears thickened and edematous, with scattered ecchymoses on the serosal surface 

andd ulceration on the mucosal surface. Microscopically there is hemorrhage necrosis involving 

thee mucosa and submucosa with striking scarcity of acute inflammatory reaction, few or no 

granulocytes.. There may be an infiltration of bacteria or fungi. Sometimes an exudate resembling 

pseudo-membraness consisting of fibrin and cell debris may be found overlying the most severely 

ulceratedd mucosal surfaces. 

Inn later stages, the process may progress to involve the full thickness of the bowel wall and 

sometimess lead to perforation [14]. 

Laborator yy finding s 
Routinee laboratory tests are of little value in diagnosing typhlitis. Blood and stool cultures are 

importantt to identify the organisms involved in the process of enterocolitis 

Therap y y 
Thee main mode of therapy is supportive care. Nasogastric suctioning, broad-spectrum antibiotics, 

administrationn of appropriate blood products and adequate fluid replacement. 

44 criteria have been used for surgical intervention: 

65 5 



Chapterr 4 

Persistentt gastrointestinal bleeding and thrombocytopenia and clotting abnormalities. 

Evidencee of free intraperitoneal perforation. 

Clinicall deterioration requiring support with vasopressors or large volumes of fluid suggesting 

uncontrolledd sepsis. 

Developmentt of symptoms of an intra-abdominal process in the absence of neutropenia 

whichh would normally require surgery. 

Thee presence of localized peritoneal signs is not an adequate indication for exploration. With 

thesee criteria in mind most patients can be treated without surgery. The most important in 

thesee patients is the requirement of neutrophils. Growth factors are often indicated [12].. 

Differencess between pseudomembranous colitis and typhlitis are summarized in table I. 

Tabl ee 1: To compare typhlitis arid pseudomembranous colitis: 

Typhlitiss Pseudomembranous colitis 

Locationn Cecum, terminal ileum, proximal colon Colon, rectum 
Clinicall findings Abdominal pain, diarrhea Abdominal pain, diarrhea 

Oftenn instable vital sighs Mostly stable vital sighs 
Pathologyy Hemorrhage necrosis of mucosa Pseudomembranes covering the intestinal 

andd submucosa mucosa 
Organismss Gram-negative organisms, fungal organisms Clostridium difficile 
Outcomee High mortality rate Low mortality, high morbidity 
Therapyy Supportive care and antibiotics covering Supportive care and oral metronidazp! or 

thee organism found oral vancomycin 

Discussio n n 
Withh the increasing intensification of chemotherapy, toxicity during neutropenic episodes can 

bee expected. Therefore familiarity with the spectrum of diseases encomprising neutropenic 

enterocolitiss is needed to recognise the disease entities. Recognizing clinical signs, pathological 

changess and inflammatory changes might facilitate early detection, improve the supportive 

caree around this spectrum of diseases and ultimately decrease the morbidity and mortality . 

Thee 2 cases discussed both illustrated damage to the intestinal mucosa. In both cases rectoscopy 

wass done as part of a prospective study gaining insight in the pathological, infectious and 

immunologicall causes of this complication. It was performed by the pediatric gastroenterologist 

withh a flexible pediatric scope. Platelets were kept >50 x 109/L and no complications were 

seen.. Both cases were children with solid tumors. Neutropenic enterocolitis used to be an 

infrequentt finding in patients with solid tumors [6]. 

Noww with the intensification of chemotherapy this is no longer the case. It has been proposed 

thatt some chemotherapeutic agents cause direct epithelial necrosis in the gastrointestinal tract 

[5].. Following the damage to the mucosa secondary infections can occur due to enteric or 

opportunisticc organisms like pseudomonas or fungal species [3]. The first patient described 
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developedd a C difficile colitis, possibly due to a shift in the normal gastrointestinal microbial 

floraa due to antibiotics, antifungals and nosocomial colonization with hospital flora. [6]. The 

toxinss of C. difficile cause direct toxic damage of the actinoskeleton leading to cell rounding, 

andd eventually cell death [8]. 

Thee second patient described had ulcerative changes on rectal biopsy with a fibrinous exudate 

representingg neutropenic enterocolitis. No organism was cultured. Both cases were managed 

conservativelyy and it was dearly shown that when neutrophils appeared in the blood the clinical 

picturee improved [6]. 

Neutropenicc enterocolitis should be suspected in a neutropenic patient with abdorhinat pain, 

feverr and diarrhea. To define a definite enterocolitis rectoscopy was helpful in the 2 patients 

described.. However mostly the typhlitis occurs in the cecum or sigmoid area which will not be 

adequatelyy detected by rectoscopy. In this case the inflammatory parameters might be of use. 

lnterleukin-88 was extremely high in the second patient illustrating the severity of the clinical 

condition.. Interleukin 8 is an inflammatory chemokine which mainly functions as a neutrophil 

chemoattractantt and activating factor [2] IL-6 and IL-8 have been used in neutropenic patients as 

aa predictor of bacteremia in patients with fever during their neutropenic episode [2].ln patients 

withh severe neutropenic enterocolitis, IL-8 release depends on toxic or ischemic bowel injury. 

Thee source therefore of IL-8 lies in the endothelial cells and fibroblasts, and not in the myeloid 

cellss [7], The high level of IL-8 together with the severe ulcerative chanes on rectal biopsy in 

patientt B acted as predictor of severity of the enterocolitis. Human neutrophil elastase is low 

whenn no neutrophils are present in the peripheral blood. A rise was observed on day 5 of the 

enterocolitis,, soon after neutrophils were detected in the peripheral blood and the clinical 

picturee of the patient improved. It was shown that neutrophil elastase increased just before the 

neutrophilss recovered. Therefore elastase could act as predictor of clinical improvement 

(manuscriptt in preparation). 

Thee clinical picture combined with the rectoscopy and the inflammatory parameters improves 

ourr understanding of this severe condition and enables us to support the patient in a more 

appropriatee way, at an earlier stage of the disease. 
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Abstrac t t 
Enterocolitiss in oncology patients remains an important complication with poor insight in 

microbial,, pathological and inflammatory aspects. 

Pediatricc oncology patients admitted with neutropenic fever, who developed abdominal pain 

andd diarrhea, were monitored with rectal biopsies, cultures, and inflammatory markers. 

Twenty-fivee patients were included (mean age 7.1 years). Eight patients (32%) needed intensive 

caree treatment, 3 (12%) patients died. Gram-positive bacteraemia was diagnosed in 4 patients 

(16%).. Most patients had negative blood and stool cultures. Predictors of a severe clinical 

coursee of the enterocolitis were an increased serum IL-8 (>1000 pg/mL) and an increased 

serumm CRP (>150 mg/L), both measured on the first day of clinical illness. Relative risks for 

admissionn to ICU were 11.3 (95% CI 1.6 to 77.9) for elevated IL-8 and 6.4 (95% CI 0.92 to 

45.1)) for increased CRP, Rectal biopsies and pathology could not predict outcome (p=0.22). 

ILn88 analysis at the onset of enterocolitis symptoms can identify high-risk patients, which might 

bee used clinically to design future intervention trials. 

1.. Introductio n 
Neutropenicc enterocolitis represents a complex spectrum of inflammatory processes of the 

colonn seen in immunocompromised hosts after intensive chemotherapy for malignancies. It 

rangess from pseudo-membranous colitis caused by Clostridium difficile to typhlitis [1-3]. The 

clinicall picture ranges from mild infection to severe transmural colitis with a high mortality-rate 

(50-100%)) [4]. Neutropenic enterocolitis was initially defined as a clinical-pathological entity 

throughh retrospective review of autopsy findings in leukaemic patients first described by Cooke 

inn 1933 [5]. The main causative organisms are Gram-negative bacilli, mainly Pseudomonas 

aeruginosaaeruginosa and Escherichia coii, followed by Clostridium difficile, Clostridium septicum and 

fungall pathogens [6]. The pathogenesis of this disorder is thought to be due to a multifactorial 

disruptionn of the mucosal barrier, in which the bacterial flora, neutropenia and cytotoxic therapy 

playy a role. The invasive infection leads to ischaemia followed by necrosis of the various layers 

off the bowel wall. Although the process may have a pre-dilection for the terminal ileum and 

caecumm any segment of the bowel can be involved [7,8]. 

Prognosticc inflammatory markers in neutropenic enterocolitis have not been defined to date. 

Manyy studies have however evaluated prognostic inflammatory markers in patients with fever 

inn neutropenia irrespective of any symptoms of an impending enterocolitis [9-11 ]. Low serum 

IL-88 levels at the onset of fever can define a low-risk subgroup of neutropenic patients who can 

safelyy be treated with antibiotic monotherapy instead of combination therapy [12]. In similar 

terms,, Bont et al could define a low-risk group at the start of fever by the use of IL-8 and IL-6 as 

plasmaa parameters: the IL-8 and IL-6 plasma concentration were significantly increased in patients 
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withh chemotherapy-related neutropenia and fever due to bacteremia (mainly Gram-negative 

bacteremia)) compared to fever of non-bacterial origin [10,13]. 

Inn neutropenic enterocolitis both toxic and ischemic bowel injury may play an important role^ 

Thee response of the inflammatory cascade to pathogens attacking the gastro-intestinal mucosa 

involvess mainly the cytokines 1L-6, \LS, IL-10 and TNF-« [14]. The role of these cytokines may be 

importantt in the pathophysiology of the inflammatory responses in neutropenic enterocolitis in 

childrenn [11,15]. 

Thereforee a prospective single unit study was started to identify the incidence of enterocolitis in 

aa pediatric oncology unit to gain insight in the pathogenetic mechanisms, and to identify 

clinicall and inflammatory prognostic markers. 

2.. Method s 
2.11 Patien t selectio n 

Entryy criteria were neutropenic pediatric oncology patients who had abdominal pain, diarrhea 

andd fever for more than 24 hours. Neutropenia was defined as <500 cells/mm3 absolute 

neutrophils.. Diarrhea was defined as having at least grade 2 diarrhea {4-6 times in 24 hours 

correlatingg to the CTC toxicity criteria). Fever was defined as a temperature C All types 

off malignancies were included. 

Thee study was performed in a single pediatric oncology unit Approval from the medical ethics 

committeee was obtained. Informed consent was obtained from the parents and from the child 

iff >12 years of age. 

2.22 Patien t analyse s 
Onn the first day of the study: 1) history and clinical checklist 2) physical examination 3) stool 

culturess 4) rectal biopsy 5) blood investigations and 6) serum levels of inflammatory markers. 

Onn day 3 and day 7 above investigations were repeated. The rectal biopsy was repeated if 

findingss on day 1 were abnormal. The next course of chemotherapy started when all abnormal 

findingss had normalized. 

AdAd 1). History and clinical checklist. The food intake of the week before onset of symptoms was 

recordedd as well as medication before onset of symptoms. Clinical signs and symptoms of the 

illnesss (abdominal pain, nausea, diarrhea, blood loss and pattern of fever) were recorded. 

Definitionss used: Fever normalized within 48 hours was classified as "short duration", fever 

whichh continued >48 hours Was classified as "long duration" and if fever spiked above C 

everyy 24 hours, and the temperature normalized in between this was classified as "spiking". 

Abdominall pain was classified as "cramps", "stool related", or "continuous", and the frequency 

off vomiting was recorded. Stools were recorded as "bloody stools" or as "watery frequent". 

AdAd 2). Physical examination. State of consciousness, respiratory rate, hypotension, abdominal 
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distension,, bowel sounds, mucositis, any other clinically important abnormalities were reported. 

Mucositiss was recorded as present when there were oral lesions in thé mouth. The clinicians 

scoringg the history and physical examination were blinded for the inflammatory marker results 

andd the results of the biopsy findings. 

AdAd 3). Stool cultures. Stool cultures were performed for bacteria, viruses, parasites, and fungi, 

usingg routine microbiological procedures. Faeces was tested for Clostridial cytotoxin. Detection 

off C. difficile was performed as follows. Faeces was tested by enzyme immuno-assay (Premier™ 

Toxinss A&B, Meridian Bioscience, Ohio) to detect C.difficile toxins A and B. For culture faeces 

wass pretreated by mixing with ethanol 96% during one hour. Cdiffia'le-Wke colonies were 

identifiedd using standard microbiological procedures. 

AdAd 4). Rectal biopsy. Rectal mucosal biopsies were taken by an experienced pediatric 

gastroenterologist.. This was performed by a flexible adult sigmoidoscope which was introduced 

noo more than 15 cm, no anesthetics were needed; in smaller children conscious sedation was 

givenn 30 minutes before the procedure. The procedure was only done when the platelets were 

abovee 50 x 109/L. If the platelets were <50 x 1Q9/L then a platelet-transfusion was given 30 

minutess prior to the procedure. Insight was gained in the macroscopic and the microscopic 

aspectss of the rectal mucosa. Microscopically four categories were distinguished in order of 

increasingg severity: "no changes", "infiltrate only", "pseudomembranes" and "ulcerative changes 

withh fibrin exudate". The diagnosis of C difficile-related disease was made if 2 out of 3 of the 

followingg findings were included: pseudomembranes on biopsy, toxin-positivity in the stools 

and/orr a positive culture of 'C. difficile either in the blood or stools. 

AdAd 5). Blood investigations. Full blood count, CRP, liver-enzymes, creatinin, viral serology and 

blood-culturess were performed, according to standard laboratory pocedures. 

AdAd 6). Inflammatory markers. C-reactive protein (CRP) was measured in blood. This assay was 

performedd as described by Wolbink et al. [16] using anti-CRP mAb KH61 (2 mg/ml) as the 

coatingg mAb, and biotinylated anti-CRP mAb 5G4 to detect bound CRP. IL-6, IL-8, 1L-10 and 

TNFaa concentrations were analyzed using commercially available ELISA's with detection limits 

off 3.0 pg/mL, 15.0 pg/mL, 15 pg/mL, and 5.0 pg/mL, respectively (Central Laboratory of the 

Netherlandss Red Cross Blood Transfusion Service (CLB), Amsterdam, The Netherlands). 

3.. Statistic s 
Too compare the Intensive Care Unit (ICU) group versus the non-ICU group the Mann Whitney U 

testt was used on the continuous data and the chi-square test for categorical data; if the expected 

numberr of patients was below five in one of the cells we performed a Fisher exact test. 

Too examine the prognostic value of elevated inflammatory markers we used both cut-offs mentioned 

inn the literature (for IL-8 above 1000 pg/mL [10], CRP above 150 mg/L [11]) and optimal cut-offs 

fromm the data were calculated using the YoUden index (sensitivity + specificity -1) as criterion. To 

estimatee the predictive value of increased inflammatory parameters we calculated relative risks 
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wi thh 95% confidence intervals (CI). All reported 

p-valuess are two-sided. 

4.. Result s 
4.11 Patien t characteristic s 

Overr a 3-year period (November 1998 until 

Januaryy 2002); 452 new patients wi th 

oncologicall disorders were admitted to the 

unit.. Of these 25 patients fulfilled the entry 

criteriaa of the study and were included, 15 were 

malee and 10 were female. The diagnoses at 

presentationn showed 11 hematological 

disorderss (ALL/ANLL), 4 B-cell lymphoma's, 9. 

solidd tumors and 1 hemophagocytic syndrome. 

Thee mean age at diagnosis was 7.1 years 

(rangee 1.0-17.1 years). Enterocolitis presented 

inn most cases within the first 3 months after 

diagnosiss and the start of chemotherapy. 

Thee clinical symptoms are summarized in Table 

1.. The vast majority of patients had signs of 

mucositiss (92%), 40% of patients had less than 

488 hours of fever and 60% had fever >48 hours. 

Thee stool pattern was recorded as "watery and 

frequent"" in 60% of patients and in 28% of 

patientss "bloody diarrhoea" was recorded. The 

abdominall pain was classified as "cramps" in 

72%% of patients, and 24% of patients had 

continuouss pain. 

Off the 25 patients, 8 were admitted to the 

ICUU due to cardiovascular symptoms for which 

inotropicc support was indicated. Of these 

patientss five did not have a proven bacteremia. 

Threee died following the enterocolitis episode, 

evenn though these patients received adequate 

antibioticc coverage and extensive inotropic 

support.. The first patient with a hemo-

phagocyticc syndrome had pseudomembranous 

Tablee 1: Patient characteristics 

NN (%) 

Sex:: Male 15 (60%) 
Femalee 10 (40%) 

Diagnosis: : 
Haematological l 
Lymphoma a 
Solid d 
Haemophagocytiee syndrome 

GVC: : 
PAC C 
Broviac c 
NOCVC C 

Clinicall parameters: 
Fever: Fever: 

<488 hours 
Longg and spiking 
Longg and continuous 

Diarrhea: Diarrhea: 
Wateryy and frequent 
Bloody y 
Other r 

AhdominalAhdominal pain: 
Cramps s 
Stooll related 
Continuouss pain 

Mucositis: : 
Yes s 
No o 

Vomiting: Vomiting: 
<4x/244 hours 
>4x/244 hours 
noo vomiting 

Pathologyy results: 
Noo changes 
Infiltratee only 
Pseudomembranes s 
Ulcerativee changes 

Outcome: : 
ICUU admission 
Mortality y 

11 1 
4 4 
9 9 
1 1 

12 2 
10 0 
3 3 

10 0 
6 6 
9 9 

15 5 
7 7 
3 3 

18 8 
1 1 
6 6 

23 3 
2 2 

11 1 
2 2 

12 2 

12 2 
9 9 
3 3 
1 1 

8 8 
3 3 

(44%) ) 
(16%) ) 
(36%) ) 
(( 4%) 

(488 %) 
(400 %) 
(12%) ) 

(400 %) 
(244 %) 
(366 %) 

(600 %) 
(288 %) 
(12%) ) 

(722 %) 
(( 4%) 
(244 %) 

(922 %) 
(( 8%) 

(44%) ) 
(( 8%) 
(48%) ) 

(48%) ) 
(36%) ) 
(12%) ) 
(( 4%) 

(32%) ) 
(12%) ) 

CVC== central venous catheter, PAC = port-a-cath 
internall CVC device, 8roviac= external CVC device. 
Pathologyy results are ranked to severity. In the 
outcomee the Intensive Care Unit {=ICU) admission is 
described,, and mortality due to enterocolitis. 
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colitiss due to C. difficile, she underwent surgical resection of an ischemic part of the bowel but 

herr condition deteriorated and she died. The 2 other patients suffered from acute myeloid 

leukemia,, and had positive blood cultures at the time of colitis {Candida tropicati$ and 

StaphylococcusStaphylococcus aureus). They both deteriorated rapidly and died, despite appropriate antibiotic 

coveragee and inotropic support. In all patients cardiomyopathy was excluded by 

echocardiography. . 

4.22 Etiolog y 
Microbiologicall results are shown in Table 2. A variety of organisms were cultured but most 

stooll and blood cultures remained negative {76% and 68%, respectively). Four patients had a 

Gram-positivee bacteremia, none of these patients had a positive stool culture. One patient had 

ann adenovirus in the feces, the blood culture remained negative, 2 patients had protozoa in the 

feces,, one of these patients also had a Gram-negative bacteremia {Klebsiella spp). Only 2 patients 

hadd C difficile in the stool culture and 1 of these patients had a positive blood culture with C 

Tablee 2: Mteobiological results 

Organis m m N=2S S 

Stoo ll  culture ' 

Blood-culture * * 

Bacterial l 
-- Gram-pos 
-- Gram-neg 
Parasitic c 

Viral l 
Negative e 

Bacterial l 
-- Gram-pos 

-- Gram-neg 

Fungal l 
Negative e 

ClostridiumClostridium difficile 
KlebsiellaKlebsiella spp. 
CryptosporidiumCryptosporidium parvum 
AscarisAscaris lumbricoldes 
Adenovirus Adenovirus 
--

Strep,Strep, sanguis 
Staph,Staph, aureus 
Coagulase-neg.Coagulase-neg. Staphylococcus 
ClostridiumClostridium difficile 
KlebsiellaKlebsiella spp. 
EscherichiaEscherichia coli 
CandidaCandida tropicalis 

2 2 
1 1 
1 1 
1 1 
1 1 

19 9 

17 7 

** Stool and blood culture results obtained during the same study period. 

difficiledifficile (the same strain was found in the blood-culture as in the stool-culture). In 3 patients 

CdifficileCdifficile toxin stool tests were positive. 

Histologicall examination of the rectal biopsies resulted in "no changes" in 12 patients (48%), 

"infiltratee only" without pseudomembranes in 9 patients (36%), " pseud ome m bra nes" in 3 

patientss (12%) and 1 patient had "ulcerative changes" with fibrin exudates (4%). 

Overalll in 4 patients (16%) two out of three parameters for C. oV/f/d/e-positive colitis were 

foundd to be positive. 
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Too explain the low rate of C. difficile positive-colitis we analyzed the use of intravenous antibiotics 

priorr to study inclusion. 19 patients (76%) had received i.v. antibiotics prior to the rectal biopsy 

(meann of 5.5 days), these antibiotics were administered because of fever in neutropenia of 

whichh 13 patients (52%) had been pretreated with vancomycin (Fig.1). Whereas none of these 

patientss pretreated with vancomycin were C difficile-positive, 5 patients of this group showed 

abnormall rectal biopsies. The pathological changes, the negative stool-cultures and the relative 

smalll number of positive blood-cultures suggest a multifactorial etiology of neutropenic 

enterocolitis. . 

patients s 

19 9 
antibiotics s 

4 4 
abnormall biopsy 

11 Clostridium 
difficile-positivee colitis 

6 6 
otherr antibiotics 

4 4 
abnormall biopsy 

11 Clostridium 
difficile-positivee colitis 

13 3 
vancomycin n 

5 5 
abnormall biopsy 

noo Clostridium 
difficile-positivee colitis 

Fig.. 1: Intravenous use of antibiotics at the start of the study and biopsy results The chart shows the 
numberr of patients pretreated with antibiotics, the rectal biopsy and Clostridium test results. 

4.33 Prognosti c factor s 

Too identify possible factors predictive of the clinical course we used admittance to ICU with 

needd for inotropic support during the enterocolitis episode as our primary endpoint. 

4.3.11 Clinica l parameter s 

Patientss included in the ICU group were 3 patients with ANLL, 3 patients with Burkitt lymphoma, 

onee patient with high risk leukemia, and one patient with a hemophagocytic syndrome. In the 

non-ICUU group there were 3 patients with ANLL, 1 Burkitt lymphoma, 4 patients with leukemia 

andd 9 solid tumors. There was no difference in chemotherapy used between the two groups. 

Thee chemotherapy used in both groups included high dose cytosar, daunorubicin, etoposide, 
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Tablee 3; Clinical risk factors for admittance to ICU 

Numberr of patients (25) 
Clinicall findings 
-- Abdominal pain: 

Cramps s 
Stooketated d 
Continuous s 

-- Diarrhea*: 
Wateryy frequent 
Bloody y 
Other r 

-- Fever: 
Shortt and continuous 
Longg and spiking 
Longg and continuous 

-- Mucositis: 
Yes s 
No o 

Bloodd culture 
Gram-positive e 
Gram-hegative e 
Fungal l 
Anaerobe e 
CII toxin positive 

Rectall biopsy 
-- Infiltrate only 
-- Pseudornembranes 
-- Ulcerative changes 
-- No changes 

Laboratoryy findings 
mediann (IQR) 

-WBC C 
-- Platelet count 
-SGOT T 
-- creat 

inflammatoryy parameters 
mediann (IQR) 

-CRPP (day 1) 
(dayy 3) 
(dayy 7) 
-IL^8(dayy 1) 
(dayy 3) 
(dayy 7) 

8 8 

4 4 
1 1 
3 3 

4 4 
4 4 
Q Q 

0 0 
3 3 
5 5 

8 8 
0 0 

1 1 

1 1 
1 1 
2 2 

2 2 
2 2 
1 1 
3 3 

0.255 x 10 YL 
399 x 10 VL 

455 U/L 
266 mg/L 

2399 mg/L 
1600 mg/L 
855 mg/L 

28822 pg/nrtL 
3933 pg/mL 
2211 pg/mL 

CU U 

(32%} } 

(( 50%) 
(12.5%) ) 
(( 37.5%) 

(( 50%) 
(( 50%) 
(( 5%) 

(( 0%) 
(( 37.5%) 
(( 62.5%) 

(100%) ) 
(( 0%) 

(25%) ) 
(25%) ) 
(( 13%) 
(37%) ) 

(0.1-G.52) ) 
(22^8) ) 
(( 6-44) 
(16-35) ) 

(2399 -292) 
(( 82-212) 
(( 10-219) 
(1228-4536) ) 
(( 157-1708) 
(( 11.6-430) 

Non-ICU U 

17 7 

14 4 
0 0 
3 3 

12 2 
3 3 
2 2 

10 0 
3 3 
4 4 

15 5 
2 2 

4 4 
1 1 

1 1 

7 7 
1 1 
0 0 
9 9 

0.30x100 VL 
322 x 10 VL 

177 U/L 
244 mg/L 

1188 mg/L 
755 mg/L 
244 mg/L 

1466 pg/mL 
411 pg/mL 
311 pg.mL 

(68%) ) 

(82%) ) 
(( o%) 
(18%) ) 

(70%) ) 
(18%) ) 
(12%) ) 

(59%) ) 
(18%) ) 
(23%) ) 

(88%) ) 
(12%) ) 

(41%) ) 
(( 6%) 
(( 0%) 
(53%) ) 

(0.2-0.5) ) 
(14-83) ) 
(11-25) ) 
(18-37) ) 

(85*188) ) 
(27-146) ) 
(6.3-72) ) 
(66.7-213.5) ) 
(30.5-113) ) 
(15-33) ) 

P-value e 

p=0.15 5 

p=0.34 4 

p=0.15 5 

p=Q.34 4 

p=0.22 2 

p=0.39 9 
p=0.79 9 
p=0.59 9 
p=0,97 7 

prednisonee and methotrexate. Abdominal pain, stool pattern, amount of vomiting and mucositis 

betweenn the ICU and the non-ICU group were compared and no significant difference between 

thee two groups was found. The pattern of fever however did show a difference, if fever was 

groupedd in 2 categories, (fever <48 hours after onset of the enterocolitis, and fever>48 hours 

afterr onset colitis) In the ICU group 5 out of 8 patients (63%) had fever >48 hours compared to 

44 out of 17 patients (23%) in the non-ICU group, this was borderline significant (p=0.056). In 

thee original classification, in 3 categories no significant difference was found between the 2 

groupss (Table 3). 
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p=0.001 1 
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Figg 2: Scatter plot of CRP values on day 1 in ICU and Fig 3: IL-8 results comparing the ICU and the non-
non-ICUU patients. Horizontal line indicates the median ICU group. A scatter plot is presented. The horizontal 
valuee line indicates the median value. 

4.3.22 Microbiologica l results , recta l biops y and othe r laborator y result s 

Bothh stool and blood cultures did not show a significant different pattern in the ICU group 

comparedd to the non-ICU group. The white cell count and platelet count, liver functions and 

renall function were also not significantly different in both groups. The histopathological results 

inn both groups were not significantly different either (Table 3). 

