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ABSTRACT 
The number of patients undergoing allogeneic hematopoietic stem cell transplantation 
(allo-HSCT) is steadily increasing, and the outcome of this intervention is largely 
dependent on how well complications in the form of severe infections can be 
adequately diagnosed and controlled. Adenoviruses (AdV) have emerged as important 
causes of morbidity and mortality in these patients. Early diagnosis of the infection by 
detection of viral DNA may improve the prognosis. In paper I we evaluated a 
surveillance strategy for detection of AdV DNA by real-time PCR in a prospective 
study of hematological allo-HSCT recipients. In parallel with a routine 
cytomegalovirus surveillance program, plasma samples from 97 recipients were 
analyzed by quantitative PCR for detection of AdV DNA. A total of 5% of the patients 
had detectable AdV DNA in plasma. Only one patient had high titers and none 
developed AdV disease. Bone marrow as a source of stem cells and myelodysplastic 
syndrome as the indication for transplantation were independently associated with 
higher risk of acquiring AdV infection. We concluded that the strategy did not have a 
significant effect on the clinical outcome in our material, but given the sometimes high 
incidence of AdV infection and disease in other settings, we do not dismiss the idea of 
surveillance. With a somewhat different approach to improve the clinical care for 
patients undergoing immunosuppressive treatment, we investigated the etiology to 
febrile neutropenia. Chemotherapy-induced neutropenia is one of the major side effects 
of the treatment of maligancies, and the risk of infection is increased by the severity 
and duration of neutropenia. The empiric administration of broad spectrum antibiotics 
has substantially decreased the mortality rate of patients with febrile neutropenia, but in 
only approximately one-third or fewer of the fever episodes, bacterial infection is 
documented. It is likely that other pathogens, such as viruses, play an important role as 
etiological agents, and an overuse of antibiotics could be anticipated. Therefore, in 
paper II and paper IV we investigated the presence of common viral infections and 
febrile neutropenia in children with cancer as well as adult patients with hematological 
disorders. A broad range of respiratory viruses in nasopharyngeal aspirate (NPA) and 
viruses commonly reactivated in allo-HSCT recipients were sought for. With human 
rhinovirus (HRV) being the predominant virus, we found an viral agent in half of the 
cases in the pediatric cohort. Of these, 25% co-ocurred with a bacterial finding. Virus 
detcted in blood was a rare event. In the adult population, we detected a viral pathogen 
in 42% of the episodes of febrile neutropenia. This should be compared to 13% in 
afebrile neutropenic patients that were included as controls. In both groups, 
approximately half of the viruses were detected in blood. The predominant respiratory 
virus was HRV, whereas BK virus was the commonest finding in blood. In one-third of 
the virus-positive cases, a bacterial infection was documented. We furthermore found 
NPA being superior to a flocked nasal swab for collection of respiratory specimens 
(paper III).  We concluded that the prevalence of viruses was high in neutropenic 
patients with fever, and it was higher than for neutropenic patients without fever. It is 
plausible that a number of the patients with febrile neutropenia suffer from viral 
infections, and are thus not helped by antibiotics. Unfortunately, the presence of virus 
could not function as a predictor for non-bacterial infection. The findings, however, 
warrants further research related to the earlier achievements with aim to identify 
patients where continuous empiric antibiotic treatment could be avoided. 
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1 INTRODUCTION 
 
A beginning exists - at least for biological life on planet earth. About four billion years 

ago, lifeless molecules formed cells, the structural and functional units of all living 

organisms with the ability to reproduce themselves. At some later stage, relatively 

simple unicellular organisms became multicellular, and the cells began to differentiate 

to form organs working together in more complex organisms. All shapes of life were 

targets for invaders and, to be a lucky member of the fittest, defense mechanisms were 

developed in order to kill or live side by side with the trespassers [1]. Thus, the immune 

system that keeps you alive today is the result of a billion-year project – a diamond that 

was polished on the beaches of Rodinia and Pangæa. 

 

Recently in this perspective, during World War II, the chemical warfare agent, nitrogen 

mustard, leaked out from a U.S. liberty ship after a German air raid in Italy. Autopsies 

of the victims revealed results suggesting a profound suppression of cell types that 

normally divided rapidly. With this knowledge, two pharmacologists set up an animal 

model where they treated cancer with mustard agents [2], and ever since, antineoplastic 

drugs have dominated the treatment of cancer in humans. A myth or not, the story 

reflects the time point of the discovery of antineoplastic chemotherapy [3]. Although 

the drugs have been refined, the adverse effects are severe; the carefully designed and 

frequently dividing immune cells are also affected and, subsequently, infections are the 

major cause of morbidity and mortality beside the cancer itself. 

 

Even when taking the time span of the immune system’s development into 

consideration, the excellence of the system is so inconceivable that neither Darwin’s 

theory nor other, less scientific, explanations make the success comprehensible. 

Fortunately, that mystery is beyond the scope of this thesis which will mainly focus on 

certain infections in cancer patients being immunodeficient due to anti-cancer 

treatment. However, keeping a larger picture in mind will help us understand the 

magnitude of the problem that infections cause in immunocompromised individuals. 
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2 BACKGROUND 
 
2.1 IMMUNOLOGY 

 
As described in the introduction section, the immune system is the result of many years 

of evolution. One part, the non-specific, is rather static and retains the same properties 

during an individual’s life. However, the other part, the specific immune system, has 

the ability to adapt to the current environment and so to say undergo an intra-individual 

evolution. In the following sections these two parts of the system are described in 

general and broad terms. 

 

 
2.1.1 The non-specific immune system 

 
The very first defense against infections would be the behavior; you do not go towards 

a sneezing or coughing person and you do not eat food that obviously been mishandled. 

However, avoiding any contact with pathogens is impossible. The body has to be in 

contact with its surrounding in order to exchange oxygen and carbon dioxide, reach 

nutrition and get rid of non-digestible food, eliminate ammonia, and to explore the 

environment. Thus, the respiratory and the gastro-intestinal epithelium, the urothelium, 

and the skin, respectively, are technically the outside of the body. Although these 

barriers are the first line of defense against pathogens and possess numerous of defense 

mechanisms [4-8], their cells are not usually addressed as “immunological”, a title they 

undoubtedly deserve! The non-specific immune system is non-specific in the sense that 

it contains mechanisms that exist before infection. However, as it is developed to 

protect from, in principle, all non-self structures it is specific regarding the selection of 

self and non-self. 

 

The cells that contribute to the rapid non-specific immune response are macrophages, 

neutrophils, and the natural killer (NK) cells. Macrophages and neutrophils use 

phagocytosis to eliminate their enemies, whereas the NK cells kill cells that cannot 

show that they are “self”. Some macrophages are distributed in the tissues to screen the 

surrounding whereas others are recruited to the tissue upon infection. The classical 

signs of inflammation are caused by the innate response, and the pus that may appear 

mainly consists of sacrificed neutrophils. Upon viral infections, one important part of 
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the innate response is the production of type I interferons (Figure 1a). These molecules 

set the cells in an “antiviral state” that minimizes the viral spread until an adequate and 

specific (adaptive) immune response is reached (Figure 1b). It further stimulates NK 

cell activity and facilitates the survival of dendritic cells that, via their antigen 

presentation, are one of the bridges between the non-specific and specific immune 

system [9]. 

 

 

 

 
 
 
Figure 1a. A simplified schematic illustration of a host cell’s recognition of, and 
immunological response to, viruses (blue stars). Membrane-bound Toll-like receptors 
(TLRs) on the cell surface can recognize certain viral protein structures, whereas TLRs 
in endosomal compartments are capable to detect different viral genomes. Other 
pattern recognition receptors are the RIG-I-like receptors (RLRs) that detect the viral 
genome in the cytoplasm. These two families of pattern recognition receptors comprise 
the front line of defense that the host possesses against viral pathogens. Among many 
other actions, the induced type I interferons increase the ability of uninfected host cells 
to resist the virus. 
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Figure 1b. Simplified schematic illustration of the action of type I interferons. Viruses 
recognized by a host cell, induce production of type I interferons which have their 
action on nearby cells. Uninfected cells (to the right) are induced to produce type I 
interferons and anti-viral peptides, whereas already infected cells (to the left) undergo 
programmed cell death, apoptosis. Type I interferons also induce other cells to produce 
interferons. Finally, the response activates cells from the non-specific immune system. 
 

 

2.1.2 The complement system 
 

A number of proteins circulate as precursors in the bloodstream, ready to be cleaved 

and thus activated. In their active form they are able to facilitate the ability of 

antibodies and phagocytic cells to eliminate pathogens. Specific actions are either direct 

or indirect. Lysis of membranes of pathogens, clumping of the pathogens, and changing 

of viruses’ molecular structure are examples of direct actions independent of other 

mechanisms, whereas opsonization of pathogens and attraction of innate immune cells 

via chemotaxis enhance mechanisms from other parts of the immune system. Although 

it can be recruited and brought into action by the specific immune system, the 

complement system belongs to the non-specific part. The involved proteins do not 

adapt and the mechanism could therefore be addressed as a “non-specific humoral 

defense system”. The proteins are produced by the liver and use three different 

pathways for activation; the classical, alternate, and the mannose-binding lectin (MBL) 
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pathways [9]. A mutation leading to an altered MBL production is suggested to be a 

risk factor for severe infections and fever in immunocompromised patients [10]. This is 

however controversial and a recent summary of the literature conclude that MBL could 

not be identified as an independent risk factor [11]. 

 

 

2.1.3 The specific immune system 

 
The components of the specific immune system are lymphocytes and their products. 

The number of lymphocytes in the human body is huge – 1000 billions with a 

cumulative weight of 500 grams and the size of the liver! This part of the immune 

system first appeared in jawed vertebrates and is thus much younger than the innate 

part. The specific immune response could be divided into the humoral and cell-

mediated immunity achieved by the B cells and the T cells, respectively. 

 

The humoral response is mediated by antibodies produced by certain B cells. The 

antibodies recognize specific antigens on the invaders, and can have two actions; 

neutralization of the infectivity of the microbes, and opsonization of the microbes for 

elimination by other mechanisms. For obvious reasons, the humoral defense is the 

principle mechanism against extracellular microbes and their toxins. However, it plays 

an important role in the defense against intracellular infections as well. 

 

The cellular immunity mediated by the T cells has its impact on intracellular pathogens 

such as viruses and some bacteria. Instead of using neutralizing antibodies, cytotoxic T 

cells promote destruction of microbes residing in phagocytes, but also induce lysis of 

infected cells. When a dendritic cell from the innate system shows an antigen in its 

receptor, it has to interact with the correct lymphocyte in order to initiate a 

proliferation. This “meeting” is made possible by the concentration of lymphocytes to 

the lymphoid tissues, but is still somewhat equivalent to finding a needle in a haystack. 

 

A simple explanation does not exist why the B cells and the T cells can be uniquely 

designed for specific pathogens or infected cells. In summary, due to gene 

recombination, the receptors on these cells are unique for each single cell. Via selection 

processes, only the lymphocytes with two important features survive; the ability to 

“shake hands” with the host cells in a descent way, and to distinguish “self” from “non-
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self”. Thus, the high number of lymphocytes and their uniqueness explain why there is 

at least one specific lymphocyte for each pathogen circulating. Those who cannot 

remember the past are condemned to repeat it, and one most important feature of the 

adaptive immune system is its ability to “remember” past infections. Keeping a pool of 

memory cells enables a much faster specific response upon re-infection. The specific 

immune response is essential for elimination of viral infections [9]. 