4.3.33 Inflammator y marker s 

Off the evaluated inflammatory serum markers CRP and IL-8 showed a significant difference 

betweenn the 2 groups (Fig. 2 and 3). The median CRP level in the ICU and the non-ICU group 

wass 239 mg/L (Interquartile range IQR 193 to 292 mg/L) versus 88.2 mg/L (IQR 119-187 mg/ 

L),, respectively (p=0.023).There was however overlap between the two groups (Fig. 2). At a 

cut-offf level of 150 mg/L ([11], ROC cut-off 190 mg/ml), 7 out of 8 ICU patients had a high CRP 

comparedd to 6 out of 17 patients in the non-ICU group. Patients with a CRP > 150 mg/L had a 

6.44 times higher chance of developing a severe enterocolitis compared to patients with a 

CRP<1500 mg/L, (95%CI 0.92-45.1). Using the ROC cut-off level of this cohort of patients (190 

mg/L)) the chance of ICU admission was 10.5x higher (95% CI 1.5-72.8) compared to patients 

withh a CRP<190mg/L 
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Tabl ee 4: IL-S as prognostic tool in neutropenic IL-8>100 0 pg/mL IL-8 <1000 pg/mL 
enterocolitis s 

ICUU 6 * 1 7 
Non-ICUU 2 14 16 

88 15 23 

** All 3 patients who died were found in this group. Relative Risk 11.3 (95% CI 1.6-77.9) (There are 2 missing 
values.},, If the ICU missing IL-8 value was <1000 pg/mL and the missing IL-8 value in the non ICU group was 
>10000 pg/mLthen RR 5.2, If the IL-8 value missing in the ICU group is>1000 pg/mLand the IL-8 value in the 
nonn ICU group is <1000 pg/mL then RR 12.8 

Thee IL-6 levels in both groups were extremely low (the cut-off value of IL-6 at 250 pg/ml was 

nott reached [11 ]). The mean in the ICU group was 108 pg/mL and in the non-ICU group 32 p g / 

mL.. In non-neutropenic patients wi th sepsis the values of IL-6 are at least 1000- 10.Q00 fold 

higher.. Because of these extreme low values of IL-6 statistics on this parameter was not allowed. 

IL^SS levels measured on day 1 correlated most significantly wi th outcome (Fig 3). On day 1, the 

mediann value in the ICU group was 2882 pg /mL (IQR 1228-4536 pg/mL) and the median in the 

non-ICUU group was 146 pg/ml (IQR 667-213 pg/mL) (Fig 3; p=0.0Ql). Two data points are 

missing;; one in each group. IL-8 was not measured at that time-point. Using a cut-off value of 

10000 pg/mL(Ref 10 ROC cut-off 980 pg/mL) 6 out of 7 patients were found to have a high IL-

88 in the ICU group compared to 2 out of 16 patients in the non-ICU group. The risk of ICU 

admittancee was 11.3 times ((95 % CI 1.6-77.9)higher in the elevated IL-8 group than in the 

non-ICUU group. All 3 patients who died had IL-8 >1000 p g / m L 

Thee longitudinal data showed a decrease in level of IL-8 and CRP, but not a normalization 

wi th inn 48 hours (see Table 3). All other inflammatory markers were not significantly different 

betweenn both groups. Values o f 1L-10 were extremely low (<15 pg/mL) and did not show any 

correlationn wi th outcome. It was noted that there was no rise of TNF-a in any patient at any 

time-pointt (<5 pg/mL), 

Discussio n n 
Thee annual incidence of enterocolitis in our single pediatric oncology unit is estimated at 4-6% 

off newly diagnosed patients over this 3 year period. In review articles the annual incidence 

rangess from 12-46% [17-19] . Of the included patients only 16% had a C difficile positive-

colitis.. The carriage rate of C. difficile in oncology patients is 15-30%. 70% of these patients will 

showw signs of clinical illness [20,21]. The low percentage of Clostridium-positive colitis in our 

seriess can be explained by the fact that 19 out of 25 patients (76%) were pretreated with 

antibioticss of which 13 patients (52%) had received vancomycin prior to rectoscopy (Fig.1). 

Howeverr in this group 5 patients (38%) still showed pathological changes by rectoscopy, which 

indicatess that these patients may develop colitis in spite of adequate antibiotics. This illustrates 

thatt a variety of factors are involved in causing and modulating mucosal barrier injury, including 
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thee chemotherapy given, the elaboration of pro-inflammatory and other cytokines, such as 

endotoxinss across the mucosal barrier, translocation of the resident microflora and their products, 

andd the exposure to antimicrobial agents [8], 

Inn the older literature the severe enterocolitis was mainly seen in hematological malignancies 

[22,23],, but with the general intensification of chemotherapy it has been more common to 

findd these enterocolitis entities in both solid and hematological malignancies [24]. These findings 

weree confirmed in this study: 44% of the patients had a hematological malignancy and 52% 

hadd a solid tumor. 

Microbiologicall studies revealed bacteremia in 24% of the patients: of these cultures 57% 

showedd growth of Gram-positive organisms, 29% Gram-negative organisms, and 14% fungai 

organisms.. Katz et al [23] reported bacteremia in 84% of patients and fungemia in 16%. One 

possiblee explanation for a lower incidence of bacteremia in this unit is that all patients were 

startedd on selective decontamination of the intestinal tract shortly after chemotherapy. Another 

explanationn might be that with special techniques to detect cell-wall deficient strains more 

(aboutt 5%) episodes of bacteremia might be detected [25], 

Thee main aim of the study was to identify patients likely to develop a severe enterocolitis. The 

clinicall symptoms diarrhea, abdominal pain and, mucositis showed no significant difference 

betweenn the ICU and the non-ICU group. This is also described in the literature [7]. The pattern 

off fever has low prognostic value in the sense that the ICU group had more 'long and continuous 

fever'' than thé non-ICU group. 

Thee rectal biopsy findings did not contribute to treatment decisions, it was shown that the 

findingss of pseudomembranes on rectal biopsy correlated fully with C difficile toxin positivity 

orr culture positivity. None of the patients had any complications after the procedure and all 

patientss did not experience the procedure as painful. Because the yield was so low we would 

nott recommend to perform this procedure in future trials, although it might warrant to look at 

inflammatoryy parameters in rectal dialysate instead. Routine laboratory investigations could 

nott distinguish the severe cases from the less severe cases. Sloas et al [26] who investigated 24 

confirmedd cases of typhlitis retrospectively also reported that routine laboratory investigations 

weree not informative, imaging was not included in the study. Most of the patients had an 

abdominall ultrasound performed on day one and in most of these ultra sounds widened bowel-

loopss were found and thickened bowel wall. However this was not scored accurately or 

prospectivelyy validated therefore this was not included as outcome measure, this should be 

consideredd in future trials as bowel wall thickening is becoming a diagnostic tool [27,28]. 

Thee inflammatory parameters in the present study showed that CRP and IL-8 were of prognostic 

value.. The extent and course of serum concentrations of IL-8 and IL-6 in the patients with colitis 

symptomss were significantly different from those seen in septic conditions in non-neutropenic 

childrenn [29], In non-neutropenic patients concentrations of IL-8 are at least 10-100 fold higher, 

andd the IL-6 levels are at least 100-1000 fold higher [29], IL-8 used at a cut-off point of 1000 
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pg/mL,, was found to be a strong prognostic factor. Although decreasing over time, the IL-8 

levelss in our patient cohort did not normalize within 24-48 hours after administering intensive 

caree treatment and support as is usually observed in children with non-neutropenic sepsis. 

Althoughh the chemotactic activity towards neutrophils is the most important function of IL-8, 

wee know that in these patients neutrophils are missing and also absent in the extravascular 

tissues.. Taken together, these data indicate that IL-8 in neutropenic patients is less likely derived 

fromm enterocytes and myeloid cells, but from tissue cells such as endothelial cells, and fibroblasts 

[15,30].. The chronic low flow and hypoxia prone situation is not impossible as a contributing 

factorr for endothelial cell-induced IL-8 generation. This might be mediated by hypoxia-sensitive 

AP-11 and NF-kB-like binding sites in the IL-8 promoter site. In such patients, a role for IL-8 as an 

angiogenesis-regulatingg factor may be more important. Strikingly the IL-6 values were found to 

bee low. The role of IL-6 remains unclear, although IL-6 is a multifunctional cytokine regulating B 

andd T cell function and the acute phase response [3.1 ], neither prolonged fever nor CRP levels 

correlatedd with serum IL-6. 

Withh this possible pathophysiological mechanism in mind, we hypothesize that the IL-8 increase 

seenn in our patients reflects the extent of damage of the intestinal wall, and could therefore 

predictt the severity of the disease. For the daily clinical practice, we would strongly advise to 

initiatee early aggressive supportive care in neutropenic patients with abdominal cramps and 

diarrheaa in whom IL-8 levels are elevated, of course, the measurement of such inflammatory 

parameterss may very much depend on the assay used and will require further standardization. 

Thee supportive care thought of would be starting inotropic support on the first day like dopamine 

att a dose of 5 jigr/kg/min to increase the gastro-intestinal blood-flow. Future intervention trials 

shouldd concentrate on the use of granulocyte-transfusions, enterocyte-healing factors such as 

EGFF and anti-inflammatory factors. 

Acknowledgmen t t 
Wee are grateful to our pediatric gastroenterology department for performing the rectoscopies 

andd mucosal biopsies, to our pathology department doing the microscopy, 

andd to our clinical and epidemiological biostatistics department for their statistical advice. 

Reference s s 
1.. Gandy W, Greenberg BR. Successful medical 

managementt of neutropenic enterocolitis. Can-
cercer 1983, 51, 1551-1555. 

2.. Gartell Pr Braye 5Gr Copplestone JA. Neutro
penicc typhlitis. Dis Colon Rectum 1984,27, 274-
275. . 

3.. Gomez L, Martino R, Rolston KV. Neutropenic 
enterocolitis:: spectrum of the disease and com
parisonn of definite and possible cases. Clin In-
fectfect Dis 1998, 27, 695-699. 

80 0 



Pseudomembranouss and neutropenic enterocolitis in pediatric oncology patients 

4.. Shamberger RC, Weinstein HJ, Delorey MJ, 
Leveyy RH. The medical and surgical manage
mentt of typhl i t is in children wi th acute 
nann lymphocytic {myelogenous} leukemia. Can
cerr 1986, 57, 603-609. 

5.. Cöoke. Submucosal hemorrhage and appen
diceall perforation in children with leukemia. 
JAMAA 101,432-435. 1933. 

6.. Lev R, Sweeney KG. Neutropenic enterocolitis. 
Twoo unusual cases with review of the litera
ture.. [Review] [21 refs]. Arch Pathol Lab Med 
1993,, 117,524-527. 

7.. Wade DS, Nava HR, Douglass HO, Jr. Neutro
penicc enterocolitis. Clinical diagnosis and treat
ment.. Cancer 1992, 69, 17-23. 

8.. Blijlevens NM, Donnelly JP, De Pauw BE. Mu
cosall barrier injury; biology, pathology, clinical 
counterpartss and consequences of intensive 
treatmentt for haematological malignancy: an 
overview.. Bone Marrow Transplant 2000, 25, 
1269-1278. . 

9.. Engervall P, Andersson B, Bjorkholm M. Clini
call significance of serum cytokine patterns dur
ingg start of fever in patients with neutropenia. 
BrBr J Haematol 1995, 9 1 , 838-845. 

10.. deBontES, Vellenga E, Swaanenburg JC etal. 
Plasmaa IL-8 and IL-6 levels can be used to de
finee a group with low risk of septicaemia 
amongg cancer patients with fever and neutro
penia.. Br J Haematol 1999,107, 375-380. 

11.. Engel A, Mack E, Kern P, Kern WV. An analysis 
off interleukin-8, interleukin-6 and C-reactive 
proteinn serum concentrations to predict fever, 
gram-negativee bacteremia and complicated in
fectionn in neutropenic cancer patients. Infec-
tiontion 1998,26,213-221. 

12.. Kem WV, Heiss M, Steinbach G. Prediction of 
gram-negativee bacteremia in patients with can
cerr and febrile neutropenia by means of 
interleukin-88 levels in serum: targeting empiri
call monotherapy versus combination therapy. 
Clin InfectClin Infect Dis 2001, 32. 832-835. 

13.. Fleischhack G, Karnbeek I, Cipic D, Hasan C, 
Bodee U. Procalcitonin in pediatric cancer pa
tients:: its diagnostic relevance is superior to that 
off C-reactive protein, interleukin 6, interleukin 
8,, soluble interleukin 2 receptor and soluble 
tumourr necrosis factor receptor II. Br J 
HaematolHaematol 2000,111, 1093-1102. 

14.. Berkes J, Viswanathan VK, SavkovjcSD, Hecht 
G.. Intestinal epithelial responses to enteric 
pathogens:: effects on the tight junction bar
rier,, ton transport, and inflammation. Gut 2003, 
52,, 439451. 

15.. Karakurum M, Shreeniwas R, Chen J et al. Hy
poxicc induction of interleukin-8 gene expres
sionn in human endothelial cells, J Clin Invest 
1994,93,, 1564-1570. 

16.. Wolbink GJ, Brouwer MC, Buysmann S, ten 
Bergee IJ, Hack CE. CRP-mediated activation of 
complementt in vivo: assessment by measuring 
circulatingg complement-C-reactive protein com
plexes.. J Immunol 1996,157. 473-479. 

17.. Moir DH, Turner JJ, Ma DD, Biggs JC Autopsy 
findingss in bone marrow transplantation. Pa-
thologythology 1982,14, 197-204. 

18.. ProllaJC, KirsnerJB. The gastrointestinal lesions 
andd complications of the leukemia's. Ann In
ternn Med 61 , 1084-1103. 1964. 

19.. Baerg J, Murphy JJ, Anderson R, Magee JF. 
Neutropenicc enteropathy: a 10-year review. J 
PediatrSurgPediatrSurg 1999, 34, 1068-1071. 

20.. Anand A, BasheyB, MirT, GlattAE. Epidemiol
ogy,, clinical manifestations, and outcome of 
Clostridiumm difficile-associated diarrhea. Am J 
GastroenterolGastroenterol 1994, 89, 519-523. 

21 .. Riley TV. Clostridium difficile: a pathogen of 
thee nineties. Eur J Clin Microbiol Infect Dis 
1998,, 17, 137-141. 

22.. Wagner ML, Rosenberg HS, Férnbach DJ, Sin
gletonn EB. Typhlitis: a complication of leukemia 
inn childhood. Am J Roentgenol Radium Ther 
NuciNuci Med 1970,109, 341-350. 

23.. Katz JA, Wagner ML, Gresik MV, Mahoney DH, 
Jr.,, Fernbach DJ. Typhlitis. An 18-year experi
encee and postmortem review. Cancer 1990, 
65,, 1041-1047. 

24.. Song HK, Kreisel D, Canter R et al. Changing 
presentationn and management of neutropenic 
enterocolitis.. Arch Surg 1998,133, 979-982. 

25.. Woo PC, Wong SS, Lum PN, Hui WT, Yuen KY. 
Cell-wall-deficientt bacteria and culture-negative 
febrilee episodes in bone-marrow-transplant re
cipients.. Lancet 2001, 357, 675-679. 

26.. Sloas MM, Flynn PM, Kaste SC, Patrick CC 
Typhlitiss in children with cancer: a 30-year ex
perience.. Clin Infect Dis 1993,17, 484490. 

27.. Cartoni C, Dragoni F, Mieozzi A et al. Neutro
penicc enterocolitis in patients wi th acute 
leukemia:: prognostic significance of bowel wall 
thickeningg detected by ultrasonography. J Clin 
Onco/2001,19,756761. . 

28.. Gorschluter M, Marklein G, Hofling K et al. 
Abdominall infections in patients with acute 
leukaemia:: a prospective study applying ultra
sonographyy and microbiology. Br J Haematol 
2002,117,351-358. . 

81 1 



Chapterr 4 

29.. van Woensel JS, Biezeveld MH, Alders AM et 
at.. Adrenocorticotropic hormone and Cortisol 
levelss in relation to inflammatory response and 
diseasee severity in children with meningococ
call disease. JinfectDis 2001,184,1532-1537. 

30.. Colgan SP, Dzus AL, Parkos CA. Epithelial ex
posuree to hypoxia modulates neutrophil 
transepitheliall migration. J Exp Med T996,184, 
1003-1015. . 

31.. Tilg H, Dinarello CA, Mier JW. IL-6 and APPs: 
anti-inflammatoryy and immunosuppressive 
mediators.. Immunol Today 1997,18,428-432. 

82 2 



Kuhtelafcho! ! 
"That"That is good 

Prophylacticc antibiotics for preventing 
earlyy Gram-positive central venous 

catheterr infections in oncology patients, 
aa Cochrane systematic review 

M.D.vann de Wetering1, J.B.M, van Woensel2, LC.M.Kremer13, and H.N.Caron1 

11 Deparment of Pediatric oncology Emma children's hospital/ 
22 Deparment of Pediatric Intensive Care/ Emma children's hospital 

33 Children Epidemiological center Emma children's hospital/ 
Academicc Medical center Amsterdam The Netherlands 

Submitted d 
(shortenedd version of Cochrane review: Cochrane library: issue 2: 2003 

seee addendum) 



Chapterr 5 

Abstrac t t 
Background ::  Long-term tunnelled centra! venous catheters (TCVC) are increasingly used in 

oncologyy patients. Despite international guidelines on sterile insertion, appropriate catheter 

maintenancee and use, infections are a frequent complication of TCVC. These infections are 

mostlyy caused by Gram-positive bacteria. The aim of this review is to evaluate the efficacy of 

antibioticss in the prevention of early TCVC infections. 

Methods ::  We searched MEDLINE, EMBASE,and the Cochrane Controlled Trials Register up to 

Julyy 2003. Reference lists from relevant articles were scanned and conference proceedings 

weree hand searched. Outcome parameters: the main outcome was documented Gram-positivé 

bacteremiaa in patients with a TCVC. Selection criteria: randomized controlled trials (RCT) 

evaluatingg prophylactic antibiotics prior to insertion of the TCVC, and RCT evaluating the 

combinationn of an antibiotic and heparin to flush the TCVC. Both pediatric and adult oncology 

patientt trials were selected. Data collection & analysis: the trials identified were assessed and 

thee data extracted independently by two reviewers and a quality assessment was carried out. 

Mainn results : We included 9 trials with a total of 529 patients. Four trials reported on 

vancomycin/teicoplaninn prior to insertion of the TCVC compared to no antibiotics. Five trials 

studiedd flushing of the TCVC with a vancomycin/heparin solution compared to heparin flushing 

only.. Antibiotics prior to insertion of the catheter compared to no antibiotics showed a significant 

reductionn in the number of Gram-positive TCVC infections with an Odds ratio of 0.46 (95% 

confidencee interval 0.24-0.91). Flushing the TCVC with antibiotics and heparin compared to 

onlyy heparin significantly decreased the number of TCVC infections with an Odds ratio of 0.43 

(95%% CI 0.21-0.87). 

Conclusion ::  Both interventions (antibiotics prior to insertion of the catheter and flushing of the 

catheterr with the combination of an antibiotic and heparin) significantly reduced the incidence 

off Gram-positive infections in TCVC. In oncology patients who need a TCVC and are at high risk 

forr Gram-positive infections it is justified to use the above interventions. 
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Introductio n n 
Patientss treated for cancer need adequate venous access because of the frequent use of 

chemotherapy,, requirements of intravenous fluids and blood products. To limit discomfort of 

short-termm venous access long-term tunnelled central venous catheters (TCVC) are used in more 

thann two thirds of both pediatric and adult cancer patients %3. However, the use of TCVC is 

limitedd by the risk of blood dot formation as well as infectious complications. The risk of 

infectionn ranges from 1.4dto2.21 infections per 1000 catheter days. This corresponds to about 

onee third of patients experiencing an episode of infection while having the TCVC in place5. T*he 

riskk of infection is greatest during the first 100 days after placement of the TCVC 6. In the 

majorityy of the cases the causative agents are Gram-positive organisms (70%), followed by 

Gram-negativee organisms (15%), and fungi or anaerobic organisms (both 7%). 

Earlyy catheter infections (defined as infections that develop within 45 days after placement of 

thee catheter) are mostly due to organisms from the skin at the insertion site, whereas after 45 

dayss the catheter hub becomes a far more important source of infection 7. The adherence to 

andd colonization of TCVC with micro-organisms is facilitated by the formation of a very thin 

btofilmm inside the catheter lumen. This process is influenced by several factors, such as the 

productionn of fibroglycocalyx (extracellular slime) by coaguiase negative staphylococci. Despite 

internationall guidelines on catheter insertion and handling, developed by the Hospital Infection 

Controll Practices Advisory committee,58-10 about 15-20% of patients with a TCVC develop early 

infections.. It has been shown that the incidence of Gram-positive infections is increasing, mainly 

coaguiasee negative staphylococci.'1. Therefore, prohylactic antibiotics covering Gram-positive 

organismss might decrease catheter-related infections. Antibiotics can be introduced for this 

goall in two ways, either prior to the insertion of the catheter, or by flushing the catheter with 

aa combination of an antibiotic and heparin during the life-span of the catheter. 

Severall trials have evaluated the beneficial effects of these strategies, however results have 

beenn conflicting. Therefore we performed a Cochrane systematic review, to assess the 

effectivenesss of prophylactic antibiotics to reduce early Gram-positive catheter related infections. 

Thee importance of this time-span allows us to cover the induction period of chemotherapy. The 

time-periodd that many manipulations of the TCVC are necessary because of the intensity of the 

chemotherapy.. Both internal and external tunnelled central venous catheters could be included 

inn the review. 

Method s s 
Search h 

AA literature search was performed using MEDLINE and EMBASE from1966-2003 and the 

CENTRAL(Cochranee library) issue 2, 2003. We used the following terms: 
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BroviacBroviac OR Port-a<ath OR Port OR Portacath OR Hickman OR exp cathetehzation.central 

venousvenous OR Tunnelled central venous catheter 

AND: : 

prophylacticprophylactic antibiotics OR vancomycin OR teicoplanin OR antibiotics 
AND D 

expp onco/ogry OR cancer OR malignancy OR neoplasm OR leuk(a)emia OR carcinoma 
AND D 

infection.expinfection.exp OR infection prevention OR infection control OR bacter(a)emia OR seps/s 

AND D 

Thee sensitive methodology filter of the Cochrane handbook for RCT 

Additionall trials not registered in MEDLINE or the Cochrane Library were identified by scanning 

thee reference lists of the found articles. 

Inn addition we handsearched the following conference proceedings: SIOP 1995-20Q0 

(Internationall Society for Pediatric Oncology), MASCC (Multinational Association of Supportive 

Caree in Cancer) 1995-2000, ASCO (American Society of Clinical Oncology) 1995-2000, ICAAC 

(Interseiencee Conference of Antimicrobial agents and Chemotherapy)1995-2000. 

Inclusio nn and exclusio n criteri a 
Wee included all randomized controlled trials (RCTs) that compared antibiotics to no antibiotics 

priorr to insertion of the catheter, and all RCT that compared the antibiotic/heparin flush technique 

too flushing with heparin only to reduce Gram-positive infections related to the catheter. Trials 

weree included considering oncology patients (both adults and children) undergoing chemotherapy 

whoo had a tunnelled central venous catheter inserted, and who were likely to become 

neutropenic.. In reviewing the papers both adults and children were included, as the adult 

patientt is comparable to the pediatric patient in the development of TCVC infections. We 

excludedd trials if patients had an infection prior to insertion of the catheter, or if they received 

continuouss intravenous antibiotics before and after insertion of the catheter. 

Data-extractio n n 
Twoo reviewers (MvdW, ivW) independently abstracted the following data: year of publication, 

characteristicss of the patients, including age and type of malignancy, type of catheter inserted, 

numberr of patients in each arm. Life-span of the catheter, number of catheter related infections, 

numberr of catheter related bacteremia's, time to first catheter related infection, culture method 

(quantitativee or qualitative), type of organism cultured (Gram-positive, Gram-negative, fungal), 

outcomee of the infection that was defined as improvement of the patient and clearing of the 

organismm on antibiotics only or removing the catheter. Definitions used for catheter related 

infectionss were defined according to the Hospital Infection Control guidelines u i.e. isolation of 
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thee same organism from percutaneous blood culture and from one of the following: exudate at 

thee catheter exit site, a semiquantitative catheter segment culture (requiring removal of the 

catheter),, or a blood-culture from the TCVC lumen with a recovery of at least five fold higher 

colonyy count than from the peripheral blood. Catheter-related infection could also be defined 

whenn there was a temporal succession of catheter flushing, onset of chills, fever and a positive 

bloodd culture, or if the culture from the TCVG was positive 2 hours earlier than the culture from 

thee peripheral blood, this method is called differential time to positivity and makes use of 

continuouss blood-culture monitoring. A tunnel infection was defined if a spreading cellulitis 

wass present over the tunnel tract of the subcutaneous tunnelled catheter. There are signs of 

inflammationn and tenderness to palpation over the tunnel tract. 

Disagreementss were resolved between the 2 reviewers by discussion. 

Qualit yy  assessmen t 
Thee quality-list of Tulder1? was used. The Tulder criteria consist of 17 items assessing both 

internall and external validity, including allocation generation and concealment, blinding of the 

patientt and of the outcome-assessor, method of analysis (intention to treat), number of drop

outs,, follow-up including the eftd-point of the study and description of the statistics. 

Outcomee and analyses: 

Thee primary outcome was bacteremia due to central venous catheter infections. We measured 

thee number of patients with catheter-related bacteremia compared to the total number of 

patients.. If necessary these data were extracted from the raw data. The secondary outcome 

wass the number of tunnel-infections reported. Thé trials were divided into two groups which 

weree analysed separately. 

1:: prophylaxis of antibiotics at insertion of the central venous catheter versus no prophylaxis 

2:: vancomycin/heparin flush technique versus only heparin flush technique 

Thee analyses performed were: 

1:: The number of patients with catheter-reiated bacteremia in the group who received antibiotics 

priorr to insertion compared to the number of patients with catheter-related bacteremia in 

thee group who did not receive antibiotics. 

2:: The number of patients with catheter-related bacteremia in the group flushing the catheter 

withh a vancomycin/heparin solution compared to the number of patients with catheter-

relatedd bacteremia in the group flushing the catheter only with heparin. 

Statistic s s 
Dichotomouss data were analyzed calculating the Odds ratio for each trial with the uncertainty 

inn each result being expressed using 95% confidence intervals (CI). A standard meta-analysis 

wass performed where all individual trials were weighted by the inverse of the variance. (The 

softwaree used was The Cochrane Reviewmanager 4.1) Throughout the review a fixed effect 
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modell was used. Trials were pooled if there was clinical homogeneity, in therapy given and 

outcomee looked at. A random effect model was used if the included trials were heterogenous 

inn design, intervention and study population. Heterogeneity (degree of difference between the 

resultss of different trials) was calculated with the chi square test of heterogeneity. The outcome 

consideredd was the number of patients with catheter-related bacteremia compared to the total 

numberr of patients, Pooling was only considered if > 3 trials were present in the same group. 

Result s s 
Wee scanned the abstracts of 33 articles retrieved from the literature search. A total of 14 trials 

weree evaluated for inclusion, of which 5 were excluded (Table 3). Three trials were excluded 

becausee the results were analysed retrospectively 14"16 and 2 because non-tunnelled catheters 

weree studied1718 (Table 3). Of the 9 trials included, 4 addressed the administration of antibiotics 

priorr to insertion of the catheter (Table 1)' w**1, and 5 addressed flushing the catheter with the 

combinationn of vancomycin and heparin (Table 2)22'26. In total 588 patients were included in 

thee 9 trials. Four trials were done in adults (n-252)"' lwl, three in children (n=192)24"28, and two 

combinedd children and adults (n=144)22-23. In all trials single or double lumen external tunnelled 

centrall venous catheters were used. Seven trials included both patients with solid tumours and 

hematologicall malignancies and in 2 trials only patients with hematological malignancies were 

includedd ,1;19. In 7 trials qualitative culture methods were used to define catheter related 

bacteremia,, in 2 quantitative methods2426. No additional trials were obtained from the conference 

proceedings. . 

Quality-assessmen t t 
Inn 5 trials the method of blinding was adequately described, whereas in 4 trials investigators 

weree not adequately blinded 'MMUS (yable 1 and 2). In 6 trials randomization procedures were 

adequate** in 3 semi-randomization methods were used. In one these patients were initially 

randomisedd to vancomycin treatment or not, but later all patients received treatment21. Therefore 

wee only used the first part of the study (i.e. when randomization was performed) in our analysis. 

Inn the second study an open randomization was performed and the study was stopped at 

interimm analysis19. The third study did not specify how patients were randomized11. In one study 

noo intention to treat analysis was applied20. 

Outcom ee and analysi s 
Intravenou ss antibiotic s at TCVC insertio n 

Off the 4 trials that evaluated the efficacy of antibiotics prior to the insertion of the TCVC, 2 

studiedd teicoplanin 11;19 and 2 studied vancomycin before insertion of the catheter11;1S. Since 

wee aimed to review the prevention of Gram-positive TCVC infections and both vancomycin and 
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teicoplaninn are glycopeptides, that are equally active against Gram-positive bacteria we felt it 

wass acceptable to pool the data of these 4 trials. 

Inn all trials the number of patients, the number of TCVC's inserted as well as the number of 

catheter-relatedd bacteremia's in the treatment group and the control group were given.The 

follow-upp time of all trials did not exceed 30 days. Since there was heterogeneity in the patient 

groupss of the trials (p=0.06) mainly caused by the study of Ljungman et al.who studied a large 

groupp of allogenic bone-marrow transplant patients, who were already given TMP/SMZ 

(trimethoprim/sulphamethoxazole)) one week prior to insertion of the catheter.we analysed 

thee pooled data after exclusion of this study. This resulted in a more homogenous group of 

trialss with a p-value for test of heterogenicity of 0.11. There were 17 patients with a Gram-

positivee bacteremia in the group who received prophylaxis (n=95) and in the control group 

theree were 30 patients with a Gram-positive bacteremia (n=92). There was a significant benefit 

forr the use of antibiotics prior to insertion of the catheter. The pooled OR was 0.46 (95% CI 

0.24-0.91)) (Fig 1). 

Noo analysis on decreasing tunnel-infections was done, since only 2 trials reported on this item. 

Inn the first study by Ranson et al20 patients were stratified in hematological patients and patients 

withh solid tumours. In the first group vancomycin resulted in a reduction of 10% in the occurrence 

off tunnel-infections, whereas in the latter group no tunnel-infections occurred. In the second 

triall trial of Lim ,1 the same trend was observed, with an absolute reduction of 7%. 

Figur ee 1 : Pooled data of the three trials administering antibiotics prior to insertion of the catheter. The 

numberr of patients in the t reatment group is presented wi th a Gram-positive catheter related infection and 

thee number of patients wi th a catheter related infection in the control-group is given. The OR and 9 5 % CI are 

represented. . 

Studyy Treatment Control OR (fixed) Weight OR (fixed) 
orr sub-category n/N n/N 95% CI % 95% CI 

Ransonn 1990 9/36 9/36 

Limm 1993 7/43 16/45 

Vassilomaniakiss 1995 1/16 5/11 

Totall (95% CI) 95 92 

Totall events: 17 (Treatment), 30 (Control) 

Testt for heterogeneity: Chi3 = 4.43, df = 2 (P = 0.1 V 

Testt for overall effect: Z = 2.23 (P = 0.03) 

26.588 1.00(0.34,2.91] 

51.555 0.35(0.13,0.97] 

21.888 0.08(0.01,0.84] 

100.000 0.46(0.24,0.91] 

0.11 0.2 0.5 1 2 5 10 

Favorss treatment Favors control 
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Tablee 1 : Trials 

Studyy ID 

Urn n 
1993'1 1 

Ljungman n 
19977 » 

Ranson n 
19900 » 

Vassilomaniakis s 
19955 ï1 

Tabl ee 2: Trials 

Studyy ID 

Barriga a 
1997" " 

Daghistani i 
199622 2 

Henrickson n 
20000 » 

Rackoff f 
1995" " 

Schwartz z 
1990^ ^ 

usingg antibiotics prior to insertion of the catheter 

Patients s 

Adultt oncology patients 
Hematologicall disorders (n=88) 

Adultt oncology patients BMT 
andd leukaemia (n=66) 

Aduftt oncology patients 2 groups 
(n=48.)) acute leukaemia and BMT 
(n=50)) solid tumour pts 

Adultt oncology patients (n=30) 
solidd tumours, (n=10) leukemia/ 
lymphoma a 

Intervention n 

Teicoplaninn 400 mg within 2 hours 
beforee insertion catheter versus control 

Teicoplaninn 400 mg within 2 hours 
beforee insertion catheter and 24 hours 
afterr insertion versus control 

Vancomycinn 500 mg 30 min prior to in 
sertionn and 500 mg 2 hours after insertior 
versuss placebo 

Vancomycinn 500 mg within 1 hour prior 
too insertion catheter and 500 mg 6 and 
122 hrs later versus control 

usingg the vancomycin/heparin flush technique 

Patients s 

Adultt and pediatric pts 
Mainlyy leukaemia (n=83) 

Adultt and pediatric pts 
Mainlyy leukaemia (THS!) 

Pediatricc oncology pts Leukaemia/ 
BMTT and solid tumours(n=126) 

Pediatricc oncology patients, 
leukaemia,, lymphoma and 
neuroblastomaa (n=55) 

Pediatricc oncology patients 
mainlyy leukaemia (n=45) 

Intervention n 

Dailyy flushing of the catheter with 
55 ml V/H solution (vanco-25 mcg/ml, 
hep-25U/ml)) versus only H solution 

Dailyy flushing of the catheter with 
55 ml V/A/H (vanco 25 mcg/ml, 
hepp 1Ó0 U/ml, amikin 25mcg/ml) 
solutionn versus only H solution 

Dailyy flushing of the catheter with 
55 ml V/H solution (vanco 25 mcg/ml, 
hepp 10 U/ml) versus only H solution 

Dailyy flushing of the catheter with 
33 mis V/H solution (vanco 25 mcg/ml, 
hepp 100 U/ml) versus only H solution 

Dailyy flushing of the catheter with 
55 mis V/H solution (vanco 25 mcg/ml, 
hepp 10 U/ml versus; only H solution 

Heparin/vancomyci nn flush  techniqu e after CVC insertio n 

• • 

Allocation n 
Concealment t 

8 8 

B B 

A A 
I I 

B B 

Allocation n 
Concealment t 

A A 

A A 

A A 

A A 

A A 

Thee data of the 5 trials using vancomycin/heparin flush method compared to only heparin flush 

methodd (control) were pooled. All these trials were done in pediatric oncology patients. In this 

groupp of trials the follow-up time was longer than in the previous group. The flush method was 

usedd throughout the life-span of the catheter and, the mean time the CVC was nsertedd was 

2500 days per patient in all trials. There was no heterogeneity in the patient groups included 
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Blindingg Intention tp treat Treatment Control group 
Groupp Gram+CRS Gram+CRS 

BB A 7/43 16/45 

BB A 2/33 0/32 

AA B 9/36 9/36 

BB A 1/16 5/11 

Blindingg Intention to treat Treatment Control group 
Groupp Gram+CRS Gram+CRS 

AA A 7/39 16/44 

AA A 3/34 2/30 

AA A 1/28 7/64 

BB A 2/28 1/27 

AA A 0/21 6/24 

(p=0.32).. In the patients who received flushing of the catheter with an antibiotic and heparin 

theree were 13 patients with a Gram-positive bacteremia (n-1 50) and in the control group there 

weree 32 patients with a Gram-positive bacteremia (n=189). Using the fixed model this resulted 

inn a significant reduction of Gram-positive catheter related bacteremia's using the flush method. 

Ann OR of 0.43 (95% CI 0.21-0.87) was found (Fig 2). 

Ass it is of interest to know the catheter related infection rate in the first 30 days after insertion 
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Tabl ee 3: Excluded trials 

Study y Patients s Methods s 

Al-Sibaii 1987 M 146 patients wi th malignant disease 
receivedd 160 Hickman catheters 

Dawsonn 2000 '6 143 pediatric oncology patients, 
176TCVC C 

Rubiee 1994 '5 163 pediatric patients wi th cancer 
hadd 180 subcutaneous ports inserted 

Carratellaa 1999 '7 120 adult oncology patients mainly 
leukaemiaa patients who had 
non-tunnelledd catheters inserted 

Raadd 1998 '8 26 patients wi th melanoma on IL-2 
treatmentt received non-tunnelled 
catheters s 

700 patients received prophylactic antibiotics during 
andd after insertion of the catheter, 91.5% of these 
ptss received vancomycin.catheter-infection-rate 
droppedd from 0.50 to 0.25 per 100 days 

Intervention:: Cephalothin 100 mg/kg iv or 
vancomycinn 20-25mg/kg prior to insertion. Rate of 
infectionss <30 days dropped 40% 

Becausee of increased CNS catheter related infections 
caree and maintenance of the ports was changed 
fromm only flushing with heparin to a V/H solution 
(500 mcg/ml V and 100U/ml H). The staphylococcus 
sepsiss rate dropped from 3 1 % to 4 % 

Whenn patients were neutropenic the treatment 
groupp received a V/H solution 
(255 mcg/ml V,10U/ml H 2.5 ml) dwell for 1 hour 
everyy second day. Control group received only 
heparinn solution The catheter related sepsis rate 
droppedd from 7% to 0% 

Prophylacticc antibiotics given were novobiocin 
5000 mg + rifampin 300 mg. Catheter related, 
bacteremiaa decreased from 4 1 % to 6% 

Figur ee 2: Pooled data of the five trials f lushing the catheter wi th an antibiotic and heparin. The number of 

patientss in the t reatment group is presented w i t h a Gram-positive catheter related infection and the number 

off patients wi th a catheter related infection in the control-group is given. The OR and 9 5 % CI are represented. 

Study y 
orr sub-category 

Schwartzz 1990 
Rackofff 1995 
Daghistanii 1996 
Barrigaa 1997 
Henncksonn 2000 

Treatment t 
n/N N 

0/21 1 
2/28 8 
3/34 4 
7/39 9 
1/28 8 

Control l 
n/N N 

6/24 4 
1/27 7 
2/30 0 
16/44 4 
7/64 4 

ORR (fixed) 
95%% CI 

Weight t 
% % 

ORR (fixed) 
95%% CI 

Totall (95% CI) 150 

Totall events: 13 (Treatment), 32 (Control) 

Testt for heterogeneity: Chi2 = 4.67, df = 4 (P = 0.32 

Testt for overall effect: Z = 2.36 (P = 0.02) 

189 9 

23.53 3 
3.74 4 
7.67 7 

48.81 1 
16.26 6 

0.07(0.00,, 1.26] 
2.000 [0.17, 23.44] 
1.355 [0.21, 8.71] 
0.388 [0.14, 1.06] 
0.300 [0.04, 2.58] 

100.000 0.43(0.21,0.87] 

0.11 0.2 0.5 1 2 5 10 
Favorss treatment Favors control 

off the catheter we attempted to extract these data from the raw data. Only two trials allowed 

uss to deduct these figures from the Kaplan-Mayer curves given. Schwartz et al 26showed 1 

bacteremicc episode in the control-group, none in the treatment group in the first 50 days. In 

additionn Henrickson et al24 showed 7 bacteremic catheter related episodes in the control-group 

comparedd to one in the treatment group. 
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Reasonn for exclusion 

Antibioticc use and duration at the discretion of the attending 
physician,, results retrospectively analyzed. 

Noo randomization done. Intervention period was compared 
'' to pre-intervention period 

Nott randomized. A change of policy over time 
Resultss retrospectively analyzed. 

Non-tunnelledd catheters used And a flush solution that was 
allowedd to dwell 

Non-tunnelledd catheters and the antibiotics were 
administeredd within 48 hours of receiving the central line, 
nott before insertion 

Discussio n n 
Infectionss due to Gram-positive organisms in oncology patients have increased over the past 

years.. Colonization of central venous catheters with Gram-positive organisms can occur at the 

insertion-sitee and these organisms can become invasive when patients are neutropenic and 

immunee suppressed. Therefore preventive strategies must reduce colonization of thé insertion 

sitee and decrease spread both extraluminal from thé skin and intraluminal from the hub to the 

catheterr tip.10 The main preventive strategy remains adequate education in care and maintenance 

off the catheter. Education of parents and care-givers about the handling of the catheters has 

beenn shown to reduce catheter-related infections.27-28 In addition it has been shown that the 

numberr of care takers that manipulates the TCVC should be minimized in order to reduce 

infectiouss complications. The most important preventive measure is careful handwashing9. To 

reducee the extraluminal spread of Gram-positive organisms via the insertion-site antibiotic 

prophylaxiss at the time of catheter-placement has been evaluated in a number of trials. Because 

off controversial results of these trials however, this has not lead to recommendation of the use 

off prophylactic antibiotics in most guidelines.*9-10. These guidelines however have been based 

onn heterogeneous patients groups including neonates and patients who are on total parenteral 

nutritionn for other reasons than cancer. In this systematic review we only included trials in 

oncologyy patients in need of a tunnelled central venous catheter inserted for chemotherapy, 
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bloodproductss and fluids. Study design and methodology of the 4 included trials were sufficient 

andd of these the data of 3 trials could be pooled. We found a significant reduction (OR =0.46: 

95%% CI 0.24-0.91) of Gram-positive catheter related infections with the use of vancomycin or 

teicoplaninn before insertion of the catheter. This OR indicates that in a unit with a baseline 

incidencee of tunnelled catheter related sepsis (TCR5) that ranges from 10% to 30 % the number 

neededd to treat (NNT) to prevent 1 TCVC infection ranges from 10 to 18 patients. It is justifiable 

too administer antibiotics prior to insertion of the catheter in high risk patients.The short prophylaxis 

willl limit the emergence of resistant strains. 

Too reduce the intraluminal spread of Gram-positive organisms via the hub of the catheter the 

effectt of antibiotic flushing of the catheter was evaluated. The most important step is the care 

inn accessing the hub. The hub should be desinfected before access6'29. More frequent catheter-

hubb manipulation increases the risk of contamination. Therefore, it is recommended to minimize 

thee number of times per day to handle the catheter-hub. Flush solutions should contain heparin 

too prevent thrombotic events. The efficacy of adding vancomycin to the flush solution to decrease 

Gram-positivee catheter related infections in oncological patients has not been clearly established 

soo far. In vitro trials have proven that the combination of heparin and vancomycin 25 mcg/ml 

iss stable and active 30:3\ In the second part of this systematic review we aimed to answer the 

questionn if the vancomycin/heparin flush technique can decrease Gram-positive catheter related 

infectionss in oncology patients with a tunnelled CVC. 

Designn and methodology of the 5 included trials that have evaluated this were sufficient to pool 

andd analyze the data. We found that vancomycin/heparin flush technique is effective in reducing 

TCRSS (OR 0.43, 95% CI 0.21-0.87) The number needed to treat to prevent 1 catheter-reiated 

sepsiss is 13 with an infection rate of 30% and 23 with an infection rate of 10%. The fear for 

resistantt strains does not seem justified as the dose of vancomycin is so low that it will not 

distributee systemically. The possibility exists to develop super infections with Gram-negative 

organismss and fungal organisms, therefore the advice of the authors is to take the TCRS rate 

intoo account before considering to flush the tunnelled central venpus catheter with an 

antimicrobiall agent. 

Implication ss fo r practic e 
Wee feel that a selection of patients with a high base-line risk for infection (i.e. hematologic 

patientss receiving induction chemotherapy, patients who are neutropenic at the time of insertion 

off the catheter and patients undergoing a bone-marrow transplant) will benefit from the use of 

antibioticss prior to insertion of the central venous catheter, or flushing the central venous 

catheterr with a combination of an antibiotic and heparin. 
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Abstrac t t 
Introduction:: The use of selective decontamination of the digestive tract (SDD) in oncology 

patientss is still a matter of debate. A systematic review was performed to assess the evidence 

forr the effectiveness of SDD to decrease bacteremia and infection-related mortality in oncology 

patientss during neutropenic episodes. 

Methods:: We searched Medline from 1966 to October 2002, Embase from 1988 to 2002 and 

thee Cochrane Register of Controlled Trials issue 2, 2002. The search was supplemented by 

checkingg the references of these articles for additional papers. The main outcome was the 

numberr of patients with documented bacteremia (Gram-negative or Gram-positive bacteremia) 

andd infection related mortality. For the trials meeting the inclusion-criteria data-extraction and 

qualityy assessment were performed independently by two reviewers. 

Mainn results: A total of 21 trials met the inclusion criteria. Seventeen trials compared SDD 

(quinoloness or Trimethoprim/sulfamethoxazole (TMP/SMZ)) to no SDD, and 4 trials compared 

quinoloness to TMP/SMZ. The incidence of Gram-negative bacteremia decreased significantly 

(pooledd Odds Ratio 0.34, 95% CI 0.21-0.54) without an increase in Gram-positive bacteremia. 

Thiss effect was seen for TMP/SMZ and for quinotone based SDD regimens. Quino lone-based 

regimenss yielded a stronger reduction in Gram-negative bacteremia, and TMP/SMZ based 

regimenss a stronger reduction in Gram-positive bacteremia. Infection related mortality due to 

bacteriall causes decreased with the use of SDD (pooled OR 0.49, 95% CI 0.27-0.88). 

Conclusion:: SDD decreases Gram-negative bacteremia and infection related mortality due to 

bacteriall causes during neutropenic episodes in oncology patients without increasing Gram-

positivee bacteremia. 
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Introductio n n 
Complicationss due to infection remain a source of morbidity and mortality in oncology patients. The 

infectionn mortality rate is around 46% in adult patients and 0.4-1.0% in pediatric patients v3. With 

thee intensified treatment of both solid and hematological malignancies, episodes of severe 

neutropeniaa are induced by cytotoxic chemotherapy, leading to an increased chance of infectious 

complications.. Therefore prevention of infections is of importance in this group of patients. 

Mortalityy due to infections is much higher for Gram-negative bacteremia than for Gram-positive 

bacteremia.. Therefore, special effort should be focussed to reduce infections with Gram-negative 

organisms4. . 

Inn the 1970's, van der Waaij et at. developed a strategy to reduce the frequency of infections 

especiallyy Gram-negative bacteria in the immuno-com promised patient. By this strategy, named 

selectivee decontamination of the digestive tract or $DD, potentially pathogenic aerobic micro

organismss are eliminated from the gastro-intestinal tract, without affecting the non-pathogenic 

anaerobicc flora 5. SDD is achieved by administration of oral partly absorbable and partly non

absorbablee antibiotics, often in combination with anti-fungal prophylaxis. For adequate use of 

SDDD it is essential that the oral antibiotics are given before the start of neutropenia to achieve 

optimall eradication of the potential pathogenic aerobic micro-organisms in the digestive tract. 

Severall randomized controlled trials have been conducted to assess the question whether 

prophylaxiss with Trimethoprim/sulfamethoxazole (TMP/SMZ) was a successful strategy to reduce 

thee frequency of Gram-negative infections in neutropenic patients6-15. TMP/SMZ destroys aerobic 

Gram-negativee bacteria in the colon without affecting the anaerobic flora. TMP/SMZ significantly 

reducedd the rate of bacterial inflections 16. Despite the reported successes of TMP/SMZ, several 

disadvantagess were associated with its use, including hypersensitivity to the drugs, prolongation 

off the duration of neutropenia1217 and the occurrence of infections with resistant Gram-negative 

bacteria18. . 

Inn the 80's, fluoroquinolones were considered more promising drugs for SDD. These antibiotics 

hadd an increased activity against Gram-negative bacteria. Furthermore they were not as 

myelosuppresivee as TMP/SMZ and they were not associated with hypersensitivity. Many 

randomizedd controlled trials have been performed, assessing the effectiveness of fluoroquinolones 

inn SDD, and are summarized in two systematic reviews ,!U0. Although these trials show an 

importantt reduction in the incidence of Gram-negative infection, no reduction was found in 

infectionn related mortality. 

Despitee the amount of trials involving SDD, there is no consensus whether SDD reduces infection-

relatedd mortality and whether SDD should be given or not given to patients at risk. Our goal in 

thiss systematic review is to evaluate the efficacy of the use of oral SDD (TMP/SMZ or quinolones) 

startedd before the expected onset of neutropenia in decreasing bacteremia and infection related 

mortalityy in neutropenic oncology patients, and defining a subgroup of patients who will benefit 

mostt from the use of this strategy. 
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Method s s 
Search h 

AA literature search was done using Medline from 1966 to October 2002, Embase from 1988 till 

Octoberr 2002 and the Cochrane Central Register of controlled trials issue 2, 2002. We used the 

followingg terms: 

preventionprevention OR infection control OR selective decontamination OR decontamination digestive 

tracttract OR prophylactic antibiotics OR framycetin OR colistin OR nystatin OR neomycin OR 

trimethoprim-sulfamethoxazoletrimethoprim-sulfamethoxazole OR trimethoprim OR sulfamethoxazole OR co-trimoxazole OR 

nalidixicnalidixic acid OR quinolone OR fluoroquinolone OR norfloxacin OR ciprofloxacin OR ofloxacin 

ORR non-absorbable antibiotics OR rifampin OR roxithromycin 

AND D 

Leuk(a)emiaLeuk(a)emia OR cancer OR oncol* OR malignan* OR neoplasm* OR antineoplastic OR carcinoma 

AND D 

agranulocytosisagranulocytosis OR neutropeni* OR aplasia OR granulocytopeni* OR leukopeni* 

AND D 

randomizedrandomized controlled trial OR oVug therapy OR therapeutic use OR random *(using a sensitive 

researchresearch methodology filter) 

Wee included German, French and English articles. The computer search was supplemented by 

checkingg the references of the articles for additional papers. 

Inclusio nn and exclusio n criteri a 
Wee included randomized trials that compared TMP/SMZ or quinolone based SDD regimens 

withh either placebo or no SDD, and quinolone based SDD regimens compared to TMP/SMZ 

basedd regimens. Trials considering oncology patients (both adults and children) undergoing 

chemotherapyy with expected neutropenia and addressing oral SDD (TMP/SMZ or quinolones) 

thatt was started before the expected onset of neutropenia were included. We excluded trials 

usingg total decontamination of the digestive tract (TDD), trials in which intravenous antibiotics 

weree used as SDD, trials in which infection was present at the time of starting SDD, when SDD 

wass started at the onset of neutropenia, and when SDD was compared to other regimens of 

SDD,, i.e. not TMP/SMZ to quinolones. 

Data-extractio nn and outcom e measure s 
Twoo reviewers (MvdW, MdW) independently abstracted the following data: year of publication, 

characteristicss of the patients, including age and type of malignancy, type of SDD used, the 

numberr of patients included in both treatment arms, the number of neutropenic episodes 

analysed,, the number of patients with bacteremia, and the number of infection related deaths. 

Disagreementss were resolved between the two reviewers by discussion. 

Wee considered as a primary outcome documented bacteremia (Gram-positive or Gram-negative 
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bacteremia),, and mortality (infection related mortality and mortality due to bacterial causes) 

duringg febrile neutropenic episodes and as secondary outcome fungaemia and fungal related 

mortality. . 

Qualit yy  assessmen t 
Twoo reviewers independently assessed the following criteria regarding the methodological quality 

off the included trials: allocation concealment (adequate, not adequate, not clear), blinding of 

patientss and outcome-assessors (yes, no, not clear) and the use of an intention to treat analysis 

{yes,, no)21. 

Meta-analysi s s 
Triall specific odds ratios were calculated. Odds ratio's were combined according to the fixed 

effectt method of Mantel-Haenszel. Trial results were combined if there was clinical homogeneity, 

inn both interventions and outcomes. Statistical heterogeneity was tested with the chi square 

testt of homogeneity. In addition, heterogeneity was quantified by the use of the I3 statistic, 

describingg the percentage of total variation across trials that is due to heterogeneity between 

trials.. A value of 0 % indicates no observed heterogeneity between the trials, and 100% indicates 

onlyy heterogeneity between the trials22. 

Meta-analysess were performed for the following comparisons: SDD (TMP/SMZ or quinolones) 

versuss placebo or no SDD, and for TMP/SMZ versus quinolones. Subgroup analyses were 

performedd for trials with only conventional chemotherapy patiënte versus trials with only bone-

marroww transplantation patients, and for trials addressing pediatric oncology patients only. 

Result s s 
Identificatio nn of trial s 

Ourr literature search revealed 329 eligible trials (Figure 1). Of those, 294 trials were not included 

becausee these were trials on total gut decontamination, trials on using intravenous antibiotics 

ass form of SDD, or fungal prophylaxis, or trials comparing SDD to other combinations of SDD. 

AA total of 36 articles were retrieved. A total of 15 trials did not fulfil the inclusion criteria (see 

Appendix:: Excluded trials). Thus, 21 trials were included. Of these, 17 trials addressed SDD compared 

too no SDD or placebo and 4 trials compared quinolones to TMP/SMZ (Table 1 and 2). 

Qualit yy  of the include d trial s 
Off the included 21 trials 13 trials (62%) showed adequate concealment of allocation6'7'10'12-13-23-31, 
inn 13 trials (62%) both patient and outcome-assessor were blinded * * , W ^ 2 H 1 , and 10 trials 
(47.5%)) used an intention to treat analysis 7.10.12-15.24.27,30.32 (Tab ie 1 a n d 2y 
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Figur ee 1: All trials included in the search strategy with a breakdown of the articles, which are included for 
thee analysis SDD= selective decontamination of the digestive tract, TMP/SMZ= Trimethoprim /sulfamethoxazole 

Potentiallyy relevant 
randomizedd trials retreived 
forr evaluation (n=329) 

Randomizedd trials evaluated 
forr inclusion (n=36) 

Randomizedd trials included in 
thee systematic review (n=21) 

Exclusions:: (n=293) 
// studies on fungal prophylaxis 
// use of i.v. antibiotics as SDD 
// use of total gut decontamination 

++ protective environment 

Exclusions:: (n=15) 
// neutropenia at start of the study 
// infection at start of study 
// fever at start of study 

Randomizedd trials 
TMP/SMZZ versus 
placeboo (n=10) 

Randomizedd trials 
quinolonee versus 
placeboo (n=7) 

Randomizedd trials 
TMP/SMZZ versus 
quinolonee (n=4) 

Descriptio nn o f include d trial s 

Seventeenn trials compared SDD to placebo or no SDD. Of those, 10 addressed TMP/SMZ and 7 

trialss addressed quinolones. The 17 trials included 1515 patients and took place from 1983 to 

2002.. Seven trials were done in patients with hematological malignancies & W ® P 3 * 3 trials in 

patientss with solid tumors mostly undergoing high dose chemotherapy7-24-31, 6 trials were done 

combiningg hematological and solid tumors6'9''233, and one trial was performed with only allogenic 

bonee marrow-transplant patients28. Three of the trials comparing SDD to no SDD also included 

pediatricc patients610'12 (Table 3). 

Inn the control groups (without use of SDD) the incidence of bacteremia ranged from 4 . 1 % (in 

conventionall chemotherapy) to 60% (in allogenic transplant patients), Gram-negative bacteremia 

fromm 1.3% to 36% and Gram-positive bacteremia from 2.7% to 38%. 

Inn six of the 17 trials patients used SDD during one neutropenic episode6,8'15'27>28'32and in 11 

trialss patients used SDD during multiple neutropenic episodes7-9'14-24-30'31'33. 

Fourr trials compared quinolones to TMP/SMZ 23-25'26-29. of these, 3 trials included patients with 

hematologicall malignancies 23-25-26, and 1 trial included patients with both hematological and 
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solidd tumors29. All trials included patients who used SDD during multiple neutropenic episodes. 

AA total of 525 patients were included in these latter studies. 

Meta-analyse s s 
TMP/SMZZ or quinolone s versu s no SDD 

Thiss analysis included 17 trials. Not all articles allowed data-extraction for all end points. The 

characteristicss of the included articles are shown in Table 1 and Table 2. Of the 17 included 

trialss 5 addressed the number of bacteremic episodes compared to the total number of episodes 

7,9,11,31,33ancjj j2 trials addressed the number of patients with bacteremia compared to the total 

numberr of patients6*101215-24'27-28^2 

Effec tt  on bacteremi a 

Dataa on bacteremia could be extracted from 12 trials. The 12 trials included 1142 patients. 