 

 
2.1.4 Fever 

 
The oldest known written reference to fever exists in inscriptions from the sixth century 

BC, with a flaming brazier that symbolized fever and the local warmth of 

inflammation. Roman military physicians also wrote of the resolution of fever in 

soldiers once pus was drained [12]. Fever is defined as an elevation of the body 

temperature above the normal range caused by a changed thermoregulatory set-point in 

hypothalamus. Just like a triggered thermostat, the brain sends signals to different 

mechanisms, such as shivering or vasoconstriction, in order to increase the body 

temperature. Molecules able to change the set-point, and thus induce fever, are called 

pyrogens and can be either endogenous (cytokines from the innate immune system) or 

exogenous (e.g. bacterial endotoxins). Most important endogenous pyrogens are 

interleukin (IL)-1, IL-6, and TNF-α, but other minor pyrogens, such as IL-8 and type II 

interferons, can also cause fever [13]. Also type I interferons, important cytokines in 

viral infections, are known to induce fever [14]. However, although it is not debated 

that infections in many situations cause fever, the classical mechanisms described 

above are debated [15]. 

 

Questions about the fever’s benefit have generated considerable controversy during the 

years because of substantial data indicating potentiating and inhibitory effects of the 

response on resistance to infection. As a result, there is no consensus about the 

appropriate clinical situations in which fever or its mediators should be suppressed [16, 

17]. 

 

Most people associate fever with infectious diseases, but also other conditions 

sometimes go with fever; neoplasms (e.g. lymphomas), inflammatory diseases (e.g. 

temporal arthritis), drug fevers (e.g. cytarabine). Differentiation between these types of 
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fever is one of the challenges within the clinical care of patients with febrile 

neutropenia. 

 

 
2.2 CANCER IN CHILDREN 

 
Cancer is a rare event in children compared to adults, but this fact is of course of little 

consolation to those approximately 300 children and their families who are affected in 

Sweden every year [18, 19]. During the last 40 years we have seen a dramatic 

improvement of the results from treatments of cancer in children and adolescents. With 

a great variation between the different diseases, in Scandinavia, four out of five of these 

patients survive at least five years after diagnosis [20]. In contrast to cancers in adults, 

the pediatric cancers often develop in embryonic precursor cells [21]. Approximately 

half of the malignancies are leukemia, and brain and spinal tumor. The remaining types 

are lymphomas, sarcomas, neuroblastomas, Wilms tumors, retinoblastomas, germ cell 

tumors, and epithelial tumors [22]. The success of cancer treatment in children can be 

attributed mostly to powerful combinations of chemo (and radio) therapies as well as 

advances within cancer surgery. Unfortunately, tougher treatments are associated with 

more severe side-effects and complications which have required improvements in 

intensive care of the child and increased knowledge about infections [22]. A form of 

solid tumor that was frequent in the children in study II are described here, while 

hematological malignancies are found in the next chapter. 

 

 

2.2.1 Neuroblastoma 
 

Neuroblastoma is a tumor that affects young children. The median age at diagnosis is 

about two years, but it also appears that children are born with the disease. The tumor 

develops in the sympathetic part of the autonomic nervous system, and neuroblastoma 

can thus occur in almost any part of the body; most commonly in the adrenal gland. 

Symptoms are often absent and the disease is instead detected by noticing a resistance. 

Sometimes the tumor secretes hormones that can cause diarrhea, sweating and other 

symptoms. Moreover, the tumor can press on other organs and thus cause symptoms. 

Simplified, the treatment is based on the classification of the disease; benign, moderate 

or aggressive. Surgery and observation is used in benign cases, whereas in more 
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advanced diseases treatment with chemotherapy, surgery, radiotherapy, autologous 

hematopoietic stem cell transplantation (HSCT), or 13-cis retinoic acid is employed. 

 

 

2.3 HEMATOLOGICAL DISORDERS IN CHILDREN AND ADULTS 

 
Generating 300 billions of blood cells daily, the production of red and white blood cells 

is of enormous proportion. Being a minority in the bone marrow, the hematopoietic 

stem cells have the capacity to replace the blood hundreds of times during a normal life 

span. Hematology is the subspecialty of internal medicine that deals with etiology, 

diagnosis, treatment, prognosis, and prevention of disorders of the blood and the blood-

forming organs. 

 

 
2.3.1 Disorders 

 
Hematological disorders are divided into groups and subgroups by different 

classifications. In the sections below the most common disorders from our patient 

cohorts are described. 

 

 
2.3.1.1 Lymphoma 

 
Back in 1832 the pathologist Thomas Hodgkin described the Hodgkin lymphoma (HL). 

This lymphoma should be followed by several additional forms. Thirty years ago, a 

consensus was reached to denote these additional lymphomas as non-Hodgkin 

lymphoma (NHL) [23, 24].  

 

 

2.3.1.1.1 Non-Hodgkin lymphoma 

 
A number of various different classification systems exist for lymphoma. NHL is a 

heterogeneous group of malignancies which is distinguished from the far less common 

HL. All NHL originate from lymphocytes or their precursors. One classification of 

NHL is based on the degree to which the “NHL cells” mimic the normal lymphocytes 

in different compartments of the lymph node, in bone marrow, in thymus, spleen, or 

http://en.wikipedia.org/wiki/Internal_medicine
http://en.wikipedia.org/wiki/Blood


 

  9 

other lymphoid organs. Both small lymphocytic lymphoma (SLL) and chronic 

lymphocytic leukemia (CLL) arise from prefollicular B cells, but manifest in different 

ways; if the disease, in addition to lymph nodes or other solid organs, involves blood, it 

is called CLL. CLL is the most common lymphoid malignancy in our part of the world, 

characterized by an increase in fairly normal lymphocytes. As a disease of the elderly 

the majority of patients are more than 50 years old and the median age at presentation is 

about 65 years. Both SLL and CLL have a slow progress and are considered incurable. 

The patients can, however, often live a fairly normal life, and therapy is generally 

aimed towards relief of symptoms. This is also true for follicular lymphoma, another 

NHL that is common in the Western Hemisphere. The cells of large cell lymphomas 

mimic the largest cells in a normal follicle, but do not form lymphoid follicles and are 

thus called diffuse large B cell lymphoma. This is an aggressive malignancy that 

responds well to chemotherapy; roughly half of the patients are cured. Another highly 

aggressive lymphoma is the Burkitt lymphoma which is mentioned here since it is 

hypothesized that it originates in the germinal center. It responds to chemotherapy but 

relapse is unfortunately rather common. Mantle cell lymphoma shares some features 

with SLL and CLL and is also incurable. However, it is more aggressive and has a 

median survival of 3-5 years. Marginal zone lymphomas normally have an indolent 

progress, but even with intensive treatment regimens the median survival of 3 years 

have been difficult to improve. Some lymphomas display T cell phenotypes, but T cell 

lymphomas are a minority of the NHL. The NHL above can be divided into high- and 

low-malignant NHL; diffuse large B cell lymphoma is the most common high-

malignant, whereas SLL, CLL, and follicular lymphoma are common low-malignant 

NHL. 

 

NHL mostly affects middle-aged and elderly, but also children have the disease, 

foremost originated in precursor B cells. Typically, NHL presents with painless 

swelling of one or several lymph nodes or other lymphoid tissues. Additional 

symptoms (B-symptoms) include night sweats, fever and weight loss. For indolent 

NHL, the clinical approach is expectation with regular check-ups until symptoms 

appear. Chemotherapy, sometimes together with radiography, is used for treatment of 

more aggressive and generalized disease [23, 24] 
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2.3.1.1.2 Hodgkin lymphoma 

 
HL is a malignancy that arises in lymphoid tissues and account for less than 10% of all 

lymphomas. It is divided into two major groups; nodular lymphocyte predominance 

HL, and the far more common classical HL. Similar to NHL the majority of patients 

have painless swollen lymph nodes. Furthermore, depending on subtype, HL patients 

can show B-symptoms. The incidence is biphasic with peaks around 20 and 70 years of 

age. Depending on the stadium of the disease, the treatment consists of either or both of 

radio- and chemotherapy. Relapse can motivate autologous HSCT [23, 24]. 

 

 

2.3.1.2 Acute leukemia 

 
Acute leukemia is characterized by a neoplastic proliferation of immature 

hematopoietic cells in the bone marrow. These blasts accumulate and consequently 

suppress the normal hematopoiesis which leads to anemia, neutropenia, and 

thrombocytopenia. Fatigue, infections, and bleeding disorders, respectively, are 

therefore common manifestations. The blasts enter the bloodstream in varying extent 

and organs can be infiltrated. Furthermore, extremely high levels can cause 

microcirculation disturbance. Acute leukemia can be classified into two categories 

where acute lymphocytic leukemia (ALL) is by far more common in children than in 

adults. The opposite relationship is true for acute myeloid leukemia (AML). Other 

clinically important distinctions between these groups are the treatment and the 

prognosis [25]. 

 
  
2.3.1.2.1 Acute myeloid leukemia 

 
AML is a neoplasm of immature myeloid precursor cells, myeloblasts, and is further 

divided into seven subtypes based on differentiation. The incidence increases with age 

so that the median age of AML patients is about 65 years [26]. The prognosis is 

dependent on several factors such as age, cytogenic abnormalities in the leukemic 

blasts, history of bone marrow disorder, treatment-related AML, multidrug resistance, 

hyperleukocytosis at presentation, etc. Children and individuals over 60 years of age 

have a poorer prognosis. The treatments can be divided into two phases. The induction 

chemotherapy aim to eradicate the malignant cell and obtain so called complete 
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remission (CR). As blasts still exist after induction therapy, the postremission therapy is 

necessary to prevent relapse. This therapy can be of similar intensity as for the 

induction therapy or be more aggressive including high-dose chemotherapy, autologous 

HSCT, or allogeneic HSCT (allo-HSCT). The treatment of AML subtype M3, 

however, requires a totally different set of regimens [25].  

 
 
2.3.1.2.2 Acute lymphocytic leukemia 

 
As for AML, ALL can be divided into subtypes, L1-L3. ALL account for about 75% of 

all pediatric leukemias [27]. In contrast to AML in children, ALL has an excellent 

prognosis in the age between 2-9 years. Approximately one third of adults survive, but 

for patients older than 60 years of age the prognosis is worse. Infants also have a poor 

prognosis. Other factors also influence; cytogenetic abnormalities, immunophenotype, 

hyperleukocytosis at presentation, etc. Many drugs are active in ALL and most children 

are cured with standard chemotherapy - a success that is only partially achieved in 

adults. The regimen typically consists of a 2- to 3-year program including of a 

combination of several drugs, both intravenously and intrathecally. After first CR, high 

risk patients can be subjects for allo-HSCT [25]. 

 

 

2.3.1.3 Myelodysplastic syndrome 

 
Myelodysplastic syndrome (MDS) refers to a heterogeneous group of acquired bone 

marrow failure disorders that have a tendency to progress to AML. It is characterized 

by peripheral blood cytopenias with morphologic evidence of dysplasia in the bone 

marrow progenitor cells. Due to hypercellularity in the bone marrow, the hematopoiesis 

is ineffective. The incidence increases with age, and MDS is thus a disease of the 

elderly. No other interventions than allo-HSCT have been shown to extend survival of 

MDS patients. Unfortunately, being a disease of the elderly, many of the MDS patients 

are not suitable for allo-HSCT and supportive care alone often remains as the only 

option [25]. 
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2.3.2 Treatments 

 
There is a great variety of treatment protocols for hematological disorders, and often a 

combination of two or more drugs are used. The names of the regimens are 

abbreviations based on the containing substances. Examples are R-CHOP, DA, BEA-

COPP, ABCDV, MIME, etc. Described below are two regimens, DA and R-CHOP, 

which are commonly used for AML and NHL, respectively. The regimens include three 

groups of pharmacological agents with principally different immunosuppressive 

effects; antineoplastic drugs, monoclonal antibodies, and steroids. The abbreviated 

name DA stands for the substances Daunorubicin and Arabinofuranosyl Cytidine (Ara-

C), while R-CHOP consist of five drugs; Rituximab,  Cyclophosphamide, 

Hydroxydoxorubicin, Oncovin (brand name), and Prednisone. DA can be 

administrated as follows: induction treatment including Ara-C given intravenously in 

bolus doses or by continuous infusion over a period of seven days, and daunorubicin 

given intravenously in bolus doses for 3 days. Upon CR, the consolidation could 

consist of one or more cycles of high-dose Ara-C. Other post-remission therapeutic 

options are allo-HSCT, autologous HSCT or low-dose maintenance therapy. R-CHOP 

is often administered in cycles of 4 weeks. A common treatment regimen is for at least 

6 cycles. 