Theree were 72 patients with bacteremia in the SDD group (n=576) and 124 patients with 

bacteremiaa in the control group (n=566). The meta-analysis showed a benefit in favour of SDD 

usee (odds ratio (OR) 0.47; 95% CI: 0,34-0.65). No heterogeneity between the trials was detected 

(chii square for heterogeneity p=0.74,12 -0%). Of these 12 trials 7 trials used TMP/SMZ as SDD 

regimen.. In these trials 744 patients were included. There were 38 patients with bacteremia in 

thee TMP/SMZ group (n=377) and 54 patients with bacteremia in the control group (n=367). A 

benefitt was shown for the use of TMP/SMZ The OR was G.51 (95% CI 0.33-0.79), and there 

wass no heterogeneity between the trials (chi square for heterogeneity p=0/8, i2=0%). Five trials 

usedd quinolones as SDD regimen. There were 34 patients with bacteremia in the quinoione 

groupp (n=199) and 60 patients with bacteremia in the control group (n=199). A benefit was 

shownn for the use of quinolones. The OR was 0.42 (95% CI 0.25-0.70). There was some 

heterogeneityy between the trials, (chi square for heterogeneity p=0.36, I2 =8.8%), but we 

consideredd pooling the data useful (Figure 2). 

Effec tt  on Gram-negativ e bacteremi a 

Dataa on Gram-negative bacteremia could be extracted from 11 trials. A total of 1047 patients 

weree included. There were 25 patients with Gram-negative bacteremia in the SDD group (n=530) 

andd 59 patients in the group not receiving SDD (n= 517). There was a clear benefit shown for 

thee use of SDD. The OR found was 0.39 (95% CI 0.24-0.63).Moderate heterogeneity was seen 

betweenn the trials but pooling was allowed (chi square for heterogeneity p=0.32,12=13.5%). 

Sevenn trials used TMP/SMZ as SDD regimen. There were 20 patients with a Gram-negative 

bacteremiaa in the TMP/SMZ group (n-377), and 29 patients in the control group (n=367). The 

meta-analysiss showed a trend to the benefit of TMP/SMZ use, but it did not reach a five per cent 

levell of significance (OR 0.65, 95% CI 0.36-1.17). No heterogeneity was detected in this analysis 

(chii square for heterogeneity p=072, i2 =0%). From 4 trials using quinolones data could be extracted. 
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Figur ee 2: Meta-analysis comparing SDD t o no prophylaxis in which the outcome bacteremia is presented. 12 

trialss could be pooled. The first 7 trials compared TMP/SMZ to no SDD and the last 5 trials compared 

quinoloness t o no SDD. The Odds ratio (OR) is presented wi th a 95% confidence interval. 

Study y 
orr sub-category 

SDD D 
n/N N 

noo prophylaxis ORR (fixed) 
95%% CI 

Weight t 
% % 

ORR (fixed) 
95%% CI 

011 TMP/SMZ trials 

Weiser19811 1/14 2/15 
Gualtierii 1983 3/24 7/23 
Pizzoo 1983 3/77 3/73 
EORTC19844 22/177 32/165 
Henryy 1984 2/20 6/23 
Kovatchh 1985 1/43 7/48 
Wardd 1993 6/22 7/20 
Subtotall (95% CI) 377 367 
Totall events: 38 (SDD), 64 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 3.05, df = 6 (P = 0.80), I2 = 0% 
Testt for overall effect: Z = 2.99 (P = 0.003) 

«-•--

022 quinolone trials 
Karpp 1986 
Leww 1991 
Talbott 1993 
Carlsonn 1997 
Leee 2002 
Subtotall (95% CI) 

16/35 5 

0/11 1 
10/62 2 
6/45 5 
2/46 6 

199 9 

20/33 3 
6/15 5 

22/57 7 
6/45 5 
6/49 9 
199 9 

Totall events: 34 (SDD), 60 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 4.39, df = 4 (P = 0.36), I2 = 8.8% 
Testt for overall effect: Z = 3.35 (P = 0.0008) 

Totall (95% CI) 576 566 
Totall events: 72 (SDD), 124 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 7.73, df = 11 (P = 0.74), I2 = 0% 
Testt for overall effect: Z = 4.45 (P < 0.00001) 
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5.03 3 
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45.00 0 

0.55(0.21,, 1.44] 
0.066 [0.00, 1.28] 
0.311 [0.13,0.72] 
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0.33(0.06,, 1.70] 
0.422 [0.25, 0.70] 

100.000 0.47(0.34,0.65] 
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Theree were 5 patients with a Gram-negative bacteremia in the quinolone group (n=153) and 30 

patientss in the control group (n=150). There was a significant benefit for the use of quinolones. 

Thee OR for quinolone based regimens was 0.14 (95% CI 0.06-0.36) and no heterogeneity was 

detectedd in this analysis (chi square for heterogeneity p=0.65, l2=0%, Figure 3). 

Effec tt  on Gram-positiv e bacteremi a 

Tenn trials reported on data concerning Gram-positive bacteremia. A total of 1005 patients 

weree included. There were 41 patients with Gram-positive bacteremia in the SDD group (n=508) 

andd 52 patients had a Gram-positive bacteremia in the control group (n=497). There was no 

significantt difference between the 2 groups (OR 0.74, 95% CI 0.48-1.14). There was no 

heterogeneityy in this analysis (Chi squared test for heterogeneity p=0.60, l2=0%). From 6 trials 

usingg TMP/SMZ the data could be extracted. There were 14 patients with a Gram-positive 

bacteremiaa in the TMP/SMZ group (n=355) and 28 patients in the control group (n=347). 
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Figur ee 3 Meta-analysis comparing SDD to no prophylaxis in which the outcome Gram-negative bacteremia is 
presented.. 11 trials could be pooled. The first 7 trials compared TMP/SMZ to no SDD and the last 4 trials 
comparedd quinolones to no SDD. The Odds ratio (OR) is presented with a 95% confidence intervals 

Study y 
orr sub-category 

SDD D 
n/N N 

noo prophylaxis 
n/N N 

ORR (fixed) 
95%% CI 

Weight t 
% % 

ORR (fixed) 
95%% CI 

011 TMP/SMZ trials 
Weiserr 1981 
Gualtierii 1983 
Pizzoo 1983 
EORTCC 1984 
Henryy 1984 
Kovatchh 1985 
Wardd 1993 
Subtotall (95% CI) 

«--

•-*--

1/14 4 
2/24 4 
1/77 7 

13/177 7 
1/20 0 
0/43 3 
2/22 2 
377 7 

Totall events: 20 (SDD), 29 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 3.68, df = 6 (P = 0.72), I2 = 0% 
Testt for overall effect: Z = 1.44 (P = 0.15) 
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022 quinolone trials 
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1/62 2 
0/45 5 
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11/33 3 
3/15 5 
13/57 7 
3/45 5 
150 0 

* * • • 

4 » --

Totall events: 5 (SDD), 30 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 1.64, df = 3 (P = 0.65), I2 = 0% 
Testt for overall effect: Z = 4.07 (P < 0.0001) 

Totall (95% CI) 530 517 - * • * > 
Totall events: 25 (SDD), 59 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 11.56, df = 10 (P = 0.32), I2 = 13.5% 
Testt for overall effect: Z = 3.89 (P = 0.0001) 
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Theree was a benefit shown to reduce Gram-positive bacteremia with the use of TMP/SMZ (OR 

0.47,, 95% CI 0.25-0.91). There was no heterogeneity in this analysis (Chi squared test for 

heterogeneityy p=0.96, I 2 =0%). From 4 trials using quinolones the data could be extracted. 

Theree were 27 patients with a Gram-positive bacteremia in the quinolone group (n=153) and 

244 patients in the control group (n=150). There was no significant difference found (OR 1.11, 

95%% CI 0.6-2.05). There was no heterogeneity in this analysis (Chi squared test for heterogeneity 

p=0.44,, l2=0%, Figure 4). 

Effec tt  on fungemi a 

Elevenn trials reported on the outcome fungemia. Of these 11 trials 4 used antifungal prophylaxis 

inn addition to the SDD regimen given. There were 14 patients with fungemia in the SDD group 

(n=531)) and 9 patients with fungemia in the control group (n=521). The difference between 

bothh groups was not significant (OR 1.32, 95% CI 0.60-2.91). This analysis did not show 

heterogeneityy (Chi squared test for heterogeneity p=0.94, l2=0%). 
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Figur ee 4: Meta-analysis comparing SDD to no prophylaxis in which the outcome Gram-positive bacteremia is 

presented.. 10 trials were pooled. 6 trials compared TMP/SMZ to no SDD, and 4 trials compared quinolones 

too no SDD. The Odds ratio (OR) is presented wi th a 9 5 % confidence interval. 

Study y 
orr sub-category 
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noo prophylaxis ORR (fixed) 
95%% CI 

Weight t 
% % 
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95%% CI 

011 TMP/SMZ trials 
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Henryy 1984 
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Subtotall (95% CI) 
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1/24 4 
2/77 7 
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355 5 

Totall events: 14 (SDD), 28 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 1.07, df = 5 (P = 0.96), I2 = 0% 
Testt for overall effect: Z = 2.26 (P = 0.02) 

1/15 5 
1/23 3 
2/73 3 

18/165 5 
2/23 3 
4/48 8 
347 7 

022 quinolone trials 
Karpp 1986 
Leww 1991 
Talbott 1993 
Carlsonn 1997 
Subtotall (95% CI) 

12/35 5 
0/11 1 
9/62 2 
6/45 5 
153 3 

9/33 3 
3/15 5 
9/57 7 
3/45 5 
150 0 

«-•--

Totall events: 27 (SDD), 24 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 2.72, df = 3 (P = 0.44), I2 = 0% 
Testt for overall effect: Z = 0.34 (P = 0.73) 

Totall (95% CI) 508 497 
Totall events: 41 (SDD), 52 (no prophylaxis) 
Testt for heterogeneity: Chi2 = 7.40, df = 9 (P = 0.60), I2 = 0% 
Testt for overall effect: Z = 1.36 (P = 0.17) 
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Effec tt  on reducin g infectio n relate d mortalit y 

Outt of 13 trials data could be extracted on infection-related mortality. Four trials12'1433'34 did not 

reportt on mortality data. A total of 1116 patients were included in this analysis. There were 23 

patientss who died due to an infectious cause in the SDD group (n=564) and there were 39 

patientss who died because of an infectious cause in the control group (n=452). A significant 

benefitt was shown in the use of SDD (Odds ratio 0.56 95% CI 0.34-0.96). In this analysis no 

heterogeneityy was found (chi square for heterogeneity p=0.54, l2=0%). In both groups an 

equall number of fungal infections were found. Excluding fungal causes of death, as SDD does 

nott cover fungal organisms, we found 16 patients who died due to a bacteremia (n=478) in the 

SDDD group and 32 patients who died due to a bacteremia in the control group (n=478). Thus, 

theree was also a decrease of infection-related mortality due to bacterial causes (Odds ratio 

0.49,, 95% CI 0.27-0.88). No heterogeneity in this analysis was found (chi square for heterogeneity 

p=0.62,, l2=0%, Figure 5). 
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Figur ee 5: Meta-analysis comparing SDD to no prophylaxis in which the outcome infection-related mortality 
duee to bacterial causes is presented. 13 trials were pooled. 7 trials compared TMP/SMZ to no SDD, and 6 
trialss compared quinolones to no SDD. The Odds ratio (OR) is presented with a 95% confidence interval. 
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Quinolon ee versu s TMP/SMZ 

Inn the four trials comparing quinolones to TMP/SMZ a total of 525 patients were included 

(Tablee 2). In the quinolone group 5 patients had a Gram-negative bacteremia (n=249) and in 

thee TMP/SMZ group (n=242) 14 patients had a Gram-negative bacteremia. This showed a 

benefitt in the use of quinolones (OR 0.37, 95% CI 0.14-0.99). However, there was heterogeneity 

betweenn the studies (chi square for heterogeneity p=0.26, I2 =25.3%) and this result should be 

interpretedd with caution. 

Theree were 37 patients with Gram-positive bacteremia in the quinolone group (n=249) and 14 

patientss in the TMP/SMZ group (n=242). There was a significant benefit found in the use of 

TMP/SMZZ over quinolones. The OR was 2.39 (95%CI 1.37-4.16). There was no heterogeneity 

betweenn studies. If we assessed infection-related mortality there were 13 patients who died in 

thee group using quinolones (n=249), and 5 patients died in the group using TMP/SMZ (n=242). 

Thee OR was 2.70 (95% CI 0.94-7.8), which means that TMP/SMZ based regimens may be more 
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effectivee than quinolone based regimens in decreasing infection related mortality; yet, this did 

nott reach a five per cent level of significance. 

Subgrou pp analyse s 

1.. Conventional chemotherapy vs. bone marrow transplant 

Off 12 SDD trials the data could be abstracted to compare patients receiving conventional 

chemotherapyy (9 trials) and patients who underwent a bone-marrow transplant (BMT) procedure 

(33 trials). In the 9 conventional chemotherapy trials a total of 712 patients were included. If we 

analysedd the outcome bacteremia, there were 34 patients with bacteremia in the SDD group 

(n=353)) and 69 patients in the control group (n=359). A benefit was shown in favor of the use 

off SDD in patients receiving conventional chemotherapy. The odds ratio was 0.41 (95% CI: 

0.26-0.64).. There was no heterogeneity in this analysis (chi square for heterogeneity p=0.58, \2 

=0%)) There were 3 trials only including BMT patients with a total of 436 patients. If we analysed 

thee same outcome bacteremia there were 38 patients with bacteremia in the SDD group (n=223) 

andd 58 patients in the control group (n=213). A benefit was shown in favour of the use of SDD 

inn patients receiving a BMT procedure. The OR was 0.52(95% CI: 0.32-0.84. No heterogeneity 

wass found in this analysis (chi square for heterogeneity p=Q35, I2 =3.7%). In this subgroup 

analysiss both groups benefit equally from the use of SDD. 

Pediatri cc  trial s 

Theree were three included trials with pediatric patients (see Table 3). Three trials compared 

TMP/SMZZ to placebo, but from only 2 trials the pediatric data could be included, one trial 

combinedd adult and pediatric results. Pooling of these data is not possible. The EORTC trial6 

onlyy provided information on the outcome (in pediatric patients. In theTMP/SMZ group (n=33) 

theree were 2 patients with bacteremia and in the control group also 2 patients (n=32). The 

Kovatchh trial10 provided information on both bacteremia and Gram-negative bacteremia. In the 

TMP/SMZZ group (n=43) there were no patients with Gram-negative bacteremia, and in the 

controll group there were 3 patients (n=48). The last trial from Pizzo et al u did not separate the 

pediatricc data from the aduft data. 

Discussio n n 
Thiss systematic review showed a significant reduction in both Gram-negative bacteremia and 

mortalityy due to bacterial infections, without an increase in fungal septicaemia's in the SDD 

group.. Earlier systematic reviews 192  showed a significant reduction of Gram-negative bacteremia 

withh quinólone-based regimens but failed to show a reduction in infection-related mortality. 

Theree are several explanations for this difference. First, in our systematic review we included 

trialss both on TMP/SMZ as on quinolones. Cruciani and Engels only focussed on quinolone 
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regimens.. Second, in our analyses we compared TMP/SMZ or quinolone based regimens with 

noo treatment or placebo as the previous reviews also included trials with other antibiotics in the 

comparisonn groups. Third, we excluded trials on the intravenous use of SDD prophylaxis. Fourth, 

wee focussed on trials in which patients started SDD prophylaxis before the onset of neutropenia 

(whichh is essential for the appropriate use of SDD) and in which patients had no infections at 

thee time of inclusion. Fifth we only abstracted data from trials where the number of patients 

withh bacteremia (Gram-negative or Gram-positive) could be compared to the total number of 

patientss per treatment group. 

Thee incidence of bacteremia is reduced by the use of both TMP/SMZ and quinolone prophylaxis. 

Becausee of the high risk of mortality due to Gram-negative bacteria one aim of SDD treatment 

iss to reduce Gram-negative bacteremia. Both TMP/SMZ and quinolone prophylaxis decrease 

thee risk of Gram-negative bacteremia. This systematic review shows that quinolone based SDD 

regimenss are more effective in reducing Gram-negative bacteremia's than TMP/SMZ based 

regimens.. Concerning the Gram-positive bacteremia our systematic review shows that with 

TMP/SMZZ based regimens the incidence of Gram-positive bacteremias is reduced. This is not 

evidentt for quinolone based SDD regimens. It is well known that quinolones offer inadequate 

coveragee for Gram-positive infections 35. Addition of antibiotics covering Gram-positive 

microorganisms,, could address this problem. Cruciani et a l3 5 summarised all RCTs performed 

onn the addition of Gram-positive prophylaxis to fluoroquinolones in a systematic review and 

concludedd that there is lack of clear cut benefit on morbidity and mortality. This treatment 

strategy,, however, should be valuable in subgroups of patients at high risk of streptococcal 

infections.. This has yet to be shown. 

Althoughh there is an increase over time of Gram-positive organisms eCKZÜ ô36, the mortality due 

too infections is much higher for Gram-negative bacteremia, than for Gram-positive bacteremia. 

Celkann et al * describe the infection related mortality in oncology patients as 8% due to Gram-

positivee septicaemia's and 20% due to Gram-negative septicaemia's. Therefore it is essential to 

focuss on elimination of Gram-negative organisms. 

Onee issue of great concern in the oncology patient is the occurrence of resistant isolates. 

Strainss that have shown to develop quinolone resistance are E. Coli and coagulase negative 

staphylococcus37.. The percentage of emerging resistance differs from more than 25% reported 

inn the EORTC trials to less than 10% in the Memorial Sloan Kettering Center. It is likely that the 

increasingg resistance to fluoroquinolones among isolates of cancer patients reflects the pressure 

putt on the endogenous flora, rather than dissemination of fluoroquinolone resistant strains in 

thee general population. Data on resistance in our the trials included in this review were difficult 

too interpret, and not all trials reported on resistance, therefore no conclusion can be drawn on 

developmentt of resistant organisms from these data. 

Thee fear of developing resistant organisms raises the question if we can stratify the use of SDD 

too certain high-risk groups of patients. Therefore a sub analysis was performed. A benefit was 
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shownn for the use of SDD in both patients who undergo conventional chemotherapy and 

patientss who undergo a BMT procedure. The explanation that both groups benefit might be 

duee to the intensity of conventional chemotherapy which is comparable to a BMT procedure. 

Wee know that quinolones provide poor coverage for streptococci and coagulase-negative 

staphylococci,, therefore there is a higher risk of colonization of these organisms and increased 

chancee for infection38-39. In our meta-analysis we found that the incidence of Gram-positive 

bacteremiaa did not increase with the use of SDD (OR 0.73, 95% CI 0.47-1.11). 

AA sub analysis performed in pediatric trials included the only three trials. Infection-risk was much 

lowerr in these trials than in adult trials which is in keeping with the literature '~3. The data do not 

alloww us to draw conclusions on pediatric patients only. It is, however, known that the risks for 

infectionn in the patient with cancer are similar for both adults and children. We believe that the 

dataa shown on the use of SDD in adults are also relevant to the pediatric oncology patients. 

Inn conclusion, this systematic review shows that TMP/SMZ or quinolone based SDD regimen 

startedd before the onset of neutropenia reduces both Gram-negative bacteremia and infection 

relatedd mortality in neutropenic oncology patients. The risk of developing resistant strains could 

nott be evaluated but the use of TMP/SMZ or quinolone prophylaxis did not increase the risk of 

Gram-positivee bacteremia orfungemia. 

Implication ss fo r clinica l practic e 
Wee believe that TMP/SMZ or quinolone prophylaxis is beneficial to cancer patients with a high 

baselinee risk for infections, such as patients with hematologichemato logica I malignancies, 

autologeouss and allogenic bone-marrow transplant patients and solid tumor patients who 

havee an expected neutropenia of at least 7 days. We therefore advise to give SDD to oncology 

patientss with an expected base-line infection risk of more than 10%. In such patients, if the 

infectionn risk is e.g. 20% one would have to treat 5 patients to prevent one Gram-negative 

bacteremiaa with a quinolone based regimen (NNT=5). To prevent one infection related death 

withh a quinolone or TMP/SMZ based regimen in patients at a baseline risk of infection-related 

mortalityy of 2% one would have to treat 100 patients (NNT=100). The regimen used will 

dependd on the best available data on development of resistance, and strict monitoring to 

detectt resistant strains will be an absolute necessity. 
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AA child with infant ALL and severe varicella- zoster pneumonia 

AA little boy, presented at the age of 6 months with infant leukemia. He was started on the 

acutee lymphoblastic leukemia protocol for children <1 year and had a good response. After the 

inductionn period he was in complete remission. After one year of intensive chemotherapy he 

startedd his maintenance therapy, consisting of dexamethasone 6mg/m2/day x 14 days with 

vincristinee 1.5 mg/m:'on day 1 and day 7 intravenously followed by 5 weeks oral 6-mercaptopurine 

500 mg/rrv /daily and methotrexate 20 mg/ nv weekly, after this the cycle repeated. 

Hee was on maintenance therapy for 3 months when he developed varicella zoster vesicles all 

overr the body, but otherwise was not ill at that stage. It was known that this boy was IgG 

negativee for varicella zoster. The contact of this varicella infection was not known, therefore he 

didd not receive the passive immunization within 72 hours of zoster-immunogiobulin. On 

developingg the vesicles he was started on high dose oral aciclovir and was admitted to hospital. 

Initiallyy he was an otherwise well toddler except for the extensive vesicles. He did not improve 

andd developed severe abdominal pain 10 days after the first vesicles had appeared. He was not 

vomiting,, no diarrhea, and the pain did not seem related to the food intake. He was however 

nott well at this stage, the vesicles were turning hemorrhagic (fig 1), and he was agitated, he 

didd not want to walk anymore. He was started on i.v aciclovir and because of the possibility of 

secondaryy infection Augmentin® i.v. was started. 

Figur ee 1: skin lesions of the varicella 
zosterr primary infection. Some lesions 
showw a hemorrhagic aspect. 

Thee following day this little boy deteriorated and was distressed. His respiration rate was 50/ 

minn and on auscultation bilateral rhonchi were heard. His eyes were edematous and he was 

veryy irritated. He deteriorated rapidly that day and had to be transferred to the intensive care 

unitt to be mechanically ventilated. At this stage he had an extreme high temperature and was 

neutropenic,, therefore he was started on a cephalosporin and gentamycine. His chest X-ray 

showedd bilateral infiltrative changes which progressed from fairly visible changes to a total 

whitee out (fig 2). The viral load of varicella measured with a PCR in blood was extremely high 

1600.000c// ml, also the PCR from the broncho-alveolar lavage was positive for VZV, therefore 

itt was clear that the complication this boy had was a varicella-pneumonia. 
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Figur ee 2: Chest X ray presenting the 
varicellaa zoster pneumonia at time of HFO 
ventilation. . 

Whilee on conventional ventilation he deteriorated despite pressures of 32/20 mm Hg, and Fi02 

off 100%. Therefore he was started on high frequency oscillation ventilation. He reacted well to 

thiss form of ventilation, and could be extubated after 8 days. The viral load very slowly decreased. 

Slowlyy he improved and i.v. therapy was continuated 4 weeks, then his viral load showed 2500 

c/mll and at this stage his therapy was switched from intravenous to oral therapy famciclovir 

Virall load (PCR) varicella 

o o 

1000000 0 0 

100000 0 0 

10000 0 0 

10000 0 

900 12 0 18 0 21 0 24 0 30 0 

Figur ee 3: Viral load longitudinal data, showing that T cell response recovered after nearly one year and at that 
stagee the viral load was 0. 
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AA child with infant ALL and severe varicella- zoster pneumonia 

whichh was continued another 9 months, Then he did show an adequate T-cell immune-response, 

andd it was decided to stop the oral treatment (Fig 3). 

Hee has done very well since. He finished his chemotherapy and has been in complete remission 

forr over 2 years after stop of the chemotherapy. 

Varicell aa pneumoni a 
Thiss represents a severe complication of varicella, mostly seen in the immuno-compromised patients 

andd in adults. This severe complication carries a mortality of 10-30% (.1). However, when respiratory 

failuree occurs and mechanical ventilation is necessary, mortality is as high as 50% (2,3). Although 

wee know that acidovir has limited efficacy it remains the first-line therapy (1). Varicella pneumonia 

causess an interstitial pneumonitis with impairment of pulmonary gas-exchange. The pneumonitis 

iss probably due to host response rather than virally mediated tissue injury. 

Corticosteroidss may modify the inflammatory response. This results in a decrease in the release 

off macrophage-derived pro-inflammatory cytokines like interleukin-1 and Tumor necrosis factor-

aa (4, 5)and a decrease in production of membrane-derived products like leukotrienes and 

prostaglandins,, leading to less edema and improved vascular permeability. Therefore it is 

recommendedd to start steroids in addition to anti-viral therapy and other supportive care 

measurements.. This little boy did not cope on conventional chemotherapy, fortunately he 

respondedd to high frequency oscillation ventilation. Another form of ventilation these patients 

havee been responding to fairly well is ECMO ventilation (extracorporal membrane oxygenation), 

Earlyy recognition of pulmonary failure and rapid institution of ECMO are critical in the succesful 

managementt of this complication of varicella zoster infection. ECMÖ as such does little to 

reversee the course of the underlying disease. It's role is one of support, during which time the 

lungss are rested and allowed to recover(6, 7). 
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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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Varicellaa vaccination in an early phase of chemotherapy in pediatric oncology patients 

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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E E 
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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. 
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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 

133 3 



Chapterr 7 

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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Discussion n 

Thee first part of this thesis discussed studies on predicting the course of infectious complications 

inn the child with cancer, and the second part presented studies on preventing infection in 

whichh two systematic reviews were presented. 

Thereforee the discussion will be divided in 

a)) Predictors of the clinical course of infection 

b)) Prevention of infection 

Att the end of the discussion an overview of the implications for clinical practice and proposals 

forr future research will be given. 

a)) Predictor s of the clinica l cours e of infectio n 

Chapter ss 3 and 4 
Withh the increasing intensity of chemotherapy the cancer patient remains susceptible to infectious 

complications.. In the introduction emphasis has been given to the various risks of the neutropenic 

patientt for infection. Increased understanding of these various risks have led to risk assessment 

modelss Which are how applied in adult patients12. These risk-assessment models have also been 

developedd for children. Orudjev et al3 reported on all pediatric trials done on risk-assessment. 

Twenty-sevenn prospective trials were identified and five reviews. So far no internationally validated 

riskrisk prediction rule is available for children. Deducted from the best available evidence one could 

definee the low-risk prediction rule as follows: "The child with low-risk febrile neutropenia is clinically 

welll and afebrile within 24-96 hours of therapy and has evidence of marrow recovery with a rising 

phagocytee count"3. Empirical therapy will be instituted in the hospital and decisions can be made 

too switch to oral antibiotic therapy after initial intravenous therapy. Prospective validation of the 

loww prediction rule is necessary prior to implementing this rule in pediatric oncology practice. 

Nextt to clinical parameters biochemical parameters can be used as diagnostic tools to predict 

thee course of the severity of an infection**. In this thesis we concentrated on predicting the 

coursee of one severe complication in oncology patients, i.e. neutropenic enterocolitis. 

Inn Chapter 4 we presented a prospective single center study gaining insight in the incidence 

andd pathogenesis of neutropenic enterocolitis in pediatric oncology patients. In this study twenty-

fivee patients were included (mean age 7.1 years) with suspected neutropenic enterocolitis. 

Eightt patients (32%) needed intensive care treatment, 3 (12%) patients died. Predictors of a 

severee clinical course of the enterocolitis were an increased serum IL-8 (>1000 pg/mL) and an 

increasedd serum CRP (>-150 mg/L). Relative risks for admission to ICU was 11,3 (95% CI 1.6 to 

77.9)) for elevated IL-8. Therefore IL-8 on the first day of suspected neutropenic enterocolitis 

cann be used as a predictive marker. 

Inn future studies it is important to try and prevent this severe complication. 

Iff you can prevent severe mucositis, this will most likely lead to less gastrointestinal damage and 

thereforee a decrease in the incidence of neutropenic enterocolitis. 
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AA phase 111 cross over designed study has recently started in 2 pediatric oncology centers (Sophia 

Children'ss hospital, Rotterdam and Emma Children's Hospital, Amsterdam) administering 

Transformingg Growth factor 8 (TGF-8) as a mouthwash and added to the food as an oral 

solutionn to pediatric oncology patients who are expected to develop a severe mucositis on the 

basiss of the chemotherapy given (Principal investigator Prof. R. Pieters: Sophia Children's Hospital, 

Rotterdam).TGF-88 is a growth factor present in many mammalian tissues. In vivo studies have 

shownn that the mucous membranes stabilize after adding TGF-8, because TGF-8 can inhibit the 

proliferationn of epithelial cells7* Chemotherapeutic drugs target rapidly proliferating cells. The 

capacityy of TGF-8 to down regulate the proliferation of the oral and gastro-intestinal epithelial 

cellss makes this growth factor of interest in possibly decreasing the chance for severe mucositis 

inn oncology patients9. This can consequently lead to decreasing the incidence of neutropenic 

enterocolitis. . 

Anotherr way to improve the human intestinal epithelial barrier function might be the introduction 

off probiotics in an early stage of the treatment. Probiotics have been defined as living organisms 

inn food and dietary supplements which upon ingestion improve the health of the host beyond 

thee inherent basic nutrition. In neonatal necrotizing enterocolitis interest has been shown in 

thee administration of Bifidobacterium infantis and lactobacillus acidophilus. Lactobacillus appears 

too have protective irnmunomódulating properties inducing a Th2 response. And Lactobacillus 

havee the ability to inhibit the adhesion of pathogenic bacteria to the intestinal wall 10. The 

pathogenesiss however in cancer patients is different, the interaction of chemotherapy, antibiotics 

andd damage to the gastrointestinal barrier may be more difficult to influence with probiotics, 

thiss makes the application of probiotics uncertain. 

Itt will not always be possible to prevent neutropenic enterocolitis. Therefore attention needs to 

bee given to the patients who are predicted to develop a severe neutropenic enterocolitis using 

biochemicall markers like IL-8 and CRP. Patients have a higher chance to recover if granulocytes 

aree present. A future intervention study could focus on administering granulocyte-transfusions. 

Forr many years this has not been advocated because of the limitations in collecting adequate 

dosess of leukocytes from healthy donors by steroid mobilization. The development and use of 

granulocytee colony stimulating factors to stimulate normal donors has generated renewed 

interestt in granulocyte transfusions. The yield of leukocytes collected from normal donors is 

high,, this could improve outcomes in patients with severe infections and severe neutropenia'112. 

AA Cochrane systematic review has recently been published on the use of granulocyte transfusions 

inn neonatal sepsis13. Four RCf s were identified. From these trials there is inconclusive evidence 

thatt the use of granulocyte transfusions leads to a reduction in morbidity and mortality. 

AA well designed randomised clinical trial is necessary to establish granulocyte transfusions as a 

viablee therapeutic modality in the treatment of severe bacterial and fungal infections in patients 

whoo are deeply neutropenic. 
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MBLL and predictio n of the cours e of infection s 
Iff biochemical markers are going to be used in risk assessment models it will become very 

importantt to understand the mechanisms of the innate immune system. This immune system 

playss a critical role in the first few days of infection. Why some individuals always develop 

infectionss and others don't might be linked to genetic differences M. For instance MBL deficiency 

hass been linked to longer febrile neutropenic episodes, and in other studies to more severe 

infections. . 

Inn Chapter 3 a pilot study is presented evaluating the role of mannan-binding lectin deficiency 

(MBL)) in pediatric oncology patients with neutropenic fever. Twenty four patients were 

prospectivelyy followed during an episode of febrile neutropenia. The incidence of MBL exon-1 

genee mutations and MBL-deficiency {<800 ng/L) was 32.5%. However, no correlation was 

foundd with either the severity or frequency of the infections, although a trend was found 

towardss a longer duration of neutropenia in the MBL-deficient group of patients. If we used 

thee cut-off value of 1000 ng/L (calculated with a ROC curve) there was a trend towards more 

bacteremia'ss 37.5% in the MBL insufficient group compared to 13.3% in the MBL sufficient 

group.. We evaluated a small cohort of patients, and results might change if the cohort is 

extended.. Kilpatrick et al55 found no relation with severity or frequency of infections in a large 

groupp of adult oncology neutropenic patients. These patients might be too neutropenic, therefore 

thee effect of MBL deficiency could be overshadowed, This might also be the case in our studied 

cohort.. Therefore it is important to extend the cohort to ultimately define a group who will 

benefitt most from substituting MBL, possibly the patients who receive their induction-period of 

chemotherapy. . 

Thee possibility is already present to substitute MBL. In 1995 the Statens Serum Institut (SSI, 

Copenhagen,, Denmark) began developing MBL concentrated plasma product, from pooled 

humann plasma for the treatment of patients with frequent infections associated with MBL-

deficiency.. A phase I trial has been completed investigating the safety and pharmacokinetics of 

MBLL in 20 adult MBL deficient volunteers (see product information SSI, Denmark, Kopenhagen). 

Thiss was completed without sideneffects being reported and good tolerability. Now a small 

phasee II trial has been designed and approved by thé ethical committee to find evidence in 12 

MBL-deficientt pediatric oncology patients for the correct prediction of plasma levels óf MBL, to 

confirmm the dosage regimen needed to reach the required MBL plasma level, and reconfirm the 

safetyy and lack of side-effects (Principal Investigator: Prof. T. Kuijpers. CLB Amsterdam). Together 

withh the data from the extended observational cohort study, this will gather the data needed 

too decide on a prospective randomised placebo-controlled phase HI efficacy study in pediatric 

oncologyy patients with MBL replacement therapy. 
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b)) Preventio n of infectio n 

Chapter ss 5,6 and 7 
Long-termm tunnelled central venous catheters (TCVC) are increasingly used in oncology patients, 

infectionss are a frequent complication of TCVC (Groeger,1993, 206:Press,1984,189). These 

infectionss are mostly caused by Gram-positive bacteria (Mermel,2000r391). The aim of the 

systematicc review as described in Chapter 5 was to evaluate the efficacy of antibiotics in the 

preventionn of early Gram-positive TCVC infections. MEDLINE, EMBASE, and the Cochrane 

Controlledd Trials Register were searched üp to July 2003. All randomized controlled trials (RCT) 

evaluatingg prophylactic antibiotics prior to insertion of the TCVC, and RCTs evaluating the 

combinationn of an antibiotic and heparin to flush the TCVC were included. Both pediatric and 

adultt oncology patient trials were selected. A total of 9 trials with 529 patients were included. 

Fourr reported on vancomycin/teicoplanin prior to insertion of the TCVC compared to no 

antibiotics,, and 5 on flushing of the TCVC with a vancomycin/heparin solution compared to 

heparinn flushing only. Both antibiotics prior to insertion of the catheter compared to no antibiotics 

andd flushing the TCVC with antibiotics and heparin showed a significant reduction in the number 

off Gram-positive TCVC infections. The respective Odds ratio's were [OR]=0.46: 95% confidence 

intervall 0.24-0.91 and [OR]=0.43, 95% CI 0.21-0.87). In oncology patients who need a TCVC 

andd are at high risk for Gram-positive infections it is justified to use the above interventions. This 

shouldd be implemented in clinical practice, especially in patients where the expected baseline 

infection-ratee exceeds 10%, such as hematological patients during induction-phase of therapy 

andd autologous and allogenic transplant patients. 

Otherr preventative strategies to reduce catheter-related infections have so far been restricted 

too short-term non-tunnelled catheters. Studies involving antimicrobial/antiseptic impregnated 

catheterss have all been performed in adult patients using non-cuffed catheters. Two meta

analysess have been performed on the use of chlorhexidine/silver sulfadiazine on the external 

luminall surface of the catheter 16-17. The studies analyzed showed a reduction in catheter-

relatedd bloodstream infections with a relative risk of 0.4. The benefit was realized in the first 14 

dayss of placement of the catheter. Resistance to the chlorhexidine-silver sulfadiazine catheter 

hass not been demonstratedd in clinical studies. Newer generations of these catheters now coat 

thee external surface with three times the amount of chlorhexidene and silversulfadiazine and 

thee internal surface is only coated with chlorhexidene. Results have shown that prolonged anti-

infectivee activity provides improved efficacy in preventing infections18. These catheters may be 

recommendedd in patient populations in which the infection-rate exceeds 3.3 per 1000 catheter 

dayss 19. A more recent alternative is to impregnate catheters with minocycline /rifampin. This 

hass been shown to be 12 x more effective than the first generation chlorhexidine/sulfadiazine 

impregnatedd catheters 20, however no trials have been done comparing this catheter to the 

secondd generation chlorhexidine /silversulfadiazine ones. This catheter does however seem 
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promisingg in patients with an expected duration of the catheter of 3 weeks. So far these 

strategiess can not be used in long-term tunnelled catheters. 

Otherr ways to prevent infection in cuffed catheters is the use of ionic silver in subcutaneous 

collagenn cuffs attached to the central venous catheter31. The ionic silver provides antimicrobial 

activityy and the cuff is a mechanical barrier to the migration of micro-organisms along the 

externall surface of the catheter. However, this model is not very effective in reducing catheter 

relatedd bloodstream infections in catheters that need to be in place for at least 3 Weeks 2Z. 

Seguraa et al a introduced a new hub model to decrease endoluminal catheter contamination 

andd catheter-related sepsis. This hub consists of a closed chamber containing 0.2 ml 3% iodinated 

alcoholl (6 mg iodine). In this RCT the incidence of catheter related sepsis decreased with the 

usee of this system in short-term catheters. No trials have so far been performed with this new 

hubb in long-term tunnelled central venous catheters. Features of concern for long-term tunnelled 

centrall venous catheters are the iodine stability and the long-term hub concealment. 

Ann alternative method of treatment of central venous catheter related infections is the use of 

antibiotic-lockk therapy, first reported by Messing et al24, this is the introduction of a concentrated 

antibioticc solution into the catheter to "dwell" for an extended time. In this study 90% of the 

infectionss were treated successfully. So far only open trials have been done in tunnelled catheter-

relatedd bacteremia, with or without additional parenteral antibiotic therapy. With antibiotic-

lockk more catheters were salvaged. For instance vancomycin has been used in a dosage of 1-5 

mg/mLL mixed with 50-100U of heparin and 2-5 mis are instilled into the catheter to "dwell" for 

122 hours 24-25. The duration of treatment has varied, but it is most often 2 weeks 24;26. Up to 

datee no RCT's have been performed in patients with cancer. Therefore future trials are needed 

andd antibiotic lock therapy should not be common practice as yet. 

AA further aspect in preventing infections in oncology patients was reviewed in Chapter 6. In 

thiss chapter a systematic review is presented to assess the evidence for the effectiveness of 

selectivee gut decontamination (SDD) to decrease bacteremia and infection-related mortality 

duringg neutropenic episodes in oncology patients. Medline, Embase and the Cochrane Library 

issuee 2,, 2002 were searched. The main outcome was the number of patients with documented 

bacteremia'ss (Gram-negative or Gram-positive bacteremia) and infection related mortality. A 

totall of 21 studies met the inclusion criteria. The incidence of Gram-negative bacteremia's 

significantlyy decreased and showed an OR of 0.39 {95% CI 0.24-0.63). Infection related mortality 

duee to bacterial causes decreased with the use of SDD, an OR of 0.49 was seen {95% CI 0.27-

0.88).. In conclusion this systematic review has shown that TMP/SMZ or quinolone based SDD 

regimenn started before the onset of neutropenia reduces Gram-negative bacteremia and infection 

relatedd mortality in neutropenic oncology patients. From our results we highly recommend the 

usee of TMP/SMZ or quinolone prophylaxis to cancer patients with a high baseline risk for 

infections,, such as patients with hematological malignancies, autologous and allogenic bone-
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marroww transplant patients and solid tumour patients who have an expected neutropenia of at 

leastt 7 days. 

AA similar debate has been held in the 1CU as to whether or not antibiotic prophylaxis should be 

usedd to prevent or decrease respiratory tract infections. Although the eridpoints in ICU patients 

aree different, namely respiratory tract infections and the method of SDD in these patients 

differss from oncology patients, also in this ICU group the lack of a standard protocol and 

insufficientt numbers have made it difficult to derive meaningful conclusions from individual 

clinicall trials. Recently a well designed randomised controlled trial was performed in an ICU 

settingg with the inclusion of 934 patients, assessing the effect on ICU mortality, hospital mortality 

andd the acquisition of resistant bacteria 27. The SDD given was polymyxin E, tobramycin, and 

amphotericinn B combined with a 4 day course of intravenous cefotaxime. In the SDD group 

15%% of patients died in ICU versus 23% in the control group. Resistant Gram-negative or Gram-

positivee organisms were found in 16% of the SDD patients and in 26% of the control patients. 

Theirr conclusion is, SDD can decrease ICU and hospital mortality and colonization with resistant 

Gram-negativee aerobic bacteria in a setting with low prevalence of vancomycin-resistant 

enterococcusenterococcus and methicillin-resistant Staph, aureus. At the same time a Cochrane review was 

publishedd addressing the same question 28. In the 16 included trials that tested a combination 

off topical and systemic antibiotics, there was a significant reduction of both respiratory tract 

infectionss (OR 0.35 CI 0.29-0.41) and total mortality (OR 0.80 C! 0.69-0.93). The design of the 

revieww did not allow conclusions to be drawn on resistance data. However, the data of this 

systematicc review and the large RCT provide evidence that this strategy should be implemented 

inn clinical ICU practice. 

Too improve our understanding of other supportive care issues systematic reviews on the research 

performedd are useful. A problematic aspect in pediatric oncology even in multi-centre trials is 

thee number of patients involved in the trial. Because the size of the group is small it is often 

difficultt to detect a significant difference in the effects of two therapies given. Therefore 

systematicc reviews should be considered essential tools for researchers and healthhcare workers. 

Systematicc reviews allow a more objective appraisal of the available evidence and contribute to 

resolvee uncertainty when original research, reviews and editorials disagree. Meta-analysis, if 

possible,, reflects a weighted average of thé results in which larger trials have more effect than 

smallerr trials. If there is no heterogeneity between the included studies an overall effect can be 

presentedd with a confidence interval. Systematic reviews can then contribute to considerations 

regardingg the applicability of the study results. Systematic reviews are also important to define 

areass in which further trials are Warranted 29. The quality of these reviews will only improve if 

groupss collaborate as is advocated in the Cochrane Collaboration Method group. Until now 

pediatricc oncology was reviewed by the Cochrane Orphan group, but fortunately as from 2004 

pediatricc oncology will have its own Cochrane Childhood Cancer Review group (Dr.LC.M. Krémer, 

EKZ/AMCC Amsterdam, in collaboration with the Dutch Cochrane Center). 
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Inn chapte r 7 we presented a prospective study on vaccinating IgG-negative children with cancer 

inn an early stage of their disease with the live-attenuated VZV vaccine. We achieved 72.7% 

seroconversionn after the first dose. This is the first cohort of pediatric patientss with cancer who 

receivedd the VZV vaccine without interrupting the chemotherapy and the first cohort where the 

vaccinee is introduced in a relative early phase of the chemotherapy. This study demonstrates 

thatt it is possible to administer this live attenuated vaccine during chemotherapy. Although the 

seroconversionn is somewhat lower than in the study of LaRussa et al"  who vaccinated 509 

leukemicc children in the maintenance phase, with suspension of the chemotherapy, our study 

iss promising in decreasing the incidence of varicella zoster infection during chemotherapy 

treatmentt and most important decreasing complications due to varicella zoster infection. 

Onee option to decrease varicella infection is to immunize all children, as part of a routine 

vaccinationn programme. This is now done in the USA. 

Inn the USA varicella vaccine has been licensed since 1995, Vaccine coverage assessed by the 

20000 National Immunization survey in the USA was 68%. In order to achieve disease control 

vaccinationn coverage of over 90% is needed31. It has been proven that the incidence of admissions 

forr varicella and complications thereof have decreased significantly since the introduction of 

thee routine varicelfa immunization programme. The future lies in total prevention of varicella by 

achievingg an adequate vaccination coverage. Before this coverage has been achieved it is 

extremelyy important to recognize the "at high risk" patient (immuno compromised patients 

andd pregnant women) who are at even higher risk of complications because of the relative low 

herdd immunity32. Furthermore other countries do not find vaccinating all children to be cost-

effective.. The risk of complications in "normal" children is so low, that this does not warrant 

routinee immunization. Thus in both these groups it will be of extreme importance to offer 

seronegativee immunocompromised patients varicella protection as soon as possible after 

diagnosis. . 

Ourr cohort of patients will be extended obtaining more data on time to seroconversion, adverse 

effectss and seroconversion after a second dose of vaccine. 

Inn patients acquiring varicella infection or herpes zoster infection oral treatment has improved. 

Itt is known that aciclovir has poor oral bioavailabity and therefore should be dosed at least 5x 

perr day. Newer drugs are available, valaciciovir and famciclovir. These drugs are rapidly converted 

too aciclovir and the bioavailability is 3-5x higher than that of oral aciclovir in humans33. This 

resultss in improved benefit, and most likely improved compliance. These drugs are not registered 

forr pediatric use yet. Future trials should focus on the efficacy of these newer drugs in immuno

compromisedd children. 

Overal ll  conclusio n 
Manyy aspects of preventing and predicting infections in pediatric oncology patients have been 

addressedd in this thesis. Proposals for future trials have been presented. The results of future 
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prospectivee trials and the evidence acquired f rom systematic reviews, will allow the best available 

treatmentt of infectious complications to be applied t o our pediatric oncology patients. 
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Implicationss for clinical practice and future trials 

Implication ss for clinica l practic e 

IL-SS and CRP should be measured on day 1 of clinical suspect neutropenic enterocolitis to 

stratifyy patients who have a high chance of being admitted to ICU and those at low risk of 

aa severe course of neutropenic enterocolitis, tn the high risk group inotropic support should 

bee given in an early stage. 

Inn patients who need a tunnelled central venous catheter, and who are at high risk of 

infectionss it should be implemented to give Gram-positive antibiotic cover prior to insertion 

off the catheter, or to flush the catheter with the combination of an antibiotic and heparin. 

Inn patients at high risk of infections during neutropenic episodes SDD (TMP/SMZ or 

quinolones)) should be used started prior to the onset of neutropenia. 

Routinee vaccination of VZV IgG-negative pediatric oncology patients is not yet warranted. 

Implication ss for futur e researc h 

Thee prevention of mucositis will ultimately lead to the prevention of neutropenic enterocolitis. 

Ongoingg phase HI cross over designed trial administering TGF-8 (Transforming growth 

factor)) as a mouth wash and added to the feeds as oral solution, to pediatric patients who 

aree expected to develop a severe mucositis on the basis of the chemotherapy given. 

Interventionn trial in the predicted high-risk group of patients for neutropenic enterocolitis. 

Iff the high-risk group of patients is identified in an early stage of the disease, a RCT needs 

too be designed to administer granulocyte-transfusions to the high-risk group of patients, 

andd to evaluate the severity and outcome of the neutropenic enterocolitis. 

Too extend the cohort of patients in which genotyping of MBL and serum levels of MBL are 

followedd during febrile neutropenic episodes, gaining insight in the relation of MBL-deficiency 

andd severity of infections. This allows us to identify the group of patients who might 

benefitt most from MBL-substitution. 

Inn vivo studies on tunnelled catheters to develop a coating system that will lead to reduction 

off catheter related infections for the entire duration of the catheter, without developing 

resistantt organisms 
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Withh our systematic review it was shown that Gram-positive catheter related infections 

cann be decreased by using antibiotics prior to insertion of the catheter or flushing the 

Catheterr with an antibiotic and heparin. In the treatment of Gram-positive catheter related 

sepsiss antibiotic lock therapy has proven to be of benefit in immuno-competent patients. 

Noo trials sofar have been performed in the irnmuno-cornpromised pediatric patient. 

Thereforee a randomised controlled trial needs to be performed, to apply antibiotic-lock 

therapyy with or without systemic therapy to treat the Gram-positive catheter related 

infection. . 

Ourr preliminary study on vaccinating IgG-negative pediatric oncology patients in an early 

stagee of their disease showed a high seroeonversion-rate and is therefore promising. Before 

implementingg this vaccination routinely a large trial on vaccinating IgG-negative VZV 

pediatricc oncology patients early during treatment is necessary to gain further insight in 

immunogeneity,, efficacy and adverse effects. 
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Generall  overvie w 
Infectionss in patients with cancer remain an important problem. Therefore this thesis focused 

onn prediction and prevention of infectious complications in patients with cancer. 

Thee first part of this thesis focusses on immunological parameters as possible predictor s of 

severit yy  of infection, such as the significance of mannose-binding lectin in infectious 

complications,, and the role of cytokines in predicting the severity of the clinical course of 

neutropenicc enterocolitis. 

Thee second part of the thesis focuses on preventio n of infections . Three aspects will be 

discussed:: 1) prevention of Gram-positive catheter-related infections; 2) prevention of bacteremia 

duringg episodes of neutropenia using selective decontamination of the digestive tract (SDD) 3) 

preventionn of varicella in varicella-zoster virus (VZV) IgG-negative children with cancer. 

Byy gaining more insight in predicting and preventing infectious complications during the 

treatmentt of cancer patients, care and management of infections in this group of patients will 

improve. . 

Inn Chapte r 1 a general overview is presented on epidemiological aspects, causes and 

complicationss of infections in oncology patients. Two infections which can cause serious 

complicationss are discussed in more detail. These are neutropenic enterocolitis, bowel wall 

inflammationn during deep neutropenia, and varicella zoster (VZV) infection which can lead to 

seriouss complications in patients who are neutropenic and not protected against VZV. 

Inn Chapte r 2 a retrospective study is presented on risk-factors for infection in a single oncology 

unitt in South-Africa. Limited data are available on infectious complications in pediatric oncology 

patientss in countries, where most patients come from rural area's. Most children are admitted 

inn an advanced stage of their disease. The poor housing circumstances, the long travel distances 

andd therefore the long duration of hospitalization might influence the risk for infection. Between 

19911991 and 1995 all data on positive blood-cultures in pediatric oncology patients were collected, 

afterr which the medical records were studied. 200 separate episodes of bacteremia were 

recordedd in 83 patients. Of these 200 episodes 83 were first bacteremic episodes. Of the 83 

firstt bacteremic episodes 8 ended in death of the patient. Mainly Gram-negative organisms 

weree seen, resistant Acinetobacter Baumanii played a major role. In the following bacteremic 

episodess fungal organisms were more important, mainly Candida parapsilosis. A risk-factor for 

infectionn was the presence of a tunnelled central venous catheter (CVC). The mean incidence 

off catheter related infections was 3.3 episodes per 1000 catheter days. Of all fungal infections 

64%% were reported in children with a CVC. Striking finding was the high incidence of Gram-

negativee organisms and a relative low incidence of Gram-positive organisms. Cause of the 

increasedd incidence of resistent Acinetobacter Baumanii and fungal organisms is most likely the 

longg hospital-stay of these patients (mean 83 days) which could lead to higher rates of 
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colonizationn and indirect transmission between patients. Gaining insight in infectious 

complicationss in this group of patients allows us to consider intervention trials to reduce Gram-

negativee and fungal infections. 

Chapte rr  3 and 4 focu s on predictio n of the severit y of the cours e of the infectio n 
Inn Chapte r 3 a pilot study is presented evaluating the role of man nan-bind ing lectin deficiency 

(MBL)) in pediatric oncology patients with neutropenic fever. MBL is a serum protein produced 

inn the liver that plays a critical role in the innate immune response. 25% of the normal population 

iss MBL deficient. This deficiency is recognized clinically in patients with co-existing immune-

defects.. Possibilities are now available to start replacement therapy with MBL. A prospective 

studyy needs to gain insight in the patients who will benefit most from replacement therapy 

withh MBL. Over a period of 8 months all pediatric oncology patients who were expected to 

becomee neutropenic were considered for inclusion. From these patients MBL genotyping and 

MBLL serum levels were performed. The clinical outcome parameters looked at were duration of 

fever,, duration of neutropenia, signs of septicemia, intensive care admission and mortality due 

too infection. Fourty patients were genotyped of which 24 (60%) had a febrile neutropenic 

episode.. The incidence of MBL exon-1 gene mutations was found to be 32.5% and the incidence 

off MBL-deficiency (<800 ïg/L) was 32.5%. No correlation was found with either the severity or 

frequencyy of the infections, although a trend was found towards a longer duration of neutropenia 

inn the MBL-deficient group of patients. Most of the included patients were not "newly diagnosed" 

patientss but had been on chemotherapy at least several months (median 8 months, range 0-59 

months).. 70% of all patients presented with a severe neutropenia (<100x10 9/L). Because of 

thee severe neutropenia the effect of MBL deficiency might be completely overshadowed. We 

willl extend this cohort with "newly diagnosed" patients to identify the subset of patients who 

mightt benefit from mannan-binding lectin substitution. 

Inn Chapte r 4a a case-report is presented describing 2 patients with an enterocolitis. In the first 

patientt this was caused by Clostridium difficile and in the second patient no organism was 

found,, but the pathological severity resembled a typhlitis-like picture. In Chapte r 4b a prospective 

studyy is presented of 25 pediatric oncology patients admitted between 1998 and 2002 with 

thee clinical suspicion of neutropenic enterocolitis. Inclusion criteria were fever, neutropenia, 

abdominall pain and diarrhea. 8 of these children were admitted to ICU. On day 1,3 and 7 

clinicall parameters and laboratory parameters were done, this also included a rectoscopy on 

dayy 1 and immunological parameters (CRP, IL-8, IL-6 and IL-1Ö) on day 1,3 and 7. The main 

findingss of the study showed that clinical parameters, rectoscopy, and blood or stool-cultures 

didd not predict the severity of the course of neutropenic enterocolitis. Immunological parameters 

weree better predictors. If CRP on day 1 >150 mg/L then the chance of admittance to ICU was 

6.4xx higher than in children with the same complaints and a lower CRP. For IL-8 this difference 
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wass even more significant. The chance of ICU admission was 11.3 x higher if IL-S>1000 pg/mL, 

66 out of 7 ICU admissions had a level>1000 pg/mL, compared to 2 out of 16 non-ICU patients. 

Inn this cohort of patients \IS was considered the best predictor of severity of the clinical course 

off neutropenic enterocolitis. Future trials will he directed at intervention of the high risk patients, 

possiblyy by starting inotropics early, or giving granulocyte-transfusions. 

Chapte rr  S, 6 and 7 focu s on preventio n of infectio n 
Inn Chapte r 5 a systematic review is presented on the use of prophylactic antibiotics to prevent 

Gram-positivee catheter-related infections. One of the main complications of a tunnelled central 

venouss catheter is the risk for infection. Most catheter-related infections are caused by Gram-

positivee organisms. There is no consensus on the use of prophylactic antibiotics to prevent 

Gram-positivee catheter-related infections. Therefore this review was done. All randomized trials 

onn both adult and pediatric oncology patients between 1966 and 2003 were searched. 33 

trialss were identified and 9 could be included. 4 trials reported on vancomycin or teicoplanin 

beforee insertion of the catheter, and 5 trials reported on flushing the catheter with a combination 

off vancomycin and heparin. In the 4 trials reporting on antibiotics before insertion of the 

catheter,, there were 17 patients with a Gram-positive catheter related sepsis in the group 

receivingg antibiotics (n=95) and 30 patients in the control group (n=92). The Odds ratio found 

wass 0.46 (95 % CI 0.24-0.91). In the 5 trials reporting on flushing the catheter with vancomycin 

andd heparin, there were 13 patients with a Gram-positive catheter related sepsis in the group 

receivingg the flushing method of vancomycin and heparin (n=153) and 31 patients in the 

controll group (n=189). The Odds ratio found was 0.43 (95% CI 0.21-0.87). The conclusion is 

thatt both interventions in a high-risk patient are beneficial. To apply the above strategies will 

dependd on the base-line infection risk of the patient. Patients with hematological malignancies 

andd bone-marrow transplant patients will benefit from prophylactic antibiotics prior to insertion 

off the catheter or flushing the catheter with the combination of vancomycin and heparin to 

preventt Gram-positive catheter-related infections. 

Inn Chapte r 6 a systematic review is presented on the efficacy of the use of selective gut 

decontaminationn in oncology patients. This strategy has been known since the early 70's. 