 

 

2.3.2.1 Antineoplastic chemotherapy 

 

Because cancer cells spend more time dividing than other cells, inhibiting cell division 

harms tumor cells more than other cells. The drugs described here have their primarily 

mode of action in altering cell division – acting antineoplastically. 

 

Daunorubicin, an anthracycline, is a potent cytostatic agent which primarily mode of 

action is intercalation of DNA. This inhibits the transcription, replication, and DNA 

repair processes in the cancer cells as well as other rapidly dividing cells. In addition to 

its major use in treating AML, daunorubicin is also used to treat other malignancies 

such as neuroblastoma. Being a synthetic analogous of the nucleoside deoxicytidin, 

Ara-C, inhibits the DNA-synthesis. Like daunorubicin the cytotoxic effect is linked to 

the substance’s ability to bind to DNA and inhibiting enzymes necessary for replication 

and transcription. One of the unique toxicities of cytarabine is cerebellar toxicity when 
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given in high doses. The mechanism of the alkaloid Oncovin (vincristine) is yet to be 

fully understood. A probable principle of vincristine’s cytostatic effect is the 

substance’s tubulin dimer binding capacity and the consequent metaphase mitosis 

arrest. Consequently, all the above mentioned agents are suppressing hematopoiesis 

which renders cytopenia and susceptibility to infection in the treated patients. 

 

 

2.3.2.2 Monoclonal antibodies 

 

Rituximab is a monoclonal antibody that can bind to CD20-antigen on pre-B and 

mature B-lymphocytes. CD 20 is present on all B-lymphocytes, malignant as well as 

normal cells, but not on hematopoietic stem cells. Thereby, the immune system is 

targeted for lysis of B-lymphocytes and the action is not myelosuppressive. The 

hematological side effects are thus primarily related to the reduced humoral responses. 

However, rituximab are seldom used as mono therapy in these patients. 

 

 

2.3.2.3 Corticosteroids 

 

Prednisone is a synthetic corticosteroid with effects on both the innate and adaptive 

immune response. The inflammation caused by the innate system is reduced due to a 

number of mechanisms, such as inhibition of the phospholipase cascade, and induction 

of a protein that inhibits the nuclear factor κB (NF-κB) (Figure 1a). By inhibiting the 

production of certain interleukins, prednisone alters the adaptive immune response in 

different ways. Pathways to an adequate humoral and cell-mediated response are 

affected. In contrast to the monoclonal antibodies this drug has a more general effect, 

but it is not antineoplastic.  

 

 

2.3.2.4 Allogeneic hematopoietic stem Cell Transplantation 

 
Allo-HSCT is a therapeutic procedure which has evolved enormously since its 

introduction over 50 years ago [28]. It was initially used as treatment for different 

immune deficiencies to add missing cell types, but is today also used as a cure for 

hematological malignant and non-malignant disorders. Examples of malignant 
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indications are chronic myeloid leukemia (CML), MDS, AML, and CLL [29], whereas 

non-malignant disorders could be bone marrow failure and congenital red cell disorders 

[30]. 

 

In the beginning, only bone marrow was used as stem cell source and is still today the 

major source used in children [31]. However, after stimulation of the donor with 

granulocyte colony stimulating factor (G-CSF) which mobilizes stem cells from the 

bone marrow into the peripheral circulation, they can be harvested from peripheral 

blood. This method is predominantly used in adults [32-34]. Umbilical cord blood 

(UCB) is also used where the recipient often is a child or an adult missing a suitable 

donor [35-37]. Each of these three sources of stem cells have their own advantages and 

disadvantages. Bone marrow and peripheral blood can be donated again if necessary, 

but collecting bone marrow is performed under general anesthesia and can be a painful 

procedure. Using peripheral blood is associated with a rapid hematological recovery 

and low relapse rate, but has increased risk for chronic graft versus host disease. UCB 

is better suited for HLA (human leukocyte antigen) mismatch, but only a small number 

of cells are collected in each unit, and it is associated with a higher rate of non-

engraftment.   

 
The donors of the graft are preferably HLA-identical siblings, but in the absence of 

such, HLA-matched unrelated donors are an option. Therefore, several registries are 

developed containing volunteer donors. A haplo-identical parent is also a possible 

donor [38]. A high grade of mismatch between donor and recipient increases the risk of 

graft versus host disease (GVHD), but also a greater effect of graft versus malignancy 

(leukemia). Therefore, the seemingly best matched donor, an identical twin, is more 

suitable in non-malignant disorders [39, 40]. 

  

The initial treatment prior allo-HSCT aims to eradicate the disease, suppress immune 

reactions towards the graft, and eliminate the recipient hematopoietic stem cells to 

make place for the graft in the bone marrow. This procedure is referred to as the 

conditional (or preparative) regimen. Myeloablative conditioning (MAC) and reduced 

intensity conditioning (RIC) are the two major types of regimens. MAC consists of 

high dose of chemotherapy, alone or together with radiotherapy [41-43], which aim to 

directly but also indirectly, via graft-vs-malignancy effect, cure the disease. The 

treatment itself is more toxic compared to RIC but is associated with a lower risk for 
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relapse of certain malignancies [44, 45]. RIC is less toxic and are therefore used in 

patients that may not tolerate MAC (e.g. high age, organ dysfunction) but also where 

MAC would not be superior RIC to cure the disease [46-50]. Conditioning with RIC 

relies on the graft-vs-malignancy effect in a higher extent than does MAC. 

 
After transplantation engraftment, both the specific and non-specific immune system 

reconstitutes. This is however a tedious process that can take years [51-57], a period 

that the patient is extremely susceptible for almost all kinds of opportunistic infections. 

The skin and the mucous barriers as well as the innate immune system recover rapidly, 

and are not dependent on the compatibility of the donor and the recipient [58]. The 

engraftment, normally defined as a neutrophil count > 500 cells/mm3 for three days, 

takes place approximately one to two weeks after allo-HSCT and total recovery of the 

granulocyte, platelet, and NK cell numbers is achieved within a month [59]. The 

recovery of the specific immune system takes around one year [60] but some parts take 

even longer [61]. The reconstitution of the T cells is dependent on two mechanisms; (1) 

the expansion of already mature T cells infused via the graft which is important for 

protection against infections as well as graft rejection [62], and (2) de novo generation 

of thymic-dependent T cells which is the most important mechanism when a T cell 

depleted graft have been used [63]. 
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2.4 VIRAL DETECTION METHODS 

 
Four principally different methods are used to detect viral infections: 

 

1. Virus isolation 

2. Antigen detection 

3. Genome detection 

4. Serology 

 

The first relies on the viruses capability to replicate, thus viable viruses are required. 

The second and third can detect non-viable viruses and relies on detection of parts of 

the virus. The forth detects the immune response by the infected host as an indirect 

measure of an acute or past infection. With some exceptions, virus isolation, antigen 

detection methods, and serology are less frequently used today. Although they have 

several advantages, their limitations have made polymerase chain reaction (PCR), and 

foremost real-time PCR, the method of choice for viral detection in many settings 

(Table 1). The former methods are briefly presented below, whereas real-time PCR is 

described more in detail. 
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Table 1. Advantages and disadvantages of four different viral detection methods 
 Advantages Disadvantages 

Virus isolation 
 - High sensitivity for several viruses 

- Can detect other viruses than the 
expected when use of several cell 
lines 
- Not very sensitive for changes in 
the viral genome 
- A positive result, indicate viable 
viruses 
 

- Requires trained personnel 
- Requires special equipment in special 
laboratories 
- Time to detection is for most respiratory 
viruses about a week 
- Requires viable viruses 
- Some viruses are difficult or impossible 
to isolate 

Antigen detection (here represented by IF)  
 - Rapid 

- Relatively inexpensive 
- Has high sensitivity and specificity 

- A sufficient amount of epithelial cells 
are required 
- Needs trained personnel 
- Validated antibodies for certain viruses 
are missing 
 

Serology 
 - Sensitive 

- Indicate actual infection 
- Capable to detect previous 
infections 
 

- Time to result is >10 days when it 
requires a paired follow-up sample  

Real-time PCR 
 - Sensitive and specific 

- Relatively fast 
- Any virus can be detected 
depending on the design 
- Relatively inexpensive 
- Even dead viruses could reveal 
positive results 

- Even dead viruses could reveal positive 
results 
- So sensitive that positivity can be of no 
clinical relevance 
- Unable, in principle, to detect viruses 
not designed to 
-Could be false negative due to mutations 

NOTE. IF, immunofluorescence; PCR, polymerase chain reaction. 
 
  
 
 
2.4.1 Virus isolation, antigen detection, and serology 

 
Virus isolation has been the golden standard for many years. Different cell lines 

susceptible to several viruses are used for inoculation of infected host specimen. 

Positivity is determined by a certain pattern of swelling or destruction of the cultured 

cells (cytopathic effect). The pattern is specific for each virus and it is thus only a 
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trained virologist who can recognize a positive sample. The work is labor-intense and it 

takes days to weeks before a result can be provided; a sometimes unacceptable turn-

around time for the treating physician [64]. 

 

Enzyme-linked immunosorbent assay (ELISA) is an antigen detection method that is 

carried out by first inoculating the patient sample on a surface. Roughly, the further 

procedure continues by either pre-coating the surface with antibodies that bind the 

antigen, or the antigen can be directly absorbed to the surface. Then antibodies 

conjugated with enzymes are added to form an antibody-antigen complex. The 

enzymes are able to convert the next substance added into a fluorescent signal. This is 

roughly the procedure of the ELISA. In another antigen detection method, 

immunofluorescence (IF), the localization of virus proteins to different parts of the cell 

increases the specificity [65].  

 

Serology has a limited function on the acute phase of a viral infection. Increased levels 

of IgM suggest acute infection, but normally a substantial increase of IgG is required in 

order to confirm the infection. The second examine of the serum are preferably made 1-

2 weeks after the acute one, which makes the turn-around time too long for many 

clinical purposes. However, it still plays an important role in some settings. For 

example in the hematological field, screening of antibodies reveals knowledge about 

latent viruses, such as herpes viruses, and hepatitis B virus which could reactivate after 

immunosuppressive treatment. In immunosuppressed patients, however, serology is of 

limited use as they may have insufficient ability to mount a humoral response and may 

have received antibodies passively through transfusions. Furthermore, for screening of 

blood donors and diagnosis of viral hepatitis and HIV, serology is a useful tool [65]. 

 

 
2.4.2 Polymerase chain reaction 

 
Sensitivity in detection of viruses has increased considerably with nucleic acid 

amplification tests. Less than ten years after Kary Mullis and his colleagues described a 

specific enzymatic amplification of DNA in vitro [66], he was awarded with the Nobel 

Prize in Chemistry in 1993 in Stockholm. Ever since, this method have been improved 

in order to be faster and less labor-intense. Furthermore, it has been improved to be able 

to estimate the number of viral (genome) copies in the sample. The real-time PCR 
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described below has of course its base in Mullis’ method described in 1986. The major 

ingredients in a real-time PCR are: 

 

1. The template (in this case the viral genome) 

2. DNA building blocks (free nucleotides; dNTPs) 

3. A heat stable polymerase (in this thesis, the Taq polymerase) which thrives in 

70°C [67] 

4. Primers (forward and reverse) complementary to the specific DNA region of 

interest 

5. The probe which is a single stranded oligonucleotide designed to be 

complementary to a spot between the forward and reverse primers’ binding 

sites). Therefore only specific PCR product can generate fluorescent signal in 

TaqMan PCR. The probe has a fluorescent reporter dye in its 5’ end and a 

quencher in its 3’ end. The quencher inhibits the reporter until the polymerase 

cleaves the probe. 