Gram-negativee bacteremia's are decreased with effective use of the SDP. 

Noo consensus on it's use has been achieved, mainly because the effect on decreasing infection-

relatedd mortality was not known, and the fear for creating resistant strains. 

AA systematic review was performed including all randomized trials between 1966 and 2002. A 

totall of 21 trials met the inclusion criteria. Seventeen trials compared SDD (quinolones or 

Trimethoprim/sulfamethoxazolee (TMP/SMZ)) to no SDD, and 4 trials compared quinolones to 

TMP/SMZ.. The incidence of Gram-negative bacteremia's significantly decreased. There were 59 

patientss in the control group with a Gram-negatieve bacteremia (n=517) and in the SDD group 
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255 patients (n=530). The OR was 0.39 (95% CI 0.24-0.63). Quinolone-based regimens showed 

aa stronger reduction in Gram-negative bacteremia's, and TMP/SMZ based regimens showed a 

strongerr reduction in Gram-positive bacteremia's. Infection related mortality due to bacterial 

causess decreased with the use of SDD. There were 23 patients who died of an infectious cause 

inn the SDD group (n=564) and 39 patients in the control group (n=551). An OR of 0.49 was 

foundd (95% CI 0,27-0.88).. 

Fromm our results we consider that TMP/SMZ or quinolone prophylaxis should be administered 

too cancer patients with a high baseline risk for infections, such as patients with hematological 

malignancies,, autologous and allogenic bone-marrow transplant patients and solid tumor patients 

whoo have an expected neutropenia of at least 7 days. 

Inn Chapter 7 the focus is on prevention of varicella zöster infection in pediatric oncology 

patients.. One patient is presented in Chapte r 7a. Until now many trials have been performed 

onn administering live attenuated varicella vaccine to this group of patients. In the trials performed 

chemotherapyy was stopped one week before and two weeks after the vaccination. 

Seroconversionn occurred in 95% of vaccinees after 2 doses of vaccination. In Chapter 7b a 

prospectivee pilot-study is presented. This is the first cohort of pediatric oncology patients who 

receivedd the attenuated live varicella zoster vaccine in a relative early phase of the chemotherapy 

withoutt interrupting the chemotherapy. Eleven patients with either a hematoligical malignancy 

(n=8)) or a solid tumor (n=3) were vaccinated with VZV vaccine during chemotherapy. 

Seroconversionn occurred in 8 of the 11 patients (72.7%). The only adverse effects consisted of 

aa mild rash (50-200 lesions). In none of the patients chemotherapy needed interruption. This 

studyy demonstrates that it is feasible to administer VZV-vaccine in an early stage of chemotherapy 

withoutt interruption of the chemotherapy, This will largely reduce the incidence of severe 

varicellaa during the complete course of chemotherapy. Larger cohorts of pediatric oncology 

patientss will be required to determine the benefit of this strategy compared to the strategies 

studiedd so far. 

Inn the closing Chapter 8 all the results found on predicting the course of severity of infection 

andd preventing infections are further discussed and proposals for future trials are given; 

mannan-bindingg lectin substitution in MBL-deficient oncology patients, 

interventionn trials on high risk neutropenic enterocolitis patients such as the administration 

off granulocyte transfusions or substitution of endothelial growth factor. 

Trialss on VZV vaccine achieving a higher conversion-rate in oncology patients without 

stoppingg chemotherapy, dertermining the time to boost these patients, and gaining more 

insightt in response to household contacts after vaccination. 

Implementationn of systematic reviews in clinical practice 
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Hett overlevingspercentage van kinderen met kanker ligt rond de 70%. Tijdens de behandeling 

vormenn infecties nóg steeds een groot probleem. Het eerste deel van het proefschrift beschrijft 

onderzoekk om de ernst van een infectie te voorspellen. In het tweede deel van het proefschrift 

wordtt aandacht besteed aan methoden om infecties te voorkomen. 

Inn Hoofdstu k 1 wordt een algemeen overzicht gegeven over infecties en de complicaties hiervan 

inn de oncologie. Bij oncologische patiënten verdacht van een infectie wordt er bij 12-17 % 

daadwerkelijkk een bacterie of een schimmel gevonden worden. Bij de volwassenen sterft 4-6% 

vann de patiënten ten gevolge van een infectie, bij kinderen is dit 0.6-1 %. De organismen, welke 

hett meeste voorkomen zijn Gram-positieven (bv coagutase negatieve staphylöcoccen), maar de 

meestt ernstige infecties die voor kunnen komen zijn de Gram-negatieve organismen en schimmel 

infecties.. Het is van groot belang om bij kinderen met koorts in aplasia niet te wachten met de 

behandelingg voor infectie, maar hier zo spoedig mogelijk aan te beginnen. Het is bekend dat er 

verschillendee risicofactoren zijn welke leiden tot hét ernstig of minder ernstig verlopen van 

dezee koorts in aplasie episode. Zowel klinische tekenen als bepaalde laboratorium waarden 

kunnenn het verloop en de ernst van deze infecties voorspellen. Hierop is het eerste deel van het 

proefschriftt gericht. 

Inn Hoofdstu k 2 wordt een onderzoek beschreven naar risico-factoren voor infecties in kinderen 

behandeldd voor kanker in Zuid-Afrika. Dit zijn kinderen die vaak in een laat stadium van hun ziekte 

wordenn opgenomen en waarbij de opname duur veel langer is dan in westerse landen vanwege 

dee lange reisafstanden naar hun huis. Tussen 1991 en 1995 werden alle positieve bloedkweken 

(dwzz als er een bacterie of een schimmel in het bloed werd aangetoond) bij 83 kinderen met 

kankerr nagekeken. Er werden 200 positieve bloedkweken vastgesteld, waarvan 83 positieve 

bloedkwekenn als eerste episode werden geregistreerd. Het betrof 70% Gram-positieve organismen, 

20%% Gram-negatieve organismen en 10% schimmel-infecties. Van de 83 eerste bacteriële episoden 

eindigdenn 8 in de dood van het kind. Hier speelden Gram-negatieve infecties een belangrijke rol. 

Inn de volgende episoden van positieve bloedkweken speelden schimmel-infecties een voorname 

rol.. Een duidelijk risicofactor in deze groep patiënten was het aanwezig zijn van een centraal 

veneuss getunnelde catheter. Alle kinderen hadden een Broviac of Hickman catheter (een chirurgisch 

ingebrachtee lijn die gebruikt wordt voor het toedienen van de chemotherapie, vocht en 

bloedproducten).. Van alle schimmeMnfecties kwamen 64% voor in kinderen met een Broviac/ 

Hickmann catheter. Verder was opvallend dat er veel Gram-negatieve infecties voorkwamen in 

dezee kinderen met getunnelde lijnen, vooral infecties die resistent waren tegen de meeste 

antibiotica.. Oorzaak van zowei de schimmel-infecties als de Gram-negatteve infecties was 

waarschijnlijkk de langdurige hospitalisatie van deze kinderen. Inzicht in risico-factoren, welke 

organismenn een rol spelen en welke organismen tot de dood van de patient leiden maakt een 

beteree begeleiding van de oncologische patient tijdens een infectie episode mogelijk. 
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Inn Hoofdstu k 3 wordt er onderzoek gedaan naar de rol van het afweer systeem voor het 

ontwikketenn van een ernstige infectie. De afweer bestaat uit een vroege afweer die werkt in de 

eerstee dagen van een infectie en een afweer die daarna begint, waar al een soort geheugen is 

opgebouwdd voor het vechten tegen de infectie. Mannose bindend lectine (MBL) is onderdeel 

vann dat deel van het immuun-systeem dat een rol speelt bij de vroege opvang van een infectie. 

Hett is een eiwit dat in de lever wordt gemaakt en dat bij 25% van de bevolking verminderd 

aanwezigg is. Als deze mensen een infectie krijgen dan kunnen zij hier toch goed tegen vechten 

omdatt de rest van het afweersysteem normaal functioneert. Maar als er nog een andere afweer-

stoorniss bij komt, zoals in patiënten met kanker, dan is het mogelijk dat in mensen met een 

tekortt aan MBL er meer ernstige infecties kunnen ontstaan. Er zijn 6 studies verricht zowel bij 

volwassenenn als bij kinderen waarin gekeken wordt naar de relatie tussen het verminderd 

aanwezigg zijn van het MBL en de ernst van de infecties. Tot nu toe was er nog maar één studie 

gedaann in kinderen en die studie liet zien dat in die kinderen een langere duur van de neutropenie 

werdd aangetoond. Om meer gegevens over kinderen te verkrijgen is er door ons in het AMC 

eenn studie verricht over een periode van 8 maanden (februari 2003 - octóber 2003). Hierbij 

werdd van alle kinderen die behandeld werden voor kanker het MBL gen én de MBL waarde in 

hett bloed bepaald. Er werd gekeken naar de ernst van de infectie en de duur van de neutropenie. 

Err werd bij 40 kinderen een MBL genotype bepaald. Van deze kinderen had 32.5% een afwijkend 

genotype.. Dit komt overeen met wat in de literatuur gevonden wordt. Van deze 40 kinderen 

ontwikkeldenn 24 koorts terwijl de afwéërcellen laag waren. Er kon geen verschil worden 

aangetoondd in ernst van de infecties bij de groep die een tekort aan het eiwit had vergeleken 

mett de groep die dit tekort niet had. Het leek alsof de groep met een MBL tekort een langere 

duurr van de neutropenie ondervond, nét zoals in de eerdere studie. Het aantal patiënten zal 

uitgebreidd worden om meer te zeggen over de voorspellende waarde van een MBL tekort bij 

kinderenn met kanker. 

Hoofdstu kk 4 besteedt aandacht aan een ernstige infectiéuze complicatie in patiënten met 

kanker,, neutropene enterocolitis, (een ernstige ontsteking van de darm). In Hoofdstu k 4a 

wordtt het ziektebeloop van 2 patiënten beschreven. Door tijdige herkenning van dit ziektebeeld 

enn het bieden van intensieve zorg konden beide patiënten goed behandeld worden en hadden 

beidenn daarna geen klachten meer. In Hoofdstu k 4b wordt een studie beschreven waarbij 

tussenn 1998 en 2002 alle kinder-oncologische patiënten werden ingesloten met koorts, lage 

afwéërcellen,, buikpijn en diarrhee klachten. Dit waren 25 kinderen, waarvan 8 kinderen op de 

intensivee care (IC) opgenomen moesten worden. Op dag 1, 3 en 7 van de klachten werden 

zowell klinische als laboratorium gegevens verzameld. Alle kinderen ondergingen een rectoscopie 

opp de eerste dag van de klachten (waarbij er met een lampje in het laatste deel van de darm 

wordtt gekeken en er tegelijkertijd stukjes darmweefsel kan worden verwijderd om onder de 

microscoopp te bekijken), en bij alle kinderen werd bloed-onderzoek verricht. De belangrijkste 
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resultatenn van het onderzoek toonden dat de reetoscopie geen voorspellende waarde had voor 

dee ernst van het verloop van de neutröpene enterocolitis, ook bloed en ontlasting kweken konden 

niett voorspellen welke kinderen een ernstiger klinisch beloop zouden tonen, maar de 

immunologïsehee parameters wel (bepaalde waarden van het afweersysteem). De belangrijkste 

waardee was het interleukine 8 (IL-3). De kans op een ernstig verloop van een neutröpene 

enterocolitiss is 11.3 keer zo hoog bij een waarde van IUS boven 1000 pg/mL dan wanneer die 

waardee onder 1000 pg/mL ligt. lL-8 in óeze patiënten vormde een sterke voorspellende factor 

voorr het beloop van de neutröpene enterocolitis. Het is aan te raden in die groep patiënten vroeg 

tee starten met intensieve ondersteunende behandeling, dus bv. in een vroeg stadium naar de 

Intensivee Care. 

Inn Hoofdstu k 5 wordt een 'systematische review' gepresenteerd. Zoals uit de literatuur duidelijk 

iss en ook vanuit ons onderzoek in Zuid-Afrika blijft de centraal veneuze getunnelde lijn een 

risico-factorr voor het ontstaan van infecties. De meeste infecties worden dan veroorzaakt door 

Gram-positievee organismen. Binnen de oncologie bestaat geen consensus over het gebruik van 

antibioticaa om catheter-gerelateerde infecties te voorkomen. Dat kan bv. door het geven van 

antibioticaa vlak voordat de catheter wordt ingebracht. Daarom is er in dit hoofdstuk gekeken 

naarr alle gerandomiseerde studies die hierover gepubliceerd zijn tussen 1966 en 2003 in zowel 

volwassenenn als kinder-oncofogischë patiënten. Alle studies die aan de selectie criteria voldeden 

werdenn vervolgens door 2 reviewers volgens kwaliteits lijsten gescored. Vervolgens werd een 

statistischee analyse toegepast, waarbij gekeken werd of de studies onderling niet dusdanig 

verschildenn dat ze niet bijelkaar genomen konden worden. Er werden 33 studies gevonden 

waarvann er uiteindelijk 9 geincludeerd werden. Van deze studies rapporteerden 4 over het 

gevenn van vancomycine/teicoplanine voor het inbrengen van de lange lijn en 5 studies 

rapporteerdenn over het doorspuiten van de lange lijn met een combinatie van een antibioticum 

enn heparine. In de 4 studies waar antibiotica voor inbrengen van de lijn gegeven werd waren er 

177 patiënten met een catheter infectie (n=95) en in de controle groep(n=92) waren dit 30 

patiënten.. In de 5 studies waar de lijn doorgespoeld werd met de combinatie vancomycin en 

heparinee waren er 13 patiënten met een catheter infectie {n=150) en in de controle groep (n=189) 

warenn dit 32 patiënten. Beide methoden tonen een gunstig resultaat, dwz de statistische maat, 

oddss ratio genoemd, toont dat het gunstig is een van beide interventies toe te passen. Om te 

voorkomenn dat er resistentie gaat optreden tegen een van de gebruikte antibiotica is het verstandig 

hett infectie-risico van de patient in ogenschouw te nemen. Bij patiënten die beginnen met de 

behandelingg voor leukemie, bij patiënten die laag in hun afweercellen zitten en bij 

beenmergtransplantatiee patiënten is het zeker geoorloofd een van beide interventies toe te passen. 

Inn Hoofdstu k 6 wordt eveneens een 'systematic review' gepresenteerd waarbij het gaat over 

hett toedienen van selectieve darnvdeconta mi natie (SDD) aan oncologische patiënten waarvan 
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verwachtt wordt dat zij lage afweer cellen zullen krijgen. SDD is het geven van antibiotica oraal 

voordatt de afweercellen laag zijn, om er voor té zórgen dat organismen in het maag-darm 

kanaall die je ziek kunnen maken uitgeroeid worden en daardoor niet meer in de bloedbaan tot 

ernstigee infecties kunnen leiden. Sinds de jaren 70 is deze strategie al bekend, Er is echter in de 

wereldd geen consensus over het gebruik van SDD, dit komt vooral omdat het niet bewezen is 

off het gebruik van SDD er toe kan leiden dat patiënten minder aan infecties dood zullen gaan 

doorr het op tijd gebruiken van de SDD. Ook hier werden alle studies op een rij gezet tussen 

19666 en oktober 2002. Er werden totaal 21 studies geincludeerd. Hiervan waren 17 studiéis die 

SDDD (Bactrimel of quinolohe) vergeleken met geen SDD, en 4 studies vergeleken Bactrimel met 

quinolonenn (zoals Ciproxin). Er werd een kwaliteitsanalyse uitgevoerd door 2 onafhankelijke 

artsen.. Vervolgens werd de metâ analyse verricht. Uit de analyse blijkt het aantal Gram-negatieve 

infectiess significant vermindert bij het geven van SDD. Van 59 patiënten meteen Gram-negatieve 

infectiee in de controle groep (n=517) naar 25 patiënten in de SDD groep (n-530). Er kon ook 

wordenn aangetoond dat het aantal patiënten dat overlijdt ten gevolge van een infectie vermindert 

mett het gebruik \far\ SDD. Van 39 patiënten die in de controle groep overlijden ten gevolge van 

eenn infectie (n=551), naar 23 patiënten in de SDD groep (n=564). Indien er een hoog risico 

bestaatt voor infectie (meer dan 10%) dan is het zeker geoorloofd SDD voor te schrijven, welk 

antibioticumm dan de voorkeur verdient is uit bovenstaande review niet te herleiden. Net als in 

hett voorgaande hoofdstuk is ook hier van belang te zorgen dat er zo min mogelijk resistentie 

ontstaat.. Daarom is het belangrijk goed te realiseren dat alleen patiënten met een kans op 

infectiee van meer dan 10% de meeste baat zullen hebben bij het gebruik van SDD. 

Hoofdstu kk 7 gaat over de preventie van waterpokken, en vooral het voorkomen van de 

complicatiess van waterpokken. Kinderen, die niet beschermd zijn tegen Waterpokken en ook 

kankerr hebben, kunnen waterpokken in een ernstige mate krijgen met een groot risico op 

infectiess en andere ernstige complicaties. Een patiënt wordt beschreven in Hoofdstu k 7a. Dit 

jongetje,, bekend met een leukemie, kreeg waterpokken tijdens de onderhouds-behandeling 

vann zijn leukemie. Hij ontwikkelde daarbij een ernstige longontsteking als complicatie van 

waterpokken,, en moest hiervoor beademd worden. De beademing verliep aanvankelijk uiterst 

moeizaamm maar hij reageerde wel op de medicatie tegen waterpokken en herstelde langzaam 

maarr zeker. Een manier om het waterpokken risico te verminderen in kinderen met kanker die 

niett beschermd zijn is kinderen te vaccineren tegen waterpokken. In sommige landen wordt dit 

bijj gezonde kinderen al routine matig gedaan, in Nederland niet, omdat de risico's van 

complicatiess bij waterpokken in de gezonde populatie zo klein zijn dat er besloten is de vaccinatie 

niett routinematig in te voeren. Maar het is wel van belang patiënten die een hoog risico lopen 

opp een ernstig verloop van de waterpokken te beschermen. Tot op heden zijn er veel studies 

verrichtt met levend verzwakt varicella (=waterpokken) vaccin in leukemie patiënten. In deze 

studiess werd de chemotherapie een week voor en een week na het vaccin uitgesteld. Met deze 
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vaccinatiee werd een goede beschermende titer gehaald, en de vaccinatie werd goed verdragen. 

Meestt ideaal is het waterpokken vaccin vroeg in de behandeling te geven zonder uitstel van 

chemotherapiee zodat het kind gedurende de gehele behandeling beschermd is. In Hoofdstu k 

7bb  wordt deze studie gepresenteerd. Daarin worden voor waterpokken niet beschermde 

kinderenn in een vroeg maar veilig stadium van hun oncologische aandoening gevaccineerd. Er 

werdenn 11 kinderen geindudeerd. Van deze kinderen was 72.5% na een vaccinatie al beschermd. 

Bijwerkingenn van het waterpokken vaccin waren mild. Er waren 3 kinderen met een huiduitslag 

diee in een vroeg stadium behandeld is. Alle 3 patiënten herstelden zónder complicaties. In deze 

kleinee groep patiënten is het bewezen dat het haalbaar is dit vaccin te geven zonder de 

chemotherapiee te onderbreken. Deze studie zal verder uitgebreid worden. 

Inn het afsluitende Hoofdstu k 8 worden de resultaten van de onderzoeken naar het voorspellen 

vann dé ernst van een infectie en het voorkomen van infecties verder bediscussieerd en worden 

voorstellenn gegeven voor verder onderzoek. Er wordt gestreefd naar een nog betere overleving 

vann onze patiënten. Door middel van uitgebreide moleculair genetische technieken worden 

tumorenn beter begrepen, waardoor ze beter behandeld kunnen worden. Maar bij iedere 

behandelingg blijft dé "ondersteunende behandeling" van wezenlijk belang. Een belangrijk 

onderdeell daarvan zijn infecties die bij deze kinderen voorkomen. 

Wijj hopen dat dit proefschrift op een aantal vragen antwoord heeft gegeven en een stimulans 

zall zijn voor verder wetenschappelijk onderzoek. 

167 7 





I I 

Addendum m 
Cochranee review chapter 5 
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earlyy central venous catheter Gram positive infections in oncology patients {Cochrane Review). Jn: The 

CochraneCochrane Library, Issue 1, 2004. Chichester, UK: John Wiley &Sons, Ltd. 

ABSTRAC T T 

Backgroun d d 
Long-termm tunnelled central venous catheters (TCVC) are increasingly used in oncology patients. Despite guidelines 
onn insertion, maintenance and use, infections remain an important complication. Most infections are caused by Gram-
positivee bacteria. Therefore antimicrobial prevention strategies aimed at these micro-organisms could potentially 
decreasee the majority of the TCVC infections. 

Objective s s 
Too determine the«fflcacy of administering antibiotics prior to insertion of a TCVC with or without vancomycin/heparin 
flushflush technique in the first 45 days after insertion öf the catheter to prevent Gram-positive catheter-related infections in 
oncotogyy patients. 

Searchh Strateg y 
Wee searched MEDLINE, EMBASE.and CENTRAL up to July 2001. Reference lists from relevant articles were 
scannedd and conference proceedings were hand searched. The authors of eligible studies were contacted to obtain 
additionall information. 

Selectio nn Criteri a 
Wee selected randomized controlled trials giving prophylactic antibiotics prior to insertion of the TCVC, and trials using 
thee combination of an antibiotic and heparin to flush the TCVC in oncology patients. 

Dataa collectio n and analysi s 
Twoo reviewers independently assessed the studies for inclusion, extracted tine data and assessed the quality. 

Mainn Result s 
Wee included eight trials totalling 527 patients. Four reported on vanDomycin/teicoplanin prior to insertion of the TCVC, 
andd four reported on antibiotic flushing combined with heparin. The overall effect of an antibiotic prior to catheter 
insertionn decreases the number of Gram-positive TCVC infections (odds ratio [OR] ~ 0.55,95% confidence interval 
[CI]] 0.29 to1 04). Given an expected infection rate of TCVC during the first 45 days of up to 30% this OR implies that 
thee number needed to treat (NNT) will be 10 (95% CI 4 to13}, this means vancomycin needs to be given to 10 patiënte 
too prevent one TCVC infection. 
Flushingg the TCVC with antibiotics and heparin proved to be beneficial (OR = 0.35, 95% CI 0.16 -to 0.77). For 
intraluminall colonization tile baseline infection-rate is 15% which leads to a NNT of 13 (95% CI 5 to 23). 

Reviewers ''  conclusion s 
Bothh interventions lead to a positive overall effect but should be considered with care due to the small number of 
studies.. Depending on tine baseline TCVC infection rate it is justified to administer antibiotics prior to the TCVC 
insertionn or to flush the catheter with a combination of an antibiotic and heparin, if the catheter-related Infection rate is 
high. . 

Thiss review shoul d be cited as: 
vann de Weterin g MD, van Woense l JBM Prophylactic antibiotics for preventing early central venous catheter Gram 
positivee infections in oncology patients (Cochrane Review). In: The Cochrane Library, Issue 1, 2004. Chichester, UK: 
Johnn Wiley & Sons, Ltd. 
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BACKGROUN D D 

Patientss who are treated for cancer need adequate venous access because of the frequent use of chemotherapy, 
requirementss of intravenous fluids, blood products etc. To limit discomfort of short-term venous access long-term 
tunneledd catheters are nowadays used in more than two thirds of paediatric and adult cancer patients (Ingram 
1991;; Groeger 1993). However, the use of long-term tunnelled catheters is limited by the risk of blood clot 
formationn as well as infections. This risk ranges from 1.4 (Press 1984) to 2.2 (Groeger 1993) infections per 1000 
catheterr days. About one third of patients experience ah episode of infection while having the TCVC in place. The 
organismss cultured are Gram-positive organisms (70%), Gram-negative organisms(15%) fungal organ!sms(8%) 
andd anaerobic organisms(7%). 

Thee adherence to and colonization of TCVC with micro-organisms is facilitated by the formation óf a very thin 
biofilmm inside the catheter lumen. This process is influenced by several factors such as the production of 
fibroglycocalyxx [extracellular slime) by coagulase negative staphylococci. In addition, the host reaction to the 
TCVCC results in the formation of a thrombin sleeve rich in clotting factors such as fibronectin* fibrinogen, and fibrin 
whichh contributes to the formation of the biofilm (Darouiche 1999). This means that adequate antibiotic treatment 
mayy lead to resoivence of the TCVC infection only in certain cases (i.e. when caused by coagulase negative 
staphylococci)) whereas in other cases (i.e. when caused by pseudomonas, staphylococcus aureus, or fungi) this 
willl be much more difficult to clear and therefore removal of the catheter is necessary. 

Thee organisms responsible for catheter colonization and infection come from four sources: the skin, the catheter 
hubb (the part through which the catheter is tunnelled under the skin), haematogenous seeding (infections 
originatingg outside the catheter can reach the TCVC via the bloodstream) and contamination of the intravenous 
fluidss given to the patient (tor instance intravenous total parenteral nutrition) (Farr 1995). 

Earlyy catheter infections (infections that develop within 45 days after placement of the catheter) are mostly due to 
organismss from the skin insertion site. After 45 days the catheter hub becomes a far more important source of 
infectionn (Shaul 1998). Because of the increased chance of early catheter infections within days of placement, 
internall guidelines were developed to prevent these infections, such as: 
a)) aseptic technique of insertion of the catheter, 
b)) protocols for care and handling of the catheter, 
c)) adequate information to all who handle the catheter, 
d)) restriction on the number of interruptions of the catheter (the number of times per day one is allowed to open 
thee catheter, to give medication or to draw blood) 

Despitee international guidelines that have been developed by Hospital Infection Control Practices Advisory 
committeee (CPAC 1990) about 15-20% early TCVC infections are still seen. It has been shown (Lim 1993) that 
thee incidence of Gram-positive infections is increasing. The increase is probably due to two factors: 
1)) an increase in the use of central venous catheters (mainly Hickman/Broviac catheters). 
2)) the use of high-dose chemotherapy, which destroys the normal mucosal protective barriers of the upper 
respiratoryy tract and the gastrointestinal tract. 

Thereforee reduction of Gram-positive infections by introducing antibiotics in an early stage may be effective to 
decreasee specific catheter-related bloodstream infections. Antibiotics can be introduced in two ways, either prior 
too the insertion of the catheter, or by flushing the catheter with a combination of an antibiotic and heparin during 
thee life-span of the catheter. 
Itt is known that the risk of infections is lower in internal eve's (ports) than in external devices (Broviac or Hickman). 
However,, it has been shown that this difference only becomes significant after more than one year of catheter use 
andd therefore data on different tunnelled eve types were pooled in this analysis. The risk of infection is greatest 
duringg the first 100 days after placement (Salzman 1995; Wurzet 1988). 

Thiss systematic review assesses the effectiveness of prophylactic antibiotics in the prevention of early Gram-
positivee catheter related infections, when the risk of infections is greatest. The importance of the first 45 days 
allowss us to cover the induction period of chemotherapy. This is the time-period that many manipulations of Hie 
TCVCC are necessary because of the intensity of the chemotherapy. For this reason both internal and external 
tunnelledd central venous catheters could be included in the review. 

Inn reviewing the papers both adults and children were included, as the adult patient is comparable to the 
paediatricc patient as far as interpreting infections in central venous catheters. 
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OBJECTIVES S 

Too determine the efficacy of administering antibiotics prior to insertion of a tunnelled central venous catheter with 
orr without vancomycin/heparin flush technique in the first 45 days after insertion of the catheter to prevent Gram-
positivee catheter-related infections in cancer patients. 

CRITERIAA FOR CONSIDERING STUDIES FOR THIS REVIEW 

Typess of studies 

•• Randomized controlled trials (RCTs) comparing placebo versus antibiotics prior to insertion of the 
catheterr to reduce Gram-positive infections rotated to the catheter 

•• RCTs comparing the heparin flush technique versus the antibtotic/heparin flush technique to reduce 
Gram-positivee infections due to catheter related infections s 

•• RCTs combining the two interventions 

Typess of participants 
Patientss with cancer (both adults and children) who will have a tunnelled central venous catheter inserted and are 
likelyy to receive chemotherapy causing episodes of neutropenia, with increased risk of infection. 

Typess of intervention 

•• Drug interventions 
•• Administering antibiotics prior to catheter insertion 
•• Adding an antibiotic to the normal heparin flush technique 

Typess of outcome measures 
Thee major outcome indicator is bacteraemia due to central venous catheter infections. 
Proxyy measures are the frequency of exit-site infections and tunnel-infections. 
Thee time frame for assessment of outcomes within a study should be stated, (establishing when the catheter 
relatedd infection occurred from the time of insertion). 

Definitionss (Mermel 2001): 
Infectionss related to the catheter should be defined as follows: 
'exit-sitee infections: Evidence of cellulitis around the extt site, diagnosis can be made by inspection. If quantitative 
cufturingg in the laboratory is present then quantitative cufturing of the skin or of the subcutaneous catheter 
segmentt may be helpful. An exit site infection may occur with or without a bloodstream infection, 
"tunnell infection: This involves spreading cellulitis overlying the tunnel tract of subcutaneously tunnelled-
catheters.. There are signs of inflammation along the tunnel tract and there is tenderness to palpation over the 
tunnell tract 
Definitee catheter infection: 
** Isolation of the same organism from percutaneous blood culture and from One of the following: 
a)) exudate at the catheter exit site 
b)) a semiquantitative catheter segment culture (but this requires catheter removal) 
c)) quantitative blood culture with recovery of at feast five fold higher colony count from blood obtained through the 
catheterr than from a percutaneous blood culture. 
** Catheter-related infection can also be defined when there is a temporal succession of catheter flushing, onset of 
chillss and fever and a positive blood culture, then this is highly suggestive of a catheter-related infection 
Inn addition, a short time to posifivity of the btoodculture is suggestive of a catheter-related infection; this method 
makess use of continuous blood-cutture monitoring and compares the differential time to positivity for qualitative 
culturess of blood samptes drawn from the catheter and a peripheral vein. 

SEARCHH STRATEGY FOR IDENTIFICATION OF STUDIES 

See:: Cochrane Gynaecological Cancer Group search strategy 

MEDLINEE and EMBASE search was done for the years 1966-2000 and a search of CENTRAL on the Cochrane 
Libraryy {Issue 4, 2000) was done. 
Searchh terms: {Broviac OR Port-a-cath OR Hickman OR exp catheterizatran.central venous}, AND :{prophylactic 
antibioticss OR vancomycin OR teicoplanin} AND {exp oncolog? OR cancer OR malignancy OR neoplasm} AND 
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{infection.expp OR infection prevention OR gram-positive). 
andd second search : {Broviac OR Port-a-cath OR Hickman OR exp catheterization.cehtral venous}, AND 
:{prophytacticc antibiotics OR vancomycin OR teieoplanin} AND {exp oncolog? OR cancer OR malignancy OR 
neoplasm}} AND {operative surgical procedures} 
CENTRALL on the Cochrane Library was searched using the same terms. 
Informationn about trials not registered in MEDLINE or the Cochrane Library was located by scanning the 
referencee lists of the found articles. 
Inn addition we handsearched the following conference proceedings: SIOP 1995-2000 (International Society for 
Paediatricc Oncology), MASCC (Multinational Association of Supportive Care in Cancer) 1995-2000, ASCO 
(Americann Society of Clinical Oncology) 1995-2000, ICAAC (Interscience Conference of Antimicrobial agents and 
Chemotherapy)1995-20Ö0. . 

METHOD SS OF THE REVIEW 

Identificationn of studies meeting the eligibility criteria was performed independently by two reviewers (MvdW, 
JvW). . 
Decisionss on which trials to include was based on the methods section of the trial. Data-extraction included, the 
patientt group involved, the intervention described, the outcome assessed, and the analysis done. 
Thee methodological quality was initially assessed using the Jadad criteria, (blinding of randomization, inclusion 
andd exclusion criteria, intervention performed, and outcome looked at), thereafter scored using theTulder criteria 
(Tulderr 1997), including assessment of the quality of randomization, blinding and analysis. Authors were 
contactedd for additional information where necessary. Disagreements were resolved by discussion between the 
reviewers. . 

Allocationn concealment was assessed using the scale set out In the Cochrane Collaboration Handbook for 
Reviewerss (Cochrane Handbook), 
Gradee A) Adequate: Some form of centralised or pharmacy controlled randomization scheme, or the use of 
precededd identical containers administered sequentially to patients or the use of sequentially numbered sealed 
opaquee envelopes. Alternatively using an on site computer with a tocked file which could only be accessed after 
enteringg participant details or a mixture of these approaches, including innovative schemes, provided mat the 
methodd appears impervious to allocation bias 
Gradee B) Uncertain:When only terms such as lists Or tables or sealed envelopes or randomly assigned were 
mentionedd in the text, or any trial where intervention or placebo assignments were mentioned without specifying 
thee method of allocation. 
Gradee C) inadequate: When alternation, date of birth, case record, day of the week, enrolment order etc were 
used,, or when an open system of random numbers or assignment weree used. 

Thee studies were divided into two groups which were analysed separately. 
1:: prophylaxis with antibiotics at insertion of the central venous catheter versus no prophylaxis 
2:: vancomycin/heparin flush technique versus only heparin flush technique 
Statistics: : 
Thee outcomes were weighted by inverse variance. Besides the fixed effect mode! the random effect model was 
usedd to calculate the effects because the included studies were heterogenous in design, intervention and study 
population.. The number of catheter related infections was used as the primary endpoint. Results are presented 
withh 95 % confidence intervals (CIs). 

DESCRIPTIONN OF STUDIES 

Wee identified 11 studies. Three studies were excluded. One study was excluded because it involved only 
neonatess (Ocete 1998) andd two studies were excluded because non-tunnelled catheters were used (Raad 1998; 
Carratalaa 1999). , 
Off the eight included studies, four addressed the administration of antibiotics prior to insertion of the catheter 
(Vassilomaniakiss 1995; Lim 1993;Ranson 1990, Ljungman 1997), and four studies addressed flushing the 
catheterr with the combination of vancomycin and heparin {Rackoff 1995; Schwartz 1990; Barriga 1997; 
Henricksonn 2000). Thé total number of patients in the eight included studies was 527, four studies were done in 
aduttss (n=252), three studies in children (n=192), and one trial combined children and adults (n=83). 
Noo extra information was obtained from the conference proceedings. In Table 04 all abstracts on central venous 
catheterss and infection rates have been summarized to give information on the rates of infection in the different 
units.. This may be important in interpreting the results of the included studies. 
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METHODOLOGICALL QUALITY 

inn six studies the method of blinding was adequately described and two studies were not adequately blinded. 
Initiallyy in one study randomization was performed but later all patients were included in the experimental group. 
Inn our analysis we only used the first part of the study when randomization was performed {Vassilomaniakis 
1995).. (n the second study an open randomization was performed and the study was stopped at interim analysis 
(Ljungmann 1997). Due to the poor internal validity of the latter study in comparison to the three other studies 
includedd two analyses are presented. 

Eligibilityy criteria 
Alll studies described the eligibility criteria sufficiently. All the studies excluded patients already receiving 
vancomycin,, or other systemic antibiotics and selective gut decontamination use was allowed (that is the use of 
orall antibiotics starting before a neutropenic episode is expected in which tine potentially pathogenic aerobic 
organismss are eliminated without affecting the non-pathogenic anaerobic organisms). One study onty included 
patientss not neutropenic at the start of the study. The others did not specify this aspect at the start of the study but 
specifiedd that these patients would become neutropenic due to their disease. AB paediatric studies specified 
childrenn to be less than 20 years of age. All studies specified the catheter used (in all studies a Hickman catheter 
wass used, double or single-lumen) 

Treatmentt allocation: 
Inn five out of eight studies the treatment allocation was concealed (Grade A as described in the methodological 
qualityy of the studies). Two studies used a quasi-randomtzation method (Grade B, Vassilomaniakis 1995; Lim 
1993),, and one study did not specify ttie method of randomization (Ljungman 1997) In all studies the index 
interventionn and control intervention was explicitly described. In three out of eight trials the participants were not 
blindedd to the treatment (Vassilomaniakis 1995; Ltm 1993; Ljungman 1997). In four out of eight trials the outcome 
assessorr was not blinded to the intervention (Vassilomaniakis 1995; Ranson 1990; Lim 1993; Ljungman 1997). In 
twoo out of eight trials the outcome measures were not clearly stated (Vassilomaniakis 1995; Ranson 1990). 

Seee additional tables for the criteria Hst for the assessment of the methodological quality of included studies 
(Tulderr 1997); Table 01 gives these criteria, Table 02 the internal validity scores and Table 03 the external validity 
scores. . 

RESULTS S 

Comparisonn 1: The four studies evaluating antibiotic prophylaxis before insertion of the central venous catheter 
weree pooled (Vassilomaniakis 1995; Lim 1993; Ranson 1990; Ljungmann 1997). in two studies teicoplanin and not 
vancomycinn was used as the intervention before insertion of the catheter (Lim 1993; Ljungman 1997). Since we 
aimedd to review the prevention of Gram-positive TCVC infections and both vancomycin and teicoplanin are 
giycopeptides,, that are active against Gram-positive bacteria we felt it was felt acceptable to pool these data. 
Thee odds ratio under a fixed effect model was 0.55 (95% CI 0.29 to 1.04). Because of heterogeneity the random 
effectt model was applied resulting in an OR of 0.54 (95% CI 0.17 to 1.74). 

Too interpret the results knowledge of the baseline infection rate of the TCVC is important. With this knowledge 
onee can derive Ore number needed to treat from the odds ratio (Cochrane Handbook (appendix 8b)) If the 
catheterr related infection rate approaches 15% an OR of 0.55 will give a NNT of 18 (tilts means vancomycin 
shouldd be given to 18 patients to avoid one catheter related infection). If the catheter related infection rate is 30 % 
vancomycinn should be given to 10 patients to prevent one catheter related infection. The overall effect favours 
treatmentt with an antibiotic prior to insertion of the catheter, although the catheter related infection rate is of 
importance. . 
Excludingg the study of Ljungman because of poor internal validity, the OR under a fixed effect model was 0.46 
(95%% CI 0.24 to 0.91). The NNT wilt then range from eight to 20 patients. 

Comparisonn 2; Thé four studies using vanco/heparin flush method compared to heparin only flush (control) were 
pooledd (Schwartz 1990; Rackoff 1995; Barriga 1997; Henrickson 2000). There was no heterogeneity in the patient 
groupss included. Ail were oncology patients who needed chemotherapy, mainly children. 
Statisticall results showed using the fixed effect model an OR of 0.35 (95% CI 0.16 to 0.77). Using the random 
effectt model the OR was 0.39 (95% CI 0.16 to 0.95). If the risk of a catheter related sepsis is 10% then the NNT 
too prevent one catheter related infection will be 17, if this risk is 20% then the NNT is nine. The overall effect 
favourss treatment with an antibiotic In the flush solution to prevent catheter related infections, although the 
catheter-relatedd infection rate is of importance. 
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DISCUSSION N 

1:: To assess the effect of antibiotics before insertion of the catheter. 
Studyy design and methodology of the four included studies were sufficient to pool and analyze the data. The 
studyy of Vassitomaniakis 1995 was the most difficult to interpret because of the initial randomization followed by 
treatingg all participants with antibiotics before insertion of the catheter. The combined overall EER (experimental 
eventt rate) and the CER (the control event rate) were 14.8% and 24.6% respectively. Depending on the 
backgroundd tunnelled catheter related infection rate that ranges from 10% to 30% the NNT will range fromlO 
to188 patients. 
Iff the risk of infection is high (for instance neutropenic patients and/or patients on induction therapy for 
haematologicall malignancies (cancer of the blood) one should consider giving antibiotics prior to insertion of the 
catheter,, in this group of patients the skin insertion site is the source of introducing vancomycin-sensitive 
organismss (VCO). Prevention of infection at this level will decrease morbidity in these patients. 

2:: To assess the effect of antibiotic flushing of the catheter. 
Designn and methodology of the four included studies were sufficient to pool and analyze the data,Two studies 
(Schwartzz 1990; Rackoff 1995) had relatively small groups of patients. Henrickson 2000 and Barriga 1997 
includedd larger groups of patients. The combined overall EER (experimental event rate) and the CER (control 
eventt rate ) were 8.6% and 18.8% respectively. Barriga 1997 pointed out that intraluminal colonization of central 
venouss catheters with microorganisms probably occurs mainly during non-neutropenic episodes, whereas during 
neutropeniaa other sources of infection play a major role, like the gastro-ihtestinal tract. Depending on the 
incidencee OfTCRS (ranging from 5 to15%) the NNT ranges from 13 to 23 patients. 

Inn both cases vancomycin/teicoplanin prior to insertion of the central venous catheter and vancomycin/heparin 
flushingg of the central venous catheter may develop the problem of bacterial resistance to vancomycin. With the 
dosess flushed this seems unlikety as the dose is so small it does not distribute systemically (25 microgram/ml 
usingg 3 mis). As for the antibiotic prior to insertion of the catheter, this involves only one or two doses, and if 
qualifyingg the definition that only certain patients will receive this treatment it does not Imply a danger of 
developingg resistance. 

REVIEWER'SS CONCLUSIONS 

Implicationss for practice 
Bothh interventions were effective in preventing Gram-positive tunnelled catheter related infections but the 
analysess should be considered with care due to the small number of studies. 
Iff the tunnelled central venous catheter infection rate is expected too be high, then it Can be justified to use 
antibioticss prior to insertion of the central venous catheter, or to flush the central venous catheter with a 
combinationn of an antibiotic and heparin. 

Implicationss for research 
Ass indicated it would be useful to know In which risk groups one would implement the Interventions. Although 
somee of the included studies stratified risk groups, none analyzed these separately because of small numbers. 
Thereforee a multicentre RCT answering the question of whether the above interventions are justified in the 
specificc risk groups is of extreme importance. 
Thee future direction could be coating of longterm tunnelled central venous catheters with antibiotics compared to 
thee above interventions to decrease Gram-positive catheter related infections. 
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TABLE S S 

Characteristicss of Included studies; 

Study y 

Methods s 

Participants s 

Interventions s 

Outcomes s 

Notes s 

Allocation n 
concealment t 

Study y 

Methods s 

Participants s 

Interventions s 

Outcomes s 

Notes s 

Allocation n 
concealment t 

Study y 

Methods s 

Participants s 

Interventions s 

Outcomes s 

Notes s 

Allocation n 
concealment t 

Study y 

Methods s 

Participants s 

interventions s 

Outcomes s 

Barrtgal99 7 7 

doublee blind randomization 

n=833 adult and paediatric patients various malignancies, mainly leukaemia, 143 febrile 
episodess recorded 

vancoo vs heparin flush (25 ug/ml vanco and 25 units/ml hep 

'bacteraemia a 

"Vanco-sensitivéé organism bacteraemia 

aa difference was stated in neutropenia and nonneutropenia 

A A 

Henrfcksortt 2000 

doublee blind randomization 
stratifiedd for riskgroups 

n=1266 paediatric patients (44% ALL, 40% solid, 7 % BMT) There were 153 assessable 
TCVC C 

vancoo versus heparin flush(25 ug/ml vanco and 100 unite/ml hep 

^exit-sitee infection 
•feacteraemia a 
*timee to first infection 

thee third group included vanco-heparin ciprofloxacin 

quantitativee cultures were done 

Llm199 3 3 

methodd of randomization not dear 

n=888 adult oncolology patients, haematologtcal malignancies 

baselinee characteristics reported- no sig.drfference 

teicoplaninn before insertion 400 mg before insertion catheter vs control 

*soft-tissuee infection 
*catheterr related sepsis 

alll episodes of CHS occurred in patients who were neutropenic 

B B 

Ljungrna nn 1997 

methodd of randomization not ctear 

n=666 adult oncology patients, BMT and leukemia patients 

tejcopianinn prior to insertion and 24 hrs after insertion 

'bacteraemia a 
*exit-sitee infection 
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Notes s 

Allocation n 
concealment t 

Study y 

Methods s 

Participants s 

interventions s 

Outcomes s 

Notes s 

Allocation n 
concealment t 

Study y 

Methods s 

Participants s 

Interventions s 

Outcomes s 

Notes s 

Allocation n 
concealment t 

Study y 

Methods s 

Participants s 

Interventions s 

Outcomes s 

Notes s 

Allocation n 
concealment t 

Study y 

Methods s 

Participants s 

Interventions s 

Outcomes s 

Att interim analysts the preset efficacy could not be met therefore study stopped 

B B 

Rackk off 1995 

doublee blind randomization 

n=555 paediatric patients, one centre (total group was 63 patients , 8 were receiving TPN 
Analysiss was done on the oncology patients only 

vancoo versus heparin flush 
(255 ug/ml vanco and 100 units/ml heparin) 

"bacteraemiaa with a vanco sensitive organism 
*timee to first infection 

Ransonn 1990 

doublee blind randomization 

n=9SS adult patients 
A)) N=48 and 35 catheters, acute leukemia and BMT) 
B)) N= SO and 37 catheters (solid tumor) 

vancomycinn vs control (2 doses one prior to insertion,, one after positioning of the 
catheter r 
5000 mg vanco) 

"catheterr related sepsis in first 30 days 
*tunnell sepsis 
*CNSS bacteraemia 

Schwartz199 0 0 

Doublee bund randomization 

n=455 paediatric patients 

vancomycinn versus heparin flush(25 ug/ml vanco and 100 units/m 

'bacteraemia a 
(quantitativee culture) 
"timee to first inf. 

statisticss on the number of children not catheters 

quantitativee blood cultures 

A A 

Vsssllomanlaki ss  1995 

Randomizationn by cards in closed envelopes, 

n=400 adult patientei 

vancomycinn vs control 
(vancoo in 3 doses of 500 mg 1 hr prior to insertion, 6 and 12 h afterwards) 

"exit-sitee infection 
*cvcc related bacteraemia 
*Gram+infections s 
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Notes s onlyy initially randomized 

Allocationn B 
concealment t 

Vss = versus 
CRSS = Catheter related sepsis 
BMTT ~ Bone marrow transplant 
TCVCC = Tunneled central venous catheter 
TPNN = total parenteral nutrition 
CVCC = central venous catheter 
vancoo ~ vancomycin 
hepp = heparin 
ALLL = acute lymphoblastic leukaemia 
mgg = milflgram(s) 
ugg = microgram(s) 
mll  = mill«ttre(s) 
nn = number of participants 

Characteristic ss of exclude d studie s 

Carratalaa Adult haematotogy patiënte with non-tunnelled CVC's received 10U heparin per ml (n=57)or10U 
19999 heparin+ 25 ug. vancomycin per ml (n~60) allowed to dwell in catheter 1 hour every 2 days. 

Catheter-relatedd bacteraemia in 7% of patients in control group, end 0% in experimental group 
(p=0.05). . 
Mainlyy excluded because non-tunnelled catheters. 

Ocetee Single centre trial 2 groups. Control group - 61 newborns, experimental group 85 newborns, all 
19988 receiving a central catheter (umbilical artery, umbilical vein and/or silastic). The study group 

receivedd prophylactic vancomycin 25 ug/ml. AU patiënte received parenteral nutrition. Results CNS 
21/611 in the control group and 19785 in the vancomycin group <p<0.05). The patient group is not the 
groupp studied in this review. Methods of the study poor. Not specified how often the prophylactic 
vancoo was given. Clinical criteria were used to determine if the rieonate was infected, then 
peripherall and central cultures were done. Not specified if quantitative or qualitative cultures were 
done.. Trial not Winded, no tunnelled catheters used, no appropriate patient group 

Raadd Crossover study: 26 patients with melanoma on IL2 treatment enrolled. All patients received a 
19988 double lumen non-tunnelled silicone catheter in subclavian vein. Patients randomized to receive 

prophylacticc antibiotics novobiocin 500 mg + rifampin 300 rng orally. Significant results 41% in 
controll group catheter related bacteraemia and 6% in experimental group, excluded because of 
non-tunnelledd catheters. 
Veryy specific group with high incidence of infection, not representing the group aimed at in this 
Cochranee review. 

ADDITIONA LL TABLE S 

Tablee 01 Criteri a lis t for the assessmen t of methodologica l qualit y of include d studie s 

Itemm IÖ 

patient t 
selection n 

Descriptio nn tmptetMAtattö n 

Note:: alt criteria were scored yes(+},no(^ or donl know 

Weree the eligibility criteria Patient inclusion/exclusion criteria must have been described 
specified?? appropriately according to the reviewer 
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b1 1 

b2 2 

intervention n 

d1 1 

d2 2 

wass a method of 
randomizationn applied? 

wass the treatment allocation 
concealed d 

weree the groups similar at 
baselinee with regard to the 
mostt important prognostic 
indicators? ? 

wass the experimental 
interventionn explicitly 
described d 

wass the control intervention 
explicitlyy described 

e e 

f f 

outcome e 
measurement t 

g g 

h h 

i i 

weree co-interventions 
avoidedd or similar for all 
groups s 

wass the patient blinded for 
thee intervention 

wass tile outcome assessor 
blindedd to the intervention? 

weree the outcome measures 
relevant? ? 

weree complications 
described? ? 

statistics s 

m m 

n n 

wass the drop-out loss to 
followw up described and 
acceptable? ? 

wass a follow up 
measurementt performed 

wass the timing of tfie 
outcomee similar for all 
groups? ? 

wass the sample size 
describedd for each group? 

didd the analysis include an 
intentionn to treat analysis 

weree point estimates and 
measuress of variability 
presentedd for the primary 
outcomee measures? 

AA random (unpredictable) allocation must have been applied 

Allocationn should have been performed by an independent 
personn not responsible for determining eligibility for inclusion. 

groupss must be similar at baseline with regard to at least three 
off the four prognostic indicators of age sex duration of 
symptomss and value of main outcome measures 

adequatee description of the experimental intervention so that 
treatmentt can be replicated 

adequatee description Df the control intervention so that 
treatmentt can be replicated 

co-interventionss should either have been avoided in the trial 
designn or be similar in the 2 groups 

adequatee information about blinding must have been provided 

Adequatee information about blinding must have been provided 

att least one of the following outcome measures must be 
included:: catheter related sepsis, exit infections, tunnel 
infectionss and time to first Infection 

anyy adverse events should be noted 

includedd patients who did not complete the follow up period or 
weree not included in tne analysis should be described, if the 
percentagee of drop outs is less than 20% then a ' +' is scored 

outcomee assessment after randomization 

Timingg of outcome assessment shouid have started from the 
momentt of treatment allocation and be identical for ail 
interventionn groups and all important outcome measures 

samplee size shouid have been presented for each group at 
randomizationn and for the most important outcome measures 

forr all randomized patients the most important moments of 
effectt measurement should have been reported 

Forr continuous data mean* median, standard deviation with 96 
%% confidence interval should be presented. For nominal and 
ordinall outcomes the number of patients to whom the outcome 
measuree applies and the total number of patiënte must be 
presented. . 

Tablee 02 interna l validit y scores(b1 lb2lc,etf,gJ Il,n) 

referenc ee b l b2 

Vassilömaniakiss 1995 + 

jj  I 

+ + 
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Ransonn 1990 + 

Limm 1993 + 

Barrigaa 1997 + 

Rackofff 1995 + 

Schwartzz 1990 + 

Henricksonn 2000 + 

Ljungmann 1997 + 

Tablee 03 External Validity (a, d1, d2, h, I, k,, m,o) 

++ + + +? 

++ + - +? 

++ + * + 

++ + + + 

++ + + + 

++ + + + 

Referenc e e 

Vassilomaniakiss 1995 

Ransonn 1990 

Urnn 1993 

Barrigaa 1997 

Rackofff 1995 

Schwartzz 1990 

Henricksonn 2000 

Ljungmann 1997 

Tablee 04 Abstracts congresses 

d11 d2 h I k 

++ + +? - + 

++ + + ? - + 

++ + • + 

++ + + + 

StOP P 

19977 Ö-54: 
Retrospective,, 149 
portss in 135 patients 
8%% infected, CNS 
majorityy of infections. 

19977 P-227: 
Retrospective. . 
511 catheters in 37 
patients s 
Clinicallyy significant 
infectionn 12.2 per 
10000 catheter days 
(CNS) ) 

19977 0-65: 
prospective e 
randomizedd trial 
Teicoplaninn induction 
MX MX 
255 patients, 25 
patientss no 
teicoplanin,, no 
differencee in gram-
positivee organisms 

19977 P-259: 
retrospectivee study 
3555 children. 
Infectious s 

ICAA C C 

19955 J1: prospective 30 
adultss CVC inserted 
CMSS isolated from 5 out 
off 30 catheter tips. 

19955 J2: retrospective. 
9644 catheters in 837 
patients.. Infection 12.7% 
.1.266 per 1000 catheter 
days. . 

19955 J10:151 patients 
weree randomized to new 
hubb connector n=78 or 
standardd connector n=73 
CNSS infection exp arm 
4%% contrdarm 16% 

19966 J-59: prospective 
randomizedd trial. 21 
insertedd catheters in 
theatre** 20 in radiology. 

ASCO O 

1995:1723;; Risk of 
sepsiss associated with 
CVCC in children with 
leukemia.. The relative 
riskrisk of fever arid 
neutropeniaa is increased 
OR=1.33 (1.00-1.69) 

1995:1791: : 
complicationss of CVC. 
2733 devices The rate of 
catheterr related 
infectionss was 15.8% 
(95%% C111.6-20.6%) 
Mostt infections in 
leukemicc patients who 
weree neutropenic at time 
off insertion. 

1997:292:: Trends in 
bacteraemtaa in BMT 
patients.. In 5 years there 
weree 277 bacteraemic 
patients.. 254 Gram 
positivee most often CNS 
(53%) ) 

1998:221:1500 devices in 
aduftt pts 113 ports an 27 
externall catheters. 
Infectionss 12 (8%). 31 

WASCC C 

19966 129: retrospective: In 101 
patientss 97 single lumen and 7 
doublee lumen access ports 
implanted.. 6 cases of infection. 

1998:: 56: descriptive: skin and 
catheterr hub major sources of 
infection.. CNS can be treated 
withoutt catheter removal. Staph, 
aureuss complications resulted in 
catheterr removal. 

1999:0-35:: retrospective. 23 
patientss positive Staph, aureus. 
222 had CVO, 195 patients CNS 
positive,, 135 had a CVO. Study 
meantt to give insight into 
distributionn of Staphylococcal 
infections. . 