6. Buffer solutions and magnesium in order to create an optimal environment for 

the polymerase 

 

The ingredients above are mixed in certain concentrations and then the major steps in 

the reaction are: 

 

1. Denaturation: Heating the sample/mixture to 95°C in order to denature double 

stranded DNA (dsDNA) to single stranded DNA (ssDNA). This makes the 

target region of the viral genome available for the primers and the probe 

2. Hybridization: A lowering of the temperature to ~60°C facilitates the primers 

and probe binding to the viral genome 

3. Elongation: Raising of the temperature to 70-80°C, the optimal working 

temperature for the polymerase. In this step new copies are produced and for 

each copy, a signal is detected (Figure 2) 

4. The steps above are repeated for 40-50 cycles (as the polymerase is heat stable, 

new enzymes after each cycle are not required). 

 

Not all viruses have a genome consisting of DNA. In fact, most of the respiratory 

viruses have their genes stored in RNA molecules. As the polymerase mentioned above 
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only can elongate ssDNA, the RNA has to be converted by a reverse transcriptase (RT) 

into a complementary DNA (cDNA) before real-time PCR. This is made together with 

random hexamer oligoprimers, and the viral genome (or actually the complementary 

sequence) of interest can subsequently be amplified using the PCR scheme above. This 

method is sometimes called RT-PCR which could be misunderstood as real-time PCR. 

Numerous different abbreviations are used, but for the experienced reader this is 

however seldom a problem. 

 

 

 

 

 
Figure 2. The annealing of primers and probe, elongation by means of polymerase, and 
the subsequent release of the reporter dye from the quencher as the genome is copied.  
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2.5 THE VIRUSES 

 
Viruses are found wherever there is life and have probably existed since living cells 

first evolved [1]. They are the smallest biological units that can infect living organisms. 

Somewhat unfair, viruses are defined not to be a living form. This is simply due to their 

lack of own metabolism; they must invade living cells and use their hosts’ machinery in 

order to replicate. Viruses consist of two or three parts: the genetic material (DNA or 

RNA), a protein coat (capsid) that protects these genes, and in some cases an envelope 

of a lipid bilayer that surrounds the protein coat when they are outside a cell. However, 

the shape and size of different viruses vary greatly. An overview of the viruses 

mentioned in this book is outlined in Figure 3 based on the Baltimore classification. 

Most of them are normally referred to as respiratory viruses as they cause disease in, or 

at least are initially transmitted via, the respiratory tract. The viruses’ role in both 

immunocompetent and certain immunocompromised cohorts is discussed below. In 

particular, their potential as etiological agents to fever is penetrated. 
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Figure 3. The viruses discussed in this thesis grouped according to the Baltimore 
classification. The classification is based on the method of viral mRNA synthesis. The 
viruses presented in group I usually must enter the host nucleus before it is able to 
replicate. Some of these viruses require host cell polymerases to replicate their 
genome, while others, such as adenoviruses or herpes viruses, encode their own 
replication factors. Parvovirus in group II replicates within the nucleus, and form a 
double stranded DNA intermediate during replication. The DNA viruses are dependent 
on the cell cycle. The genome of viruses in group IV cannot be directly accessed by host 
ribosomes to immediately form proteins. Replication in positive-strand RNA viruses is 
thus via a negative-strand intermediate. The genome of viruses in group V, however, 
can directly be used by the host cell’s machinery in order to replicate.  The RNA 
viruses replicate primarily in the cytoplasm and are not dependent on the cell cycle as 
the DNA viruses. 
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2.5.1 Respiratory syncytial virus 

 
Beside influenza virus, the respiratory syncytial virus (RSV) is probably the most well-

known virus for parents of small children. This virus is namely the most common cause 

of lower respiratory tract infections in infants and young children [68, 69], and 

serological data show that almost all children have been infected before two years of 

age [70]. Its seasonal variability [71] is reflected by the high pressure on the pediatric 

health care infrastructure during the winter and early spring! RSV is highly contagious 

and re-infection can occur at any point later in life. Then it normally causes milder 

symptoms similar to those caused by “common cold” viruses [70]. However, in adults, 

foremost elderly, the virus can cause severe disease [72, 73]. RSV is rather pyrogenic 

but upper respiratory tract infections (URTI) can present with our without fever. Fever 

is, however, highly associated to lower respiratory tract infections (LRTI) due to RSV 

[74]. 

 

 This virus has been shown to cause severe LRTI with a high mortality rate in HSCT 

recipients [75, 76]. Transplanted patients typically present with fever and upper 

respiratory tract symptoms (URTS) followed by more severe symptoms as LRTI 

develops [77, 78]. Studies have shown a cumulative incidence ranging across 0.4-1.5% 

and 3.5-8.8% in autologous and allogeneic HSCT recipients, respectively [79-81]. In 

patients with hematological malignancies or HSCT recipients with RSV infection, 

progression to LRTI was associated with at least two independent risk factors: high age 

and absence of RSV treatment [82]. This is an interesting finding as reviews of 

randomized trials have concluded ribavirin not being effective in the treatment of LRTI 

caused by RSV [83, 84]. 

 

 

2.5.2 Metapneumovirus 

 
The human metapneumovirus (HMPV) is a recently discovered RNA virus [85] that 

has been shown to cause both URTI and LRTI [86]. The virus is closely related to RSV 

but have two major genomic differences; the gene order differs and HMPV lack two 

non-structural genes that are thought to encode proteins with an anti-interferon activity 

[87]. However, it is unknown how the absence of these proteins affects HMPV 

pathogenesis. Nearly all children have been infected with HMPV during their first five 
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years in life [85, 88]. HMPV is thus a major pediatric pathogen and is the second 

commonest cause of bronchiolitis next to RSV [89, 90]. In temperate climates, the 

incidence of the virus is increased during the late winter to early spring and is 

responsible for a significant proportion of URTI and LRTI across all age groups in both 

healthy and immunocompromised hosts worldwide [91]. HMPV, like RSV, do not 

appear to cause asymptomatic carriage in the respiratory tract of healthy individuals 

[85, 89, 92, 93]. URTI due to HMPV can present with or without fever [94] whereas 

LRTI is recently summarized to be highly associated to fever [74].   

 

URTI with HMPV can progress to severe LRTI and death in both pediatric and adult 

hematological patients [95-98]. The virus was isolated from bronchoalveolar lavage 

(BAL) in 26% of symptomatic HSCT recipients and carried a mortality rate of 80% 

[98]. Beside URTS, the infections were initially characterized by fever before the 

development of severe LRTI. However, in this patient category, prolonged 

asymptomatic infection has been described [99]. As for RSV, there is no consensus of 

the effectiveness of treatment with ribavirin. However, it has been demonstrated to 

decrease replication of the virus in a mouse model [100] as well as being successful 

when administrated intravenously in lung transplant recipients [101]. 

 

 

2.5.3 Rhinovirus 

 
The human rhinovirus (HRV) was first described in 1956 [102] and is today known as 

the major cause of respiratory tract illness [103, 104]. The two species first discovered, 

A and B, cause rather mild symptoms, the common cold, whereas the recently 

discovered human rhinovirus C [103, 105, 106] is suggested to cause more severe 

symptoms [103]. HRV infections occur year round with seasonal peaks of incidence in 

the early fall and spring [107-110]. Infections with HRV are commonly associated with 

rhinorrhea, sore throat, nasal congestion, sneezing, cough, and headache [111]. Less 

often malaise, chills, and low-grade fever occur [104]. The most exciting hypothesis 

was recently presented, namely that HRV epidemics could interfere with the spread of 

influenza virus [112]. This is however yet to be confirmed. 

 

HRV have been described as causative pathogens of LRTI in immunocompromised 

patients [113, 114], either as the sole pathogen or as a co-pathogen with bacteria or 
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other respiratory viruses. However, two studies that prospectively investigated the 

incidence of respiratory virus infections in patients with hematological cancer observed 

no or only a very low number of HRV infections in cases with respiratory symptoms 

[81, 115]. Results from another study indicated that when detected at high viral load, 

HRV may cause severe URTI and LRTI, whereas when detected at a medium-low viral 

load (an event more frequent in immunocompromised subjects), they may represent 

only bystander viruses [116]. Yet another study found HRV to be the predominant 

respiratory virus associated with URTI but none of the patients had progression to 

LRTI, and all patients recovered completely [117]. The disparity of reported incidences 

could partly be explained by the difficulties of to detect the virus; it is rather hard to 

culture, and a PCR must be thoroughly designed to cover the great diversity of 

genotypes. 

 

 

2.5.4 Enterovirus 

 
In this text human enterovirus (HEV) is represented by the non-polio enteroviruses; 

coxackievirus, echovirus, and other enteroviruses. Poliovirus is also an enterovirus but 

is excluded here. All HEV are closely genetically related to HRV and since they share 

biological features and probably have a similar pathogenetic effect in humans, it has 

recently been proposed an inclusion of HEV and HRV in the same subset within the 

Picornaviridae family [118]. The viruses replicate in lymphoid tissue in the pharynx 

and in the small intestine but in about 5% of cases the virus may spread to other tissues; 

central nervous system, myo- and pericardium, striated muscles, and skin. The most 

frequent symptoms are thus fever, sometimes accompanied by a rash or mild URTS. In 

the cases of viral spread to other organs, more severe syndromes can occur; aseptic 

meningitis, perimyocarditis, myalgia (Bornholm disease), herpangina and the Hand, 

Foot and Mouth disease [119]. All these syndromes include fever in the panorama of 

symptoms. 

 

HEV infections in immunosuppressed individuals are not widely investigated, but some 

studies are performed on allo-HSCT recipient. Chakrabarti et al reported that 10% of 

recipients of T-cell depleted grafts developed HEV infections post transplant, but only 

four episodes were associated with symptomatic illnesses attributable to HEV [120]. 

Furthermore, there was no mortality directly related to HEV. In contrast, in four HSCT 
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recipients with acute respiratory illness, HEV was isolated as the sole pathogen in 

BAL. All infections progressed to severe pneumonia where three were fatal [121]. Yet 

another group observed HEV infections in three pediatric allo-HSCT patients, who 

received UCB. Two died from the infection [122]. In a 2-year prospective study on 130 

hematological transplanted and non-transplanted patients HEV represented 5% of 

respiratory viral infections [115]. LRTI was present in one third of the episodes. 

Unfortunately, none of the reports above have investigated fever associated to HEV 

infection. 

 

 

2.5.5 Coronavirus 

 
If excluding the human corona virus (HCoV) that caused the global epidemic of severe 

acute respiratory syndrome (SARS) in the beginning of this century [123, 124], this 

group of viruses cause rather harmless URTS [125]. After HRV these viruses play the 

major role in causing common colds [107], and all HCoV show a seasonal variability in 

temperate climate countries with frequent transmission and detection during the winter 

[126, 127]. One of the strains is also associated with croup (acute 

laryngotracheobronchitis) [128], a disease foremost associated with parainfluenza virus 

(PIV) type 1 [129]. Two strains of HCoV were first described in the 1960s [130, 131] 

but as a consequence of an increased interest for this group of viruses after the SARS 

epidemic, two new viruses, NL63 and HKU1, were recently discovered by groups in 

the Netherlands and Hong Kong, respectively [132, 133]. Nicely summarized by van 

der Hoek, fever is reported to be present in 50-70% of the cases of infection with these 

two new strains [134]. This was not the situation for HCoV-OC45 and HCoV-229E 

where less than one out of five volunteers inoculated by the virus developed fever [125, 

131]. 

 

In parallel to other respiratory viruses, HCoV have been subject to investigations of 

their role as disease-causing pathogens in immunocompromised patients. HCoV have 

recently been associated with severe LRTI in lung and liver transplant recipients [135] 

and HCoV-229E has been isolated from HSCT recipients with fever and cough [136]. 

In another study on five children with ALL and one pediatric renal transplant recipient, 

HCoV was the sole respiratory pathogen detected. The ALL patients presented with 

fever alone or together with various URTS. 
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2.5.6 Influenzavirus 

 
Probably no other respiratory virus is as well known and discussed as the 

influenzavirus. Every year, the name of the virus is literarily on everybody’s lips before 

the nasopharynx is infected by the actual virus! Although it was not discovered until 

1933 [137], epidemics of the virus have been described several times far back in the 

history. Although influenza type C can be severe and can cause local epidemics, the 

species is rare compared to types A or B. Only type A and B are thus discussed below. 

The influenza virus A show great genetic and antigenic variability which arise from 

two different mechanisms: (1) the antigenic drift caused by the lack of proofreading 

and reparation of the genome during replication; (2) the antigenic shift that occurs 

when two different influenza viruses infect the same cell and assort their segmented 

RNA. The impact of the changed genome is, as the names of the mechanisms indicate, 

dependent on a change of the virus’ phenotype. Not surprisingly, epidemics and 

pandemics are more likely to occur after an antigenic shift where a new strain with a 

new combination of the important proteins hemagglutinin (H) and neuramidase (N) 

may have been developed. Influenza viruses A and B appear in all age groups but have 

most impact in the elderly [138]. This is due to a higher risk for them to suffering from 

a secondary bacterial pneumonia in the convalescent period [139]. Although the 

influenza virus B cause milder symptoms than does influenza virus A, the disease is 

rather similar; rapid onset of fever, malaise, muscle pain, and cough. 

 

Several studies have demonstrated infections with either influenza virus A or B in 

transplanted patients, but no difference in clinical presentation and outcome is 

determined [140-142]. The mean duration of shedding is longer for allo-HSCT 

recipients who are not given influenza antiviral treatment; 11 days, which is out of the 

range for immunocompetent individuals (5-10 days) [143]. A much longer period of 

shedding (>1 year!) was reported in an immunocompromised patient infected with a 

multidrug-resistant influenza A virus [144]. Furthermore, with only seven positive 

cases in allo-HSCT recipients, Peck and colleagues reported afebrile presentation in 

five of them, and absence of myalgia in all cases [145]. In contrast, in a prospective 

study on adult leukemia patients undergoing remission-induction chemotherapy, all 

influenza positive patients presented with fever, rhinorrhea, nasal congestion, headache, 

and myalgia [146]. Furthermore, in a similar cohort, influenza virus was associated 

http://en.wikipedia.org/wiki/Epidemic
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with fever in 87% of the cases [147]. Severe lymphopenia is identified to be an 

independent risk factor for progression to LRTI [82]. 

 

 

2.5.7 Parainfluenza virus 

 
These viruses resembled the influenza viruses but were not related to them 

antigenically; hence parainfluenza virus. There are four subtypes of the virus [148, 

149] named PIV 1-4. Although severe infections with PIV 4 have been reported [150, 

151], the role of this subtype as a potential pathogen is still unclear [129]. Therefore, 

PIV refer to PIV 1-3 in the text below. PIV can cause both URTI and LRTI. As 

mentioned above, the virus is associated with croup in small children but can also cause 

the same clinical syndrome in adults [129]. PIV have, however, been associated with 

every kind of upper and lower respiratory tract illness, and there is a strong relationship 

between PIV and specific clinical syndromes such as bronchiolitis, pneumonia, and 

tracheobronchitis; all associated with fever. Even though they cause primary infections 

early in childhood, the immunity generated is not long-lasting and re-infections are 

therefore common [129]. Epidemiologically, PIV 1 and PIV 2 peak during the fall and 

winter, whereas PIV 3 peaks during the spring and summer [129, 152]. 

 

Immunocompromised children and adults appear to be particularly susceptible to 

developing severe and fatal LRTI with PIV. Significant disease, including respiratory 

failure and death, has been reported in solid organ transplant recipients, presenting with 

cough, dyspnea, and fever [153]. Giant cell pneumonia caused by parainfluenza type 3 

was present in a patient with acute myelomonocytic leukemia [154] and all types is a 

common cause of respiratory illness or even death after HSCT [155-158]. In a Chilean 

prospective study they found PIV in 13% of the episodes of febrile neutropenia 

occurring in pediatric cancer patients [159], and in a retrospective study on adult 

leukemia patients with respiratory tract symptoms, two thirds presented with fever 

[160]. In a Finnish study on PIV 3 in hematological patients (transplanted and non-

transplanted), all positive cases were associated with fever together with cough or 

rhinorrhea. Infiltration on chest radiograph was a frequent finding [161]. 
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2.5.8 Adenovirus 

 
The great variety of symptoms caused by this DNA virus is reflected by its number of 

serotypes. Since its discovery in 1953 [162-164], at least 55 different serotypes are 

described causing a broad range of infections such as respiratory, gastrointestinal, and 

conjunctival in both the immunocompetent and immunocompromised host [165-168] 

(Table 2). In contrast to other respiratory viruses, the incubation time for adenovirus 

(AdV) is rather long, 5-10 days, and its ability to survive outside its host is impressive. 

This is illustrated by outbreaks of conjunctivitis in swimming pool areas where the 

transmission of the virus thus are water-borne [169]. AdV is also a common cause of 

tonsillitis and fever in children [170]. Worldwide, the AdV is a common cause of 

gastroenteritis with high mortality in children in developing countries [171]. 

 

 

Table 2. Association of adenoviral diseases and principal serotypes in 
immunocompetent and immunocompromised individuals 

Syndrome Serotypes in species 
A B C D E F 

Upper respiratory illness  All All    
Lower respiratory illness  3, 7, 21   4  
Pertussis syndrome   5    
Acute respiratory disease  7, 14, 21, 55   4  
Conjunctivitis  3, 7, 11 1, 2 8, 19, 37, 53, 54 4  
Gastroenteritis      40, 41 
Hemorrhagic cystitis  7, 11, 34, 35     
Hepatitis  3, 7 1, 2, 5    
Myocarditis  7, 21     
Meningoencephalitis  7 2, 5    
Venereal disease   2    
Disseminated disease 31 11, 34, 35 1, 2, 5   40 
NOTE. AdV 53 and 54 should be referred to as “types” rather than serotypes. The table 
is a summary of data derived from three recent publications [165-168]. 
 

 

 

AdV infections are self-limited in the immunocompetent host. This is not always the 

case in severely immunocompromised patients such as HSCT recipients, where clinical 

manifestations including pneumonia, hepatitis, hemorrhagic cystitis, colitis, 

pancreatitis, meningoencephalitis, and disseminated disease are described [172-179]. 

The incidence after HCST varies with the patients’ risk factors, but could be dependent 
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on other factors such as number of body sites investigated and choice of detection 

method. Most risk factors are in some way associated with the grade and duration of 

immunosuppression; slow lymphocyte recovery [180, 181], usage of T cell-depleted or 

CD34+ selected grafts [180-183], grafts from an unrelated donor [184], and GVHD or 

its therapy [185]. Furthermore, children are at higher risk for acquisition of AdV 

infection post HSCT [174, 183, 184, 186].  

 

No antiviral drugs are developed specifically against AdV, although drugs as ribavirin 

and cidofovir have been used [187, 188]. Of these two, cidofovir are the most 

commonly used but have severe and sometimes unacceptable side-effects; foremost 

renal [166]. Fortunately, children tolerate the drug better and with preemptive 

rehydration and a reduced dose, cidofovir have been described to be a safe alternative 

to withdrawal of the immunosuppressive treatment or expectation [189]. Feuchtinger 

and colleagues tried the more spectacular option to use virus-specific donor T cells for 

adoptive transfer of immunity to nine pediatric HSCT recipients with systemic AdV 

infection [190]. They concluded that the strategy was feasible and effective. 

 

The importance of early detection of AdV infection in the post transplant period has 

highlighted the difficulties of the development of a proper diagnostic tool. Virus 

isolation may be too slow for clinical use, whereas PCR are fast and very sensitive. 

However, the PCR assay is only sensitive if it is designed to cover the specific serotype 

causing the infection. Many groups have put effort in developing a PCR assay that 

covers all known AdV serotypes; a demanding but exciting challenge [182, 191-194]. 

 

 

2.5.9 BK virus 

 
This polyomavirus is a small, non-enveloped DNA virus. The name BK virus (BKV) is 

the initials of the patient from whom it was first isolated [195]. It is genetically closely 

related to another polyomavirus, JC virus, also discovered in 1971 [196]. Primary 

infection, typically asymptomatic, occurs during childhood and is followed usually by a 

lifelong phase of latency in immunocompetent subjects. 

 

Upon immunosuppression, however, the latent infection may be reactivated even when 

high levels of serum antibodies are present. Its potential to cause harm in the urinary 
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tract was first reported in 1983 [197] but the emergence of the virus as a disease-

causing agent in renal transplant patients began later in the mid-1990s [198]. BKV-

associated hemorrhagic cystitis (BKHC) is a potentially serious complication that 

frequently occurs in recipients of allogeneic HSCT recipients [199, 200]. Clinical 

manifestations of BKHC can be minor with asymptomatic hematuria, or severe with 

massive blood loss, pain, urinary obstruction, renal failure and even death [201-203]. 

The virus’ association to fever in this patient category is to my knowledge not 

investigated. Recently, however, a non-transplanted patient with peripheral T-cell 

lymphoma, developed acute renal failure which was associated with systemic BKV 

activation, and the initial symptoms were fever and urinary frequency [204]. 

 

 
2.5.10 Epstein-Barr virus 

 
The Epstein-Barr virus (EBV) is a herpes virus that was first described in 1964 [205]. It 

infects via saliva, replicates in epithelial cells in the pharynx, and then later primarily in 

the B cells where lifelong latency is established [206, 207]. In most cases, a primary 

infection occurs during the first years of life and is asymptomatic or causes symptoms 

indistinguishable from other viral respiratory infections. However, if it occurs later in 

life, the immunological response is more powerful and causes a disease with several 

names; glandular fever (enlarged lymph nodes), mononucleosis (atypical lymphocytes 

resembling monocytes seen in the microscope) or kissing disease (infection requires 

exchange of rather high amount of saliva). Whereas the local symptom is tonsillitis, the 

systemic symptoms are fever, fatigue, lymphadenopathy, and splenomegaly. Liver 

enzymes are normally elevated and sometimes hepatitis develops. There may be a 

prolonged convalescence with tiredness and low-grade fever for months. Although the 

virus is not very contagious and requires close contact in order be transmitted, nearly all 

adults have been infected with EBV. The virus is associated with several malignancies 

such as different lymphomas [208]. 

 

In the healthy individual, the EBV infection is controlled by humoral and T-cell 

mediated immune responses. However, reactivation of EBV is frequent in 

immunocompromised patients [209-211], and EBV-associated lymphoproliferative 

disease (EBV-LPD) after allogeneic HSCT is a common complication. EBV-LPD is 

caused by the proliferation of EBV-infected B cells, and once it develops, it rapidly 
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progresses and is sometimes fatal. It can present with varying clinical signs and 

symptoms; fever, mononucleosis-like illness with fever, pancytopenia, 

lymphadenopathy, and even rapidly progressive lymphoma [212, 213]. 

 

 

2.5.11 Cytomegalovirus 

 
The name of cytomegalovirus (CMV) refers to the size of the infected cells, which 

contain large intranuclear inclusions. Following primary infection the virus establishes 

latency in lymphocytes and possibly endothelial cells from which it may be reactivated. 

CMV is a threat even before we are borne. It can cause congenital infection upon 

primary and reactivated maternal infection. The infant will have a generalized infection 

at birth, but clinical symptoms are present in only 5-10% of the cases. Although the 

fetal infection may show minimal manifestations at birth, it can cause severe 

complications later in life, especially in the central nervous system [214]. CMV can 

also cause perinatal infection via cervix secretion or via breast milk, but in most cases it 

is subclinical [215]. Later in life the infection usually is subclinical but can cause a 

symptom pattern rather similar to mononucleosis. The disease is characterized by 

protracted fever, malaise, myalgia, and liver function abnormalities.        

 

As for many other herpes viruses, CMV is commonly reactivated upon severe 

immunosuppression. Despite several new prophylactic options for CMV infection, the 

virus is still one of the major causes of morbidity and mortality after allo-HSCT where 

it causes pneumonia, gastroenteritis, and less commonly retinitis and hepatitis [216]. 

The disease can develop both early and late after the transplantation procedure [217]. 

Risk factors for CMV infection post HSCT are seropositivity of the recipient [218, 219] 

and, as for AdV infection, acute GVHD [220, 221]. In some situations, grafts from 

seronegative donors increased the risk for complications [222]. Usage of a T cell-

depleted graft or a graft from a HLA-mismatched donor further increases the risk in 

seropositive recipients. In addition to direct morbidity and mortality, CMV is 

associated with opportunistic infection [223-225]. 
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2.5.12 Parvovirus B19 

 
This first member of the parvoviridae family that can cause infection in human was 

discovered in 1974, and the name refers to its small size and the sample 19 in panel B 

in which it was found [226]. However, it is a great survivor and is distributed over the 

globe infecting almost all people at some point during their lives [227]. The incidence 

of infection shows a seasonal variation in temperate climates, being more common 

during winter and early spring. Parvovirus B19 (B19) is transmitted through the 

respiratory route, but can also be transmitted through bone marrow and organ 

transplantations, and via transfused blood products [228, 229]. The pregnant woman 

can also infect vertically to the fetus, which is associated with several serious 

complications to the fetus, including fetal death [230]. One disease associated with the 

virus is erythema infectiosum (or fifth disease, or slapped cheek syndrome) that mostly 

occur in children aged 5-15 years. Intranasal inoculation of B19 in healthy volunteers 

revealed a biphasic clinical course with mild symptoms of fever, malaise, myalgia, and 

itching in the first peak (8-9 days post inoculation). After 15-17 days, maculopapular 

rash occurred alone or together with arthralgia [231, 232]. Although B19 viremia is 

rather infrequent in the healthy population and a large proportion of adults have 

acquired virus specific antibodies [229, 233-237], asymptomatic infections with B19 

are present in 25-50% of cases [238, 239]. In bone marrow, however, B19 DNA is 

found in 2% of healthy individuals and in up to 15% of children with hematological 

malignancies without concomitant viremia [240-243]. B19 replicates in erythroid 

precursors and by that inhibit the erythropoesis [244, 245]. During the time of the first 

peak of symptoms, the bone marrow has completely lost its erythroid precursors. 

 

The immunocompromised host present a different clinical picture with mild or absent 

immune mediated symptoms such as rash [246]. Furthermore, persistent B19 infection 

can cause severe chronic anemia. Treatment with plasma containing specific antibodies 

against B19 resulted in decreased serum levels of the virus, the appearance of 

reticulocytes, and interestingly, symptoms of the fifth disease! The infection can also 

indirectly harm the immunocompromised patient; one recent study showed that B19 in 

children with ALL is associated with cytopenia resulting in prolonged interruptions of 

chemotherapy [240]. Here only one out of seven experienced symptoms as the classical 

rash, whereas six of them were febrile. 
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2.6 INFECTIONS IN IMMUNOCOMPROMISED PATIENTS 

 
The anticancer treatments can affect the immune system in a variety of ways. The very 

first line of defense is altered by breakdown of mucocutaneous barriers by for example 

surgical removal of the primary or metastatic lesions, radiation therapy, GVHD, 

mucositis, but also the cancer itself by local tumor invasion. Furthermore, indwelling 

surgical devices such as central venous or urinary catheters increase the risk for 

infections [247]. Both in a quantitative and qualitative manner, chemotherapy has a 

negative effect on the next line of the non-specific defense, the phagocytic cells. This 

dramatically increases the risk of infection which is illustrated by the direct relationship 

between risk of infection and severity, duration, and rate of decline of neutropenia 

(most frequently defined as an absolute neutrophil count <0.5×109cells/L or 

<1.0×109cells/L and expected to fall) [248]. Neutropenia is therefore the most 

frequently used marker for immunosuppression in the cohorts discussed below. 

However, isolated neutropenia is a rare event associated with certain conditions such as 

Kostmann disease, and thus many of the infections, for example viral, are associated 

with the parallel decline of lymphocytes. The B and T cells that are responsible for 

regulating the specific humoral and cell-mediated response, respectively, are also 

impaired quantitatively and qualitatively by malignancies and its treatment. The altered 

immunoglobulin production of the B (plasma) cells increases the risk for bacterial, 

fungal, and viral infections. Furthermore, impaired cellular response is associated with 

major risk of acquiring viral, fungal, and intracellular bacterial infections [247]. 

Splenectomy is a part of some treatment strategies and is associated with an increased 

risk for sepsis with encapsulated bacteria. 

 

 
2.6.1 Post allogeneic hematopoietic stem cell transplantation 

 
Allo-HSCT recipients are at risk of certain infections in different periods after 

transplantation. The timing of immune reconstitution determines the timing of these 

infections. Immune system recovery for HSCT recipients takes place in three phases 

beginning at the day of transplantation. Before engraftment (<30 days after HSCT) 

HSCT recipients have two critical risk factors for infection; prolonged neutropenia and 

altered physical barrier resulting from the conditioning regimen and frequent vascular 

access required for patient care. During this phase, the infectious complications of 
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HSCT patients are not very different from those encountered in other profoundly 

neutropenic patients such as acute leukemia patients. Consequently, the normal oral, 

gastro-intestinal, and skin flora are sources of infection. Candida, but also, upon 

prolonged neutropenia, Aspergillus are common infections [249, 250]. Viral infections, 

especially herpes simplex virus (HSV), are frequent [251], but the infection-related 

morbidity and mortality at this time is mainly due to severe bacterial sepsis, 

pneumonia, and fungal infections [39, 252-254]. After engraftment, other herpes 

viruses and adenovirus are critical pathogens [210, 220, 255-258]. In this period, CMV 

causes pneumonia, hepatitis, and colitis and potentates super infection with 

opportunistic pathogens, particularly among patients with active GVHD. Other 

dominant pathogens during this phase include Pneumocystis jirovecii and Aspergillus 

species [259-261]. After 6 months, due to cell-mediated and humoral immunity defects 

as well as impaired reticuloendothelial system function, allo-HSCT recipients are at 

risk for infections that include CMV, Varicella-Zoster virus (VZV), EBV, respiratory 

viruses, and infections with encapsulated bacteria [262-265]. 

 

The viral contribution to post HSCT complication is thus substantial. The strategy of 

monitoring CMV and the use of preemptive treatment in this period is a successful 

story [220, 266-272] and since AdV have emerged as an important pathogen [179, 273-

280] a similar screening for AdV could be of clinical benefit. Our investigation of such 

a strategy is described in Paper I. 

 

 
2.6.2 Patients with febrile neutropenia 

 
Chemotherapy-induced neutropenia is one of the major side effects of cancer treatment. 

The risk of infection is increased by the severity and duration of neutropenia [248, 

281]. Due to an impaired inflammatory response, signs of inflammation such as local 

heat, swelling, exudates, fluctuation and ulceration are often diminished. Fever is thus 

often the first and sometimes only sign of infection [282, 283]. The approach of 

empirically administrated parental broad-spectrum antibiotics has substantially 

decreased the mortality rates due to infections in these patients [284-287], but even 

though the fever might be the result of bloodstream bacterial infections, 70–90% of the 

episodes have no causative micro-organisms demonstrated in their blood cultures [288-

303]. It can thus be hypothesized that many episodes of febrile neutropenia can be the 
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result of inflammatory responses to for example transfusions of blood products, 

malignancy itself, chemotherapeutic drugs, mucosal damage, or – viral infections. The 

inpatient management using broad-spectrum antibiotics is associated with disruption of 

family life, nosocomial complications, increased resistance to antibiotics, and high 

medical costs. As a result, several attempts have been made to identify patients at low 

risk for bacteremia or serious complications [304-315]. 

 

Since research and routine diagnostics have focused primarily on the bacterial 

contribution to fever, we have a fairly good knowledge about this part of the spectrum. 

The proportion of Gram-positive and Gram-negative bacteria found, have fluctuated in 

some parts of the world during the last decades. The main theoretical explanations for 

this are the use of antibiotic prophylaxis and central venous catheters, as well as 

emergence of resistant bacteria [316, 317]. 

 

As described for each virus in the previous sections, viral infections are common in 

many settings of immunocompromised patients. However, the viruses’ role in febrile 

neutropenia in hematological patients (not being subjects for allo-HSCT) is not 

thoroughly explored. Two studies are described in paper II and IV that investigate 

viruses in the respiratory tract and blood, as potential etiological agents of febrile 

neutropenia. 
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3 AIMS 
 
The overall aim of this thesis was to investigate the frequency and clinical impact of a 
broad range of respiratory viruses in different cohorts of immunocompromised patients. 
The specific aims of each substudy are described below: 
 
 

I. To evaluate the clinical benefit of introducing screening for AdV in an already 
implemented surveillance program for CMV in pediatric and adult allo-HSCT 
recipients 
 

II. To investigate the prevalence of viruses in pediatric cancer patients with febrile 
neutropenia using both conventional viral detection methods and real-time PCR  
 

III. To determine the sensitivity of detecting respiratory viruses in adult 
hematological patients with febrile neutropenia using a flocked nasal swab in 
the outer part of the nasal cavity compared to nasopharyngeal aspirate 
 

IV. To investigate the prevalence of viruses in adult hematological patients with 
neutropenic fever, and to compare it to the prevalence of afebrile neutropenic 
patients. 
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4 PATIENTS, MATERIALS AND METHODS 
 
All studies on which this thesis is based have ethical permissions from The Ethical 

Review Board in Stockholm and Human Research Ethics Committee in Westmead 

(Sydney) where appropriate. Patients were eligible for enrollment after informed 

consent. Clinical and additional microbiological data were extracted from the patients’ 

medical records. 

  

 
4.1 PAPER I – ADENOVIRUS IN ALLOGENEIC HSCT RECIPIENTS 

 
4.1.1 The patients 
 

Between March 2006 and September 2007, a total of 20 pediatric and 77 adult 

recipients of allo-HSCT were recruited from two major Swedish transplantation centers 

at Karolinska University Hospital and Sahlgrenska University Hospital, respectively. 

The median age for the adults was 50 years (range 22-69 years) and for the children 12 

years (range 1.5-17 years). The predominant underlying diseases for the adults were 

acute leukemia (48%) and MDS (13%), whereas for the children non-malignancies and 

MDS were most common (45% and 25%, respectively). A similar proportion of 

recipients were prepared with MAC (generally cyclophosphamide ± busulfan) and RIC 

(generally fludarabine ± busulfan or cytarabine), respectively, and for the adults half 

were T cell depleted in vivo with either alemtuzumab or antithymocyte globulin. 

Fifteen (75%) of the children were T cell-depleted. The grafts used were in half of the 

cases from a matched unrelated donor (MUD), whereas an HLA-identical sibling could 

help 43% and 20 % of the adults and children, respectively. UCB was thus infrequently 

used in adults, but in one fifth of the children this strategy was assumed to be the best 

choice.  

 
 
 
4.1.2 Materials 
 

The recruited recipients were sampled before HSCT and then according to a 

surveillance scheme routinely used for detection of CMV; weekly during the first nine 

weeks and then after 3, 6, and 12 months. Peripheral blood was collected for analysis of 
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AdV in plasma. Peripheral blood mononuclear cells (PBMC) for detection of AdV-

specific T cells were collected from twelve randomly selected adult recipients at three 

time points; 4, 8 and 12 weeks after transplantation. 

   
 
 
4.1.3 Methods 

 
The real-time PCR assay used did include primers and probes earlier described [192] 

with an additional probe 5′FAM-TGCACCAGCCCGGGGCTCAGGTACTCCGA-

TAMRA3′ in order to minimize the nucleotide mismatch between the probe and the 

PCR amplicon derived from the AdV subgroup C [277]. 

 

An ELISPOT assay was used for analysis of AdV-specific T cells. In brief, the wells 

were coated with primary antibodies against human IFN-γ. The PBMC were stimulated 

by adenolysate, and biotinylated secondary antibodies and streptavidin-bound enzyme 

conjugate were added to bind to the primary antibody/ IFN-γ complexes. Finally, a 

colorimetric substrate was added and spots counted in an ELISPOT reader. 

 
Univariate analyses were performed using Fischer’s exact test for categorical data. 

Non-categorical variables were compared with the Mann-Whitney U-test. A multiple 

logistic regression model was created with Statistica version 8.0 (Windows) for 

multivariate analysis of risk factors for AdV infection. All tests were two-sided with a p 

value of <0.05 considered significant. 

 

 

4.2 PAPER II – VIRAL INFECTIONS IN CHILDREN WITH FEBRILE 
NEUTROPENIA 

 
4.2.1 The patients 
 

During one year (2007), a total of 90 episodes of febrile neutropenia occurring in 66 

children at the pediatric oncology units at the Children's Hospital at Westmead 

(Sydney, n=43) and Astrid Lindgren Children's Hospital at the Karolinska University 

Hospital (Stockholm, n=47), respectively, were analyzed with extended viral 

diagnostics. The median age was 5 years (range 5 months – 18 years) and non-solid 
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cancer types were slightly overrepresented (69%). In total, more than half of the 

children suffered from acute leukemia followed by neuroblastomas (10%) and 

sarcomas (7%).  
 

 

4.2.2 Materials 

 
Nasopharyngeal aspirate (NPA) and peripheral blood samples were collected in 

addition to samples for routine laboratory analyses. For detection of CMV, AdV, and 

EBV and B19, whole blood, plasma, and serum were used, respectively. 

 

 

4.2.3 Methods 
 

In NPA, conventional viral detection methods were used for detection of PIV, influenza 

A and B virus, RSV, HSV 1 and 2, VZV, HEV, AdV, and CMV. In addition, NPA was 

analyzed by real-time PCR for detection of RSV, influenza A and B virus, PIV, HEV, 

AdV, HRV, human bocavirus (HBoV), HMPV, non-SARS HCoV, and KI/WU 

polyomavirus [318, 319]. For detection of CMV, AdV, EBV, and B19 in blood, real-

time PCR was used [277, 320-322]. 

 

Group comparisons were performed by Kruskal-Wallis test using GraphPad Software. 

All tests were two-sided with p value of <0.05 considered significant. 

 

 

4.3 PAPER III – NASAL SWAB VERSUS NPA FOR VIRAL DETECTION 
 

4.3.1 The patients 
 

Independently of presence of URTS, a total of 98 episodes of febrile neutropenia 

occurring in 89 hematological patients were enrolled in this study. The median age was 

60 years (range 19-87 years) with acute leukemia and NHL as predominating 

underlying diseases.  The majority suffered from severe neutropenia, <100 

neutrophils/mm3. 
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4.3.2 Materials 
 

Paired samples of nasal and nasopharyngeal secretion were collected by a flocked nasal 

swab (fNS) and NPA, respectively.  

 

 

4.3.3 Methods 
 

First the fNS was inserted at least 20 mm and rotated inside each nostril, and then NPA 

was obtained via a sterile catheter inserted to the posterior nasopharynx (Figure 4). The 

fNS was transported without any medium, whereas the NPA was diluted with 2-3 mL 

of sodium chloride. Within the same day, a 500 μL of medium was added in which the 

fNS was shaken in order to release the biological material. 

 

 

 
Figure 4. Nasal swab versus nasopharyngeal aspirate for sampling of nasal and 
nasopharyngeal secretion, respectively. 
 

 

For both specimens, a real-time PCR assay including a broad panel of respiratory 

viruses covering AdV, HEV, HBoV, HCoV, HMPV, influenza A and B virus, PIV 1-3, 

HRV, RSV A and B was used [318]. 

 

Cohen’s kappa was calculated as a measure of agreement of the results obtained from 

either method. Wilcoxon signed-rank test and Pearson's correlation coefficient were 

used when appropriate. All tests were two-sided with p value of <0.05 considered 
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significant. The statistical software products InStat 3.05 and Prism 5.00 for Windows 

were used. 

  

 

4.4 PAPER IV – VIRUSES IN NEUTROPENIC ADULTS WITH AND 
WITHOUT FEVER 

 

4.4.1 The patients 

 
A proportion of the febrile episodes described in this paper were included in the study 

where we compared fNS and NPA (paper III). Between January 2008 and February 

2010 adult hematological patients presenting at Karolinska University Hospital, 

Stockholm, with neutropenia were included. In total, 144 of the episodes, occurring in 

124 patients, were associated with fever. A vast majority of these were included upon 

admission due to febrile neutropenia, whereas already hospitalized patients were 

included as soon as an elevated body temperature was measured. Another 39 patients 

(47 sampling occasions) were included upon regular clinical check-ups during 

neutropenia without fever. Patients admitted directly to the Intensive Care Unit where 

not included. Furthermore, patients having undergone allo-HSCT within the previous 

two years were excluded. The vast majority of the study subjects suffered from acute 

leukemia, NHL, multiple myeloma, or MDS. 

 

 

4.4.2 Materials 

 
At fever onset, the patients were admitted to hospital and sampled according to clinical 

routine. Bacterial cultures were performed on blood and in some cases from other 

locals such as urine, central venous catheter, feces, and pharynx. Within 72 hours, NPA 

and blood was collected for extended viral diagnostics. Whole blood and plasma were 

used for detection of CMV and AdV, respectively. For detection of EBV, B19, and 

BKV, serum was used. 
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4.4.3 Methods 
 

For detection of CMV, EBV, and AdV in blood, real-time PCR assays previously 

described were used [277, 320-322]. Newly developed primers and probes are 

described in Table 3, whereas for HRV (A and B) [323], HEV [324], influenza A virus 

[325], influenza B virus [318], RSV [326], and PIV 1 [327], the design is described 

elsewhere. 

 

For analysis of lymphocyte counts including subpopulations, peripheral blood was 

phenotypically characterized in 99 of the patients by staining with two sets of 

antibodies against the following cell surface markers; Set 1: CD3-FITC, CD8-PE, 

CD45-PerCP, CD4-APC; Set 2: CD3-FITC, CD16/CD56-PE, CD45-PerCP, CD19-

APC. TruCount tubes (BD Biosciences) were used for an absolute count. Thus, 

cytotoxic T cells, T helper cells, B cells, and NK cells were stained for. The size of 

monocyte populations was determined using the combination of side scatter and CD45. 

 

Univariate analyses were performed using Fischer’s exact test for categorical data. 

Non-categorical variables were compared with the Mann-Whitney U-test and also by 

Fischer’s exact test after dichotomizing the data above and below the median of both 

groups. Forward conditional binary logistic regression analyses were performed for 

multivariate analysis of factors associated with the dependent variable, fever. All tests 

were two-sided with p value of <0.05 considered significant. Software products used 

were Prism 5.00 for Windows and PASW Statistics 18. 

 



 

44 

 

Table 3. Newly designed primers and probes for different real-time PCR assays used 
in Study IV. 
Virus Primer/Probe Sequence (5’-3’) 
HCoV  FW YGATAAAGCTGTAGCTCGCAAACT 

ACGCGACCGTGCTGTAGC 
GATCATGAGATATCTGTTCAGAAGAAAATT 
CAGGGAATCATCTGTTCAAAAGAA 

REV GATTATCCAATTTACGAACCATGCTA 
GCTTGATTATCTAACTTACGCACCATACTA 
ACATATCCAAACGTCTTAACATTCCA 
AAACGTCGGAGCATGCCA 

PRO VIC-GATAAGAAGAGTAARGTTGTTTC-MGB 
VIC-TGGCTGAACAAGCTG-MGB 
 

HMPV  FW AAAGCATTAGGCTCATCCTCTACAG 
AAAGCTTTAGGCTCATCTTCAACAG 
AAAGCATTAGGCTCATCATCTACAGG 

REV ATTGTTAGATGACCTGGCAATGAC 
GTTGGATGACCTGGCAATGAC 
TGTTGGATGATCTGGCAATGAC 
TGTTGTTAGATGATCTGGCAATGAC 
TGTTAGATGACCTGGCGATGAC 

PRO NED-AGCAAAGCAGAAAGT-MGB 
 

Influenza B virus PROa 6FAM-CAGATCTGTGCAGTTGAG-MGB 
 

PIV2  FW TTACCTAAGTGATGGAATCAATCGC 
REV TCTTTYTCAGAYCTTGTAGCTACATAGCA 
PRO NED-AAGCTGTTCAGTCACTGC-MGB 

 
PIV3  FW TCCCCATGGACATTCATYGTT 

REV TGGCAYAGCAARTTACAATTAGGAA 
PRO NED-TGCCATGTCCATTTTA-MGB 

 
PIV4  FW CCAGTCAAATCAAYTGCCTCYG 

REV GATCTCTRATGCATAGTTCGCAAATT 
PRO NED-CATGTGGAAGATGTCC-MGB 

NOTE. HCoV, human coronavirus; FW, forward; REV, reverse; PRO, probe; HMPV, 
human metapneumovirus; PIV, parainfluenza virus. 
a Probe modified, otherwise as described by Tiveljung et al [318] 
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5 RESULTS AND DISCUSSION 
 
5.1 PAPER I – ADENOVIRUS IN ALLOGENEIC HSCT RECIPIENTS 

 
For all patients, including those who died before the follow-up period ended, a median 

of 11 samples (range 2–19) was collected weekly for AdV PCR directly after HSCT. A 

total of 5% (5/97) of the patients, three children and two adults, had at least one sample 

that tested positive for AdV DNA in plasma, although none of them had clinical 

evidence of AdV disease. This is in the lower part of the range of reported incidences 

illustrated in Figure 5 based on a summary made by Marcela Echavarría in 2008 [166]. 

The overall incidence is however 9% which is just slightly higher than the 5% reported 

in our study. One important difference however is the fact that not a single patient 

developed AdV disease, which is a conflicting result from the other studies where the 

AdV-associated morbidity and mortality of the infected was 10-89%. The disparity 

between the reports is most likely explained by differences in patient group 

composition with respect to known factors associated with AdV infection post allo-

HSCT (e.g. younger age and T-cell depletion). Moreover, not all relevant publications, 

such as the classical publication by Lion et al from 2003 [328], were taken into 

consideration. They found an AdV incidence of 27% in pediatric allo-HSCT recipients 

and stated that PCR-based monitoring of AdV in peripheral blood permitted early 

diagnosis of disseminated disease. Except for enteritis in some patients with AdV 

positivity in stool, detection of the virus at sites other than peripheral blood was not 

associated with AdV disease. Interesting of this, the same group recently presented data 

suggesting that detection of AdV in stool permits early detection of impending invasive 

AdV infection [329]. The incidence of AdV infection in children was 15% in our study. 

A rather similar overall frequency (19%) has been reported (Figure 6). 
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Figure 5. Reported incidences of AdV in HSCT recipients between year 1976 and 2005. 
The pink column represents the incidence of AdV infection in our study. The dashed 
line represents the reported overall incidence. The number of included recipients is 
stated above each column. 
 
 

 

 

 

Figure 6. Reported incidences of AdV in pediatric HSCT recipients between year 1979 
and 2005. The pink column represents the incidence of AdV infection in children in our 
study. The dashed line represents the reported overall incidence in children. The 
number of included recipients is stated above each column. 
 



 

  47 

The AdV titers in Patients no. 1-4 were below 1000 copies/mL plasma, but in the 

protracted AdV infection in Patient no. 5, the peak was 9000 copies/mL. Determination 

of serotype was possible in four of our AdV cases; serotype 1, 2, 3, and 31. Serotypes 1 

and 2 are very frequently isolated in HSCT recipients, reported in almost all studies 

where typing was performed. Serotypes 3 and 31 are reported in approximately half of 

the studies [166]. 

 

GVHD or its therapy is a known risk factor for AdV infection in allo-HSCT recipients 

[178]. In our study, all recipients suffered from GVHD at some time point during the 

follow-up period, but not necessarily before detection of AdV (Figure 7). GVHD was 

not found to increase the risk of acquiring AdV infection in our material.  

 

 

 

Figure 7. Sampling frequency of the AdV infected patients. AdV was found also in the 
intestine and kidneys at autopsy in Patient no. 3, and in feces at one occasion for 
Patient no. 5.  
 

Another known risk factor is younger age [174, 183, 184, 186]. The median age in the 

AdV positive group was 14 years (range 1.5-42) which was lower than 46 years (range 

2-69) in the AdV negative group (p<0.05; Figure 8). However, young age did not 

remain as a risk factor after multivariate analysis including possible confounding 

factors such as underlying disease, relationship to donor, stem cell source, conditioning 

regimen, and GVHD. 



 

48 

 

 
 

Figure 8. Difference in age between the AdV positive and AdV negative group.  
 
 

 

Other known risk factors are MAC, T-cell depletion, and the use of mismatched or 

unrelated donors [279, 328, 330-332], but those could not be confirmed in our study. 

However, MDS patients and recipients of bone marrow grafts were overrepresented in 

the group of AdV positive cases (p<0.01 and p<0.1, respectively). These associations 

remained after multivariate analyses with adjusted odds ratios (95% CI) of 56.2 (3.6-

876) and 15.7 (1.2-205), respectively. Previously, these factors have not been reported 

to be associated with higher risk of acquiring AdV infection. 

 

As discussed above, a number of factors influence the incidence of AdV infections in 

these patients. Two other factors may also contribute to the disparity, namely the 

number of body sites investigated and the viral detection methods used. However, such 

relationships could not be seen in a summary of the studies presented above (Figure 9). 
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Figure 9. Correlation of reported incidences to A) number of body sites investigated, 
and to B) viral detection method used. The pink dot in A represents our study. The 
dashed lines illustrate the 95% CI for the trend line.  
 

Rapid reconstitution of the lymphocyte population and, likely, the presence of AdV-

specific T cells of a donor origin, contribute to prevention of AdV infection early after 

SCT [190, 279, 332]. Our ELISPOT data showed that more than half of randomly 

selected adults had T-cell immune responses against AdV on at least one time point 

during the first 3 months. Unfortunately, only a low number of patients were tested, and 

none of them had AdV infection. Thus, the study could not determine the protective 

effect of the AdV-specific T cells. 

 

 

5.2 PAPER II – VIRAL INFECTIONS IN CHILDREN WITH FEBRILE 
NEUTROPENIA 

 

In paper I the aim was to identify a virus known to cause severe disease in a certain 

patient category. In paper II the aim is somewhat different. Here we try to identify a 

broad range of viruses as possible etiological agents of fever, not necessarily disease, in 

children with febrile neutropenia.  

 

Using conventional viral detection methods on NPA, together with bacterial culture on 

blood, a total of 26 out of the 90 febrile episodes (29%) revealed a possible etiological 

agent. Of these, bacteremia and one or more viral pathogens were identified in 21 and 
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10 episodes, respectively. Thus, with conventional methods, the viral prevalence was 

11%. Using the same samples for analysis by real-time PCR with an even broader 

range of detectable viruses (including CMV, EBV, AdV, and B19 in blood), one or 

more viral pathogens were detected in 44 of the cases (49%). Together with bacterial 

culture the total number of episodes with a microbial agent detected was 54 (60%; 

Table 4). This increase was due to an even more extended panel of viruses investigated, 

but also the switch to PCR explained additional findings; in a total of 22 samples a 

virus type that is detectable by conventional methods was detected by PCR. As many as 

71% of these were negative when IF and culture were used! 

 

Five out of eight patients with serial samples could demonstrate clearance after a 

median of 5.5 weeks (range 2.7-14 weeks), but as no sequencing was performed it is 

possible that the persistent virus actually was a new virus with another genotype. This 

has been shown to be a common event in a prospective study of infants [333]. 

Conflicting results are described regarding time of virus shedding in 

immunocompromised children. Despite no confirming sequencing, prolonged shedding 

of RSV and HRV was apparent in two studies on children with cancer [334, 335], 

whereas another study demonstrated clearance in 23 out of 27 cases of viral respiratory 

tract infection [336]. In the cases with prolonged shedding, HRV was present in three 

and RSV in one. Whether prolonged shedding occur or not, an important fact is that 

viral infections can be asymptomatic. Several recent studies have investigated the 

association between respiratory virus findings and symptoms in children [337-340]. 

Various results are presented that range from almost no asymptomatic children to an 

equal distribution of symptomatic and asymptomatic children in virus positive cases. 

Most common viruses associated with asymptomatic infection were HRV, HEV, and 

HCoV. Influenzaviruses, RSV, and AdV were rare findings in asymptomatic children. 
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Table 4. Microbiological findings in 90 episodes of febrile neutropenia revealed by bacterial blood 
culture and real-time PCR in blood and NPA. 

Single virus 
in NPA 

Co-presence 
of virus in 
NPA 

Virus in 
blood 

Bacteria 
in blood 

Co-presence 
of virus and 
bacteria 

Episodes with 
at least one 
agent detected 

Episodes with 
no agent 
detected 

n=21 
(23%) 

n = 9 
(10%) 

n = 4 
(4%) 

n = 10 
(11%) 

n = 11 
(12%) 

n = 54 
(60%) 

n = 36 
(40%) 

HRV: 10 HRV, AdV B19: 2 G+ : 4 HRV: 5 G+ 
AdV: 3 HRV, HBoV CMV: 1 G- : 6            3 G - 
KIPyV: 3 HRV, OC43 EBV: 1 

HKU1: 2 
HRV, 
WUPyV PIV3: 2 G + 

HBoV: 1 
NL63: 1 KIPyV, HEV KIPyV: 1  G+ 
OC43: 1 KIPyV, HBoV HBoV 

RSVB, HKU1 
RSVB, HKU1 
HMPV, NL63 

NOTE. AdV, adenovirus; B19, erythrovirus B19; HBoV, bocavirus; CMV, cytomegalovirus; CRP, C-
reactive protein; EBV, Epstein-Barr virus; EV, enterovirus; G+, Gram positive bacteria; G−, Gram negative 
bacteria; HKU1, coronavirus HKU1; HMPV, human metapneumovirus; HRV, human rhinovirus; KIPyV, 
KI polyomavirus; NL63, coronavirus NL63; NPA, nasopharyngeal aspirate; OC43, coronavirus OC43; 
PIV3, parainfluenza virus 3; RSV, respiratory syncytial virus; WUPyV, WU polyomavirus 

  

 

 

Independently of viral detection method used, the overall yield of potential etiological 

agents of febrile neutropenia increased significantly with extended viral diagnostics 

(Figure 10). This finding motivated us to conduct yet another study with a similar aim 

(Paper IV). However, as discussed in this section, viral findings can be made in 

asymptomatic individuals, and, as thoroughly penetrated in previous parts of the thesis; 

viral findings are not always associated with fever. Therefore we included afebrile 

neutropenic patients as controls in study IV. Moreover, presence of virus was not a 

useful parameter to predict non-bacterial fevers. In 24% of the cases when a virus was 

detected there was a concurrent bacterial infection. The corresponding proportion when 

virus was absent was even less, 22%.  
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Figure 10. Distribution of viruses and bacteria in the 90 episodes of febrile 
neutropenia. Viruses detected by either a conventional viral detection method or PCR. 
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5.3 PAPER III - NASAL SWAB VERSUS NPA FOR VIRAL DETECTION 

 
In the study described in paper II, one of the most frequent explanations for denial to 

participate was to avoid the use of NPA. The method is, from a strict clinical 

perspective, harmless and should not be painful. It could, however, be frightening for a 

child since a long catheter is used and the suction device can be noisy. Furthermore, the 

technique is somewhat complicated. Using a swab to collect nasal secretion has been 

shown in many studies to be a rather proper alternative [341-345], but conflicting 

results exist [346-348]. Most studies are performed on symptomatic children, and the 

detection methods and viruses sought for differ. Both conventional viral detection 

methods and PCR assays have been used with foremost RSV and influenzavirus as 

subjects for investigation. Different depths ranging from 1-4.5 cm have been used, as 

well as nasopharyngeal swabs (NPS). In addition to the lack of a consensus from the 

literature, we also suspected that fNS would be insensitive in immunosuppressed 

individuals due to an altered inflammatory response to infection with subsequent less 

nasal secretion.  

 

In the first part of the study described in paper IV, we collected nasal secretion with 

fNS in parallel to NPA. If the fNS showed acceptable sensitivity it was supposed to 

replace the NPA in the further study. Although several reports have suggested that 

sensitivity increases when the nasopharynx is sampled instead of the nasal cavity [342, 

349], a relationship between reported depth and sensitivity is not evident (Table 5). In 

fact, a comparison of fNS and NPS showed that the use of nasal swabs was accurate but 

significantly less painful than nasopharyngeal swabs for virus diagnosis. We thus chose 

to insert the fNS to a depth of 2-3 cm. 

 

From the first 98 pairs collected, the number of positive samples detected by either 

method was 20. Only thirteen of these (65%) were detected by the fNS. The number of 

positive samples is small, but the upper limit in the 95% confidence interval for the 

overall sensitivity was 85%; an unacceptable low sensitivity for us to replace an 

established method. Illustrative of this is the fact that we would need to collect 54 

additional double-positive pairs, without any additional negative swabs, in order to 

reach sensitivity above 90%. Thus, we decided to continue using NPA. 
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Table 5. Summary of studies comparing swabs and nasopharyngeal aspirates. 

Study 
Depth 
(cm) PCR Viruses 

Sensitivity 
(range)a 

Sungb [345] 1-1.5 No RSV, Flu A, PIV, 
AdV 
 

69% overall 
(PIV 49% –AdV 89%) 

Sungb [345] 1-1.5 Yes RSV, Flu A, PIV, 
AdV 
 

81% overall 
(RSV 67% –PIV 95%) 

Macfarlane [347] 2 No RSV 
 

66% 

Heikkinen [343] 2-3 No RSV, Flu A+B, PIV, 
AdV, HRV, HEV 
 

81% overall 
(RSV 76% –Flu 92%) 

Öhrmalm 2-3 Yes RSV, Flu A+B, 
HRV, HEV, HMPV, 
HBoV 
 

65% overall 
HRV 78% 

Stensballe [346] 2-3 No RSV 
 

73% 

Abu-Diab [342] 4.5 No RSV, Flu A, PIV, 
AdV 
 

98.5% overall 
(AdV 89% –Flu 100%) 

Frayha [350] NPS No RSV, Flu A+B, PIV, 
AdV 
 

85% overall 
(RSV 90%) 

Ahluwalia [351] NPS No RSV 
 

65% 

Cruz