1999:: P-94:Effect of Tauroikfine 
inn treatment of device related 
bacteraemiaa a pilot trial. 8 
patientss with a device associated 

181 1 



complicationss 2.8 per CRS in 10 cases, devices were removed. 7 bacteraemia had Taurofin 
10000 catheter days, majority CNS infections due to infections, installed. Clinical signs of 

bacteraemiaa disappeared, blood 
culturess negative 

19988 U-98: 1996 J-103: continuous 
retrospectivee low dose vanco to 
5022 catheters in 368 prevent gram positive 
ptss infections. Low dose 
peroperativee vanco (2.5 mg/100 ml) in 
complicafionss TPN 
inn leukemia 2.5% and control group: 29 per 
inn solid tumours 100 infants 
0.8%% exp group: 5 per 100 

infantss CNS Infection 

20000 P-313: 
retrospective e 
322 cathetersCRS8.2 
perr 1000 
catheterdays,, in 55% 
CNS. . 
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|| 01 vancomyci n versu s contro l I 

Outcomee title 

022 catheter related sepsis 

No.. of 
studies s 

No.. of 
participants s 

252 2 

Statistical l 
method d 

Oddss Ratio 
(Fixed)) 95% 
CI I 

Effect t 
size e 

0.55 5 
[0.29, , 
1.04J J 

022 vancomyci n flus h versu s hepari n flush  j 

Outcomee title , 

011 catheter related sepsis 

No.. of 
studies s 

4 4 

No.. of 
participants s 

275 5 

Statistical l 
method d 

Oddss Ratio 
(Fixed)) 95% 
CI I 

Effectt I 
size e 

0.35 5 
[0.16, , 
0.771 1 
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Statistical l 
method d 

Oddss Ratio 
(Fixed)) 95% 
CI I 

Effect t 
size e 

0.46 6 
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SYNOPSIS S 

Prophylacticc antibiotics or catheter flushing with vancomycin and heparin may hefp cancer patients at high risk of 
catheter-relatedd infections 

Patientss with cancer often need to be given drugs and other treatments intravenously, so are frequently fitted with 
long-termm tunnelled catheters. Infections sometimes occur. Evidence from randomised controlled trials shows it 
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mayy be useful to give prophylactic antibiotics prior to catheter insertion or to flush the catheter with combined 
vancomycinn and heparin, but microbial resistance may occur unless this practice is limited to high-risk patients. 
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GRAPHS S 

Review;;  Prophylacti c antibiotic s for preventin g «arty centra l venou s cathete r Oram positiv e Infection s in oncolog y patient s 
Comparison ::  01 vancomyci n versu s contro l 
Outcome ::  02 cathete r related  sepsi s 

Studyy Treatmen t Contro l Odds Ratio (Fixed ) Weight Odds Ratio (Fixed ) 
n/NN n/N 8 5 * Cl ( * ) 95S CI 

Limm 1963 7/43 16/46 g | : 506 0;36 [0.13.057 ] 

Uungmann t» 7 2/33 0/32 *  1.8 5,18 [0.24. 111.77] 

Ransonn 1880 8/36 0/36  28.1 1.00 [0.34,2.81 ] 

VAssflomanfaM ss 1886 1/16 5/11 * 21.S 0.08 [0.01.0.84] 
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Review::  Prophylacti c antibiotic s forpreventln g tall y centra l venou s cathete r Dram positiv e infection s in oncolog y patient s 
Comparison ::  01 vancomyci n flus h versu s hepari n flush 
Outcome ::  01 cathete r related sepsi s 

Study y Treatnw t t 
rt/N N 

Control l 
n/N N 

Oddss Ratio (Freed) 
9 5 ** CI 

Weight t 

ae e 
17.6 6 

4.1 1 

25.6 6 

100.0 0 

Oddss Ratio (Fixsd ) 
9611 CI 

0.3*10.14.. 1.06 I 

0.300 [0.84. 2.58] 

2.000 [0.17.23.44] 

0.077 [0.00. 1.26] 

0.355 [0.10,0,77] 

Barrig aa 1997 

Henrickso nn 20CB 

Rackof ff  1085 

Schwart zz 1990 

7/38 8 

1/28 8 

2/26 6 

0/21 1 

18/44 4 

7/844 4-

1/27 7 

6/244 +

Total<9fl ** CI) }0mt  30/156 
Testt  for heterogeneit y chi>square=3.1 9 df=C o=0.3528 
Testt  for overal l effect=- 2 61 p=0U09 

.11 2 1 5 10 

Favour ss treatmen t Favour s contro l 

Review::  Prophylacti c antibiotic s for preventin g early centra l venou s cathete r Gram positiv e infection s in oncolog y patient s 
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Enn dan eindelij k het dankwoord... . 
Heell lang heb ik er naar uitgezien dit te schrijven, want het betekent dat het boekje klaar is, en 

ikk dacht dat dat moment nooit zou komen 

Allereerstt wil ik alle patientje s bedanken, voor het meewerken aan alle onderzoeken. Zonder 

julliee was dit proefschrift niet tot stand gekomen. Een patientje vroeg mij op de poli "sta ik nu 

inn je boekje", word ik nu beroemd ? Nee, namen staan niet in het boekje, maar voor mij zijn 

julliee veel beroemder dan alle beroemdheden samen, jullie zijn stuk voor stuk "kanjers" en ik 

hoopp dat al het onderzoek in dit boekje ertoe bij draagt dat "toekomstige patientjes" minder 

lastt hebben van infecties en minder infecties zullen krijgen, en daar hebben jullie allemaal je 

steentjee aan bijgedragen. 

Proff  Dr Voute , best e Tom , door jou heb ik de stap gezet om een proefschrift té beginnen, je 

enthousiasmee en nieuwe ideeën stimuleren zo, dat je een echte klinicus toch zover krijgt om 

eenn proefschrift te schrijven. Al tijdens mijn kindergeneeskunde opleiding in Johannesburg had 

jee ideeën over de relatie voeding en kanker, maar voor onderzoek was in Baragwanath hospita) 

niett veel tijd én was ik al lang blij dat ik voor vertrek naar Nederland mijn mastersprojekt kón 

afronden.. Het stokje van promotor schap heb je overgegeven aan Huib Caron, maar ik ben wel 

heell blij dat je in de promotiecommissie zit, dank voor je vertrouwen in mij. 

Proff  Dr Caron , best e Huib , toen Tom het stokje van promoto r aan jou doorgaf, moest ik 

daarr in het begin erg aan wennen. Jij bent zo slim, zo gedreven, eist zoveel, ik dacht dat kan ik 

nooitt bijbenen. Er is in het begin dan ook menig traan gevallen. De uitspraak "delete na de 

introduktie"" zal ik niet gauw vergeten. Maar Huib zonder jou input, ideeën en discussies over 

watt de beste manier was om het artikel op te zetten, wat de kern van het onderzoek is en hoe 

jee het over wil brengen op anderen zou ik dit werk nooit op deze manier voltooid hebben, 

bovendienn maakte je altijd tijd vrij in je drukke programma, en las je de zoveelste versie binnen 

eenn week zodat ik weer verder kon. Ik heb dat heel erg gewaardeerd en had mij geen betere 

promoterr kunnen wensen. Je hebt me zelfs zover dat ik ook enthousiast ben geworden voor 

vervolgg projecten. Duizendmaal dank... 

Proff  Dr Kuijpers , best e Taco. Een aanzienlijk deel van het proefschrift combineert de oncologie 

mett de immunologie dus was het vrij logisch dat jij de copromoto r werd, en daar was ik heel 

dankbaarr voor. Hoe druk je ook was je vond altijd tijd een zoveelste versie snel voor me na te 

kijken.. Als er weer een presentatie moest worden gehouden over neutropene enterocolitis dan 

zorgdee je ervoor dat de powerpoint slides er perfekt uitzagen en dat de juiste vragen gesteld 

werden.. Je kreeg wel wat van mijn punten en komma's die altijd op de verkeerde plaats 

stonden,, of er helemaal niet stonden, ooit sal alles reg kom. Je rust, hulp en liefde voor de 
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immunologiee heeft mij enthousiast gemaakt voor de immunologische aspekten binnen de 

kinderoneologie,, waarvoor mijn hartelijke dank. 

Liev ee Leontien . Jij was mijn "partner in crime" wat de systematic reviews betreft. We hebbén 

samenn wat afgeploeterd met het SDD stuk. Samen op een zondag in jouw tuin in Zeist, dat 

vondd ik heel bijzonder. Zonder jouw hulp met de analyses en het lOx nakijken van de data was 

hett geen stuk geworden, dat nu in ieder geval bij de Lancet is "gesubmit", we gaan duimen dat 

hett daar wordt aangenomen. Nu ben je coordinating editor van de Cochrane childhood cancer 

revieww group, en gaan we samen zorgen dat er nog veel meer systematic reviews in de 

kinderoneologiee komen. Dank voor al je hulp Leontien. 

Dann de andere leden van de promoti e commissie . 
Best ee Prof . Hesseling . Met mijn achtergrond van mijn kindergeneeskunde opleiding in Zuid-

afrikaa en een mastersprojekt dat nu het 2e hoofdstuk is van het boekje, was het voor mij niet 

eenn volledige promotie als er niet iemand bij was uit Zuid-afrika, en daar bent u de aangewezen 

persoonn voor. U bent de professor waar ik ook mijn FCP-pediatrics II examen bij heb gedaan en 

vreselijkk streng vond toen. Tijdens alle SIÖP congressen heb ik u beter mogen leren kennen, en 

henhen ik zeer vereerd dat u in mijn promotie commissie plaats heeft genomen. Baie baie dankie, 

enn geniet die tulpe in die lente in Holland. 

Best ee Prof . Vossen . Na mijn opleiding in Zuid-Afrika heb ik bijna 2 jaar in Leiden in uw centrum 

mogenn doorbrengen om de ins and outs van beenmergtransplantaties te leren. En natuurlijk 

werdd ik toen al gestimuleerd om te promoveren. Samen hebben we een aantal projekteh 

ondernomen,, maar of doof de aard van het onderzoek of de opzet van het onderzoek zag ik 

hett nooit helemaal zitten. "Pseudomonas stammen" in de wasbakken uitzoeken, nou dat werd 

nietss met Marian. Eenmaal in Amsterdam vroeg u iedere keer "hoe staat het met de promotie" 

enn ja, het is nu toch zover gekomen. Bedankt voor het plaats nemen in de promotie commissie. 

Best ee Prof . Heymans , best e Hugo . Je enthousiasme over de uitwisseling van arts-assistenten 

naarr Kaapstad kan ik zeer waarderen, en samen hebben we ook wel eens zitten brainstormen 

overr de opleiding in Zuid-Afrika. Het is voor mij een eer je in de promotie commissie te hebben, 

enn kijk uit naar de discussies op 23 april. 

Best ee Prof . Offringa , best e Mar t in . Toen ik in 1997 in het AMC begon was de eerste cursus 

diee ik mocht volgen een EBM{evidence based medicine)course. Jij hebt me geïntroduceerd in 

dezee techniek en ervoor enthousiast gemaakt, en aangemoedigd om een Cochrane review te 

doen.. Dank voor je tips, dank voor alle bemoedigende woorden, en dank voor het plaats 

nemenn in de promotie commissie. 

Best ee Prof . Speelman . Sinds mijn AMC tijd bezoek ik ieder jaar t rouw het infectie symposium 

enn daar heb ik een enorme bewondering voor u ontwikkeld. Een persoon met een brede 

ervaringg in de infectiologie en een goede klinicus. Bij het laatste symposium hield u een lezing 
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overr de behandeling van Clostridium difficile infecties, wat natuurlijk mooi aansluit bij mijn 

neutropenee enteroliths artikel. Dank voor het plaats nemen in de promotie commissie. 

Dann alle mensen die mee hebbe n gewerk t aan de verschillend e onderzoeken.. . 
Jann Taminia u Het neutropene enterocolitis onderzoek was niet mogelijk geweest zonder de 

inputt van de Kinder-gastroenterologie (Bert Derkx, Diderik Bosman, Hankje Escher,Michelle 

Zuckermann,Markk Benninga). Het was jou idéé om hét prospectief te onderzoeken met 

rectoscopieenn bij deze kinderen. Altijd even enthousiast óver het uitwerken van nieuwe ideeën 

off het zoeken in de literatuur naar een pathofysiólogische verklaring, dat heb ik heel erg 

gewaardeerd.. Ik hoop dat we straks verder kunnen met interventie-studies voor de neutropene 

enterocolitis.. Dank voor het altijd klaar staan, ook al was het vrijdag middag 5 uur... 

Prof .. ten Kate: Alle microscopie van de NEC studie is door u verricht. Met het opschrijven van 

hett case-report heeft u me geïntroduceerd in de microscopie van de neutropene enterocolitis. 

Uww kamer ligt helemaal vol met microscopie glaasjes maar u weet er altijd de goede uit te 

halen,, dank voor alle hulp. 

Lodewij kk  Spanjaard : we begonnen met discussies over het opzetten van een klinische trial 

overr hét toedienen van antibiotica voor insertie van de centraal veneuze lijn, later werd het een 

systematicc review. Dank voor het meedenken en discussieren over kweken, kwantitatief of 

kwalitatieff en over wat een goed antibiotica beleid is in het oncologische kind. Jou betrokkenheid 

bijj de kliniek heb ik altijd zeer gewaardeerd. 

Maartenn Biezeveld : Alle immunolgische bepalingen van het neutropene enterocolitis onderzoek 

werdenn door jou gedaan op het CLB. Ik kon er altijd op vertrouwen de data op tijd terug te 

hebben.. Heel hartelijk dank voor je hulp. Succes met de afronding van je eigen proefschrift en 

proficiatt met je plaats voor de kindergeneeskunde opleiding. 

Jobb van Woensel : Voor het selecteren van een 2e reviewer bij de systematic review over lijnen 

wass jij de aangewezen persoon hiervoor. Jij hebt me geleerd wat minder fel tegen kritiek van 

reviewerss aan te kijken en het vooral rustig en opbouwend te beantwoorden, dank en veel 

success met je 2e Cochrane review met Danielle Blom. 

Moniekk de Witte:Wa t was ik blij Moniek dat jij tijdens je co-assistententijd er zoiets als een 

systematicc review over SDD bij wilde doen. Het was een heel werk, maar je deed het vol 

enthousiasmee en uiteindetijk is het een prachtig stuk geworden. Blijf zo enthousiast als je bent, 

enn heel veel success op het NKI en in je verdere carrière. 

Bregtj ee Lemkes : Samen met Emma hebben jullie een aantal maanden alle data verzameld van 

allee oncologische patientjes en hun MBL-data. Ik kon altijd op je rekenen Bregtje, vooral toen we 

ongeveerr binnen een week alle data moesten verwerken en een presentatie in elkaar moesten 

draaien.. Het is gelukt met jou hulp. Heel veel succes met de co-schappen en heel erg bedankt. 

Mireill ee Vossen : Het onderzoek om kinderen te vaccineren tegen waterpokken was praktisch 

lastigg uitvoerbaar, maar met de klinische en de virologische data samen is het toch een mooi 
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artikell geworden. We hebben samen met Taco wat zitten worstelen over de resultaten en de 

discussie,, allemaal in December.. Ik heb het heel erg gewaardeerd dat je je aan mijn deadline 

gehoudenn hebt en gewoon tussen kerst en oud en nieuw alles samen met mij klaar hebt 

gemaakt.. Echt super.. Heel veel succes met je eigen proefschrift, dat gaat zeker lukken. 

Jann Weel. Dank voor al je input in de waterpokken studie. Veel waardering had ik voor de 

verbondenheidd met de kliniek. Het project gaat nog steeds door maar jij zit ondertussen in 

Leeuwarden,, zonder Pauline  Werthei m en Hans Zaaije r zou dat niet gekund hebben. Dank 

voorr al jullie hulp. 

Koer tt  Dolman . Samen hebben we onze 2 studentes begeleid op het MBL project. Nu gaan we 

verderr met Florien op het MBL-substitutie project. Jou heerlijk spontaan enthousiasme is wat een 

menss af en toe nodig heeft. Ik waardeer je daarin heel erg en hoop nog veel met je samen te 

werken. . 

Enn natuurlijk het secretariat. Carolien , Katenka , Nienk e en Annelize . Alle brieven en geregel 

omm de publicities de deur uit te krijgen, zonder jullie, en vooral zonder mijn zuid-afrikaanse 

maatjee was dat niet gelukt. 

Enn om het hele proefschrift een mooie lay-out te geven was niet gelukt zonder Chri s Bor . Geen 

gemakkelijkee opgaaf want alle documenten liepen vast, nog noooit meegemaakt, maar het is 

gelukt,, heel hartelijk dank. Inge Kos heeft mij geholpen met de kaft van het boekje. Het is 

prachtigg geworden, mijn zuid afrikaanse achtergrond is er goed in terug te vinden, dank. 

Enn dan F8Noord . 
Sindss 1997 werk ik met veet plezier met alle "onco-zakken" (Huib , Jan, Henk, Jozsef , Cor, 

Arnaul dd en Hans) . Samen vormen we een goed team, de een meer op de kliniek de ander 

meerr in het onderzoek. Het laatste half jaar heb ik me noodgedwongen teruggetrokken uit de 

kliniekk om het boekje af te schrijven, dat had niet gekund zonder julüe hulp waarvoor heel 

hartelijkk dank. Vooral Liev e Tijtgat , die nu in Zaandam werkt wil ik extra bedanken omdat zij 

dee zorg had over heel wat van mijn "moeilijke" patientjes. Het Soemalie project is gelukt, dank 

zijj jou. Heel veel succes als opleider in de Heel, ik heb er alle vertrouwen in. 

Ookk Hans wil ik extra noemen. Mijn maatje op F8 Noord, problemen van de afdeling, problemen 

mett patientjes, we kunnen het altijd bij elkaar kwijt maar ook waren wij de enige 2 niet 

gepromoveerdenn op de gang en dat schept heel gauw een band. Samen naar deadlines 

toewerken,, samen statistische problemen oplossen en ook in hétzelfde jaar promoveren. Dank 

voorr alle cappucino's, broodjes op het plein, en vooral dank voor de bemoedigende woorden, 

voorall in de laatste maanden. Ik weet zeker dat zowel Hannek e als jij een mooie promotie 

tegemoett gaan, veel sterkte met de laatste loodjes. 

Enn dan de verpleging.. . Het is alom bekend dat de verpleging van F8noordgoed georganiseerd 

iss en goed functioneert. Dat komt door de feedback iedere middag om 4 uur, luisteren naar 
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elkaarr en m Veten van jullie zijn meer dan verpleging voor mij, iedereen kan ik hier niet 

noemen,, maar mensen zoals Jane, Hannek e en Edit h kan ik hier niet overslaan. Ik hoop dat we 

nogg heel lang samen zullen werken, en buiten het werk nog veel gezellige etentjes zullen regelen. 

Dee arts-assistenten . Zonder jullie zou het boekje helemaal niet af komen. Dank voor alle hulp 

enn inzet op onze afdeling. Ik kijk er naar uit weer meer kliniek te doen en jullie in de oncologische 

kindergeneeskundee verder te begeleiden. 

Astri dd en Yvonn e moeten zeker genoemd worden, altijd maar weer statussen vinden, of 

patientnummerss zoeken dank 

Nelia ,, het laatste jaar zijn we heel intensief met elkaar opgetrokken. Omdat jij de promotie net 

gehadd hebt kon je me veel tips geven en helpen bepaalde valkuilen te voorkomen. Dank voor 

jee steun, de kopjes thee en dank voor je kleine heel speciale kadotje dat mij door de promotie 

heenn zal helpen. 

Dee pol i en dagbehandeling . Ook in het laatste half jaar heb ik wel de poli door gedaan ook 

all was het op een lager pitje. Het is dan belangrijk dat alles goed is voorbereid door de verpleging. 

Eerstt werden mijn poli's voorbereid door Wi l op dinsdag en Suzanne op woensdag, nu zijn 

Greett  en Suzann e mijn trouwe maatjes. Maar ook Sonja , Vera en alle anderen waren bereid 

inn te springen toen de dinsdag poli niet meer door Wil gedaan werd. Dank voor al het geregel, 

voorr alle kopjes koffie en thee en voor altijd een luisterend oor. 

Vrienden : : 
Mijnn Paranymfe n Magd a en Ingri d 

Magd aa we kennen elkaar al sinds Nijmegen het eerste jaar psychologie aan de K.U Nijmegen. 

Heell veel hebben we met elkaar opgetrokken van samen studeren tot samen op vakantie gaan. 

Nuu zien we elkaar minder frequent maar het kontakt blijft hecht en ik ben dan ook heel blij dat 

jijj op 23 April aan mijn zij zal zitten, ik hoop dat jou psychologische blikken een gunstige 

uitwerkingg zullen hebben op de promotie commissie. En heel hartelijk dank voor de organisatie 

rondomm het feest. Ik weet dat ik een onmogelijke wens had, maar ik weet ook dat je je uiterste 

bestt hebt gedaan er iets moois van te maken. 

Ingrid .. Wij kennen elkaar vanaf het eerste jaar medicijnen aan de KU Nijmegen. Achter de 

microscoopp kijkend naar histologie plaatjes is de vriendschap begonnen. 

Onss grootste project tijdens de studie was de wetenschappelijke stage in het buitenland regelen, 

enn wat hebben we een gouden tijd gehad in lowa. Na de studie ging ik naar Zuid-Afrika, en 

vondd ik het geweldig dat je me daar op kwam zoeken, en hebben we samen een heerlijke 

vakantiee gehad. Nu werk je als gynaecoloog in Rotterdam en ben je nu ook serieus bezig zo'n 

boekjee in elkaar te draaien, knap hoor met 2 kleine kinderen om je heen. Ingrid ik vind het een 

heerlijkk vertrouwd gevoel dat jij mij bij zal staan als paranymf, en dank voor je organisatie 

rondomm het feest. 

Cathy .. I have known you from the first year I started as a senior house officer in pediatrics at 
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thee Johannesburg hospital. You and your family became my family, and i won't forget the 

Sundayy afternoon lunch and relaxing at the pool. We did our whole registrar time together and 

althoughh you graduated before me you kept phoning me at 10 at night to find out how the 

studyy was going. Then I went back to the Netherlands and you followed a year later and 

workedd as a neonatologist in Leiden. I really thought you had become a 'doggie' and wouldn't 

leavee Holland, but you are in Aberdeen now, where you can talk English again. I miss you in 

Cloggylandd and I hope sincerely that you will be there on the 23rd of April. 

Paulien .. I have known you since I was about 3 years old... For me you are my big sister, the 

sisterr I never had. You were always the one who wanted me to enjoy life and not study so hard. 

Evenn as a little girl you would tease me and make me swim before doing my home-work. 

Recentlyy you spent a few years in Holland. I was very pleased you were close tö me, but I could 

seee you were not happy here. Now you are back in good old 5A. I miss you here, but I'm 

pleasedd that you are happier now. I really wish you could be here on the 23fd of April. Thanks 

Paulienn for the help with the cover of the thesis, it is really appreciated. 

Moira ::  We grew up together in Durban. Because we are the same age we thought of each other 

ass sisters. Although our lives separated we always kept in dose contact with each other, and 

duringg the 7 years I spent in Johannesburg you and your family were my home away from home. 

Thee day you told me Hayden would be my Godson was very spedal for me. I'm sorry you will not 

bee there in April, but I will come and tell you all about it in May. Thanks for always being there. 

Margreet .. Wat vind ik het erg dat je deze dag niet samen met mij kan meemaken. 

Ikk had veel bewondering voor je als mens en als collega. De kracht waarmee jij in het leven 

stondd en de laatste jaren je ziekte gedragen hebt was heel bijzonder. De spreuk op je graf past 

heell goed bij jou "As long as men will breathe or eyes can see, so long lives this and this gives 

lifee to thee"(W.Shakespeare). Ik hoop dat je ergens bij me zal zijn op 23 april. 

Ellen ,, eerst kende ik je als secretaresse van Tom, later werden we vriendinnen van elkaar. Dank 

voorr alle gezellige etentjes, het uurtje ontspanning iedere week, zonder jou ging ik niet 

zwemmen,, en dank dat je even mijn privé secretaresse wilde zijn om alle adressen goed 

georganiseerdd te krijgen. Nu kun je ook weer eens bij mij komen eten.... En dat laatste geldt 

voorr alle andere vrienden. De etentjes waren allemaal afgelast want Marian had geen tijd. Ik 

hoopp dat daar verandering in komt. Ciska, Tecla en Jacquelin e we moeten nodig wat afspreken, 

ookk al missen we Margree t nog vreselijk. De stelling over vrienden in mijn proefschrift is 

bewustt gekozen omdat ik heel dankbaar ben voor de club vrienden om mij heen, die mij 

helpen,, liefde geven en vertrouwen hebben in alles wat ik doe. Dank.... 

Lievee pappa en mamma, het proefschrift is aan jullie opgedragen omdat ik heel blij en dankbaar 

benn dat jullie er altebei bij zijn. Zo vaak zei pappa tegen mij, komt dat proefschrift nou nog eens 

af,, ik wil het wel meemaken. Het is gelukt, en jullie zitten beiden op de eerste rij in de Lutherse 

kerk.. Als enig kind heb ik altijd alle aandacht gehad en werd het mij mogelijk gemaakt in 2 landen 
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opp te groeien. Doorr jou beroep pappa (kapitein grote handelsvaart) werd het mij mogelijk gemaakt 

all op jonge leeftijd veel van de wereld te zien. Dat geeft een verrijking van het leven. Dank voor 

julliee vertrouwen in mij, en dat jullie mij de gelegenheid hebben gegeven zover te komen... 

Andd last but not least mijn allerliefste Chris Zoveel jaren kennen we elkaar al maar er was een 

congress in Australië voor nodig in 2001 om te beseffen dat we zover van elkaar niet zonder 

elkaarr verder wilden. Jou steun, liefde, begrip en gezelligheid is hier niet in woorden uit te 

drukken.. Ik hoop dat we samen een lange toekomst tegemoet gaan en ik ben heel trots en 

dankbaarr dat je deze periode in mijn leven mee hebt mogen beleven. 

Verderr heb je mijn leven verrijkt met jouw kinderen, Constantijn , Christiaan , Elisah , Jasmij n en 

Amber .. Het is een voorrecht te delen in hun leven, en de tiener perikelen van dichtbij mee te 

maken.... Amber 14 jaar vroeg op een keer "wat doe je toch altijd achter de computer", ik 

verteldee haar dat ik een boekje schreef en toonde haar een ander proefschrift. Ze vroeg mij " vind 

jee dat leuk??", daar moest ik over nadenken, en antwoordde ik "als het af is is het leuk" want dan 

geeff je een groot feest, en dan mag jij ook komen. Nou dat wasgoed, dus Amber geniet ervan.,.. 

Enn wel een heel bijzonder plekje in mijn hart heeft je oudste zoon David , die op 4 jarige leeftijd 

inn het EKZ is overleden aan een infectie tijdens de behandeling voor leukemie. Ik zat toen nog 

opp de middelbare school en voor mij was dit mannetje een trigger om eerst in het EKZ stage te 

lopenn tijdens de studie Geneeskunde, maar ook om de richting van de kinder-oneologie uit te 

gaan.. Nu werk ik als kinder-oncoloog in het EKZ en promoveer ik op infectieuze complicaties 

tijdenss de behandeling voor kanker, zodat kinderen zoals David hier profijt van zullen hebben 

enn minder ernstige infecties zullen krijgen en hopenlijk niet meer aan infecties zullen overlijden. 

Opp de toekomst van al onze patientjes.... 

Enn op onze toekomst samen Chris 
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Stellinge nn behorend e bij het Proefschrif t van M.D. van de Weterin g 

Langdurigee opnames van patientjes met kanker in Zuid-Afrika leiden tot infecties met resistente 

organismen,, vooral Gram-negatieven en schimmels, (dit proefschrift) 

&& Prophylactische antibiotica voor het inbrengen van een central veneuze lijn is aan te raden bij 

oncologischee kinderen met een infectie risico van meer dan 10%. (dit proefschrift) 

•• SDD leidt niet alleen tot vermindering van het aantal Gram-negatieve infecties, maar ook de sterfte 

tenn gevolge van infecties zal door SDD verminderen, (dit proefschrift) 

<&<& Het op juiste wijze uitvoeren van een systematische review geeft antwoord op goed geformuleerde 

klinischee vraagstukken, (dit proefschrift) 

•• There are many doctors who are convinced GOBSAT evidence (good old boys sitting around the 

table)) is the best available evidence. (BMJ 1999) 

<$•• lnterleukine-8 is een goede voorspeller voor de ernst van het beloop van neutropene enterocolitis. 

(dit(dit proefschrift) 

fyfy Betere communicatie tussen arts en patient zou heel wat leed kunnen voorkomen, (actueei) 

•• Voor een goede communicatie geldt dat de zender verantwoordelijk dient te zijn voor een goede 

ontvangst,, (actueel) 

&& Er moet een goede balans zijn tussen evidence based medicine en patient centered medicine. 

(Prof.Dr(Prof.Dr J Bensing,gezondheids psycholoog in arts en auto Feb 2004) 

•• Life is like a box of chocolates, you never know what you are going to get. (Forest Gump) 

•• Many people will walk in and out of your life, but only true friends will leave footprints in your 

heart.. (Eleonor Roosevelt) 

•• We can do no great things, onfy small things with great love (Danielle Vernooy 1984-2003) 

<$>> Kinderen zijn zo bijzonder omdat ze het vermogen hebben van het leven te genieten, daar kunnen 

wee als volwassene veel van leren. (Wayne Dyer, psycholoog in "bloemen langs de weg"). 
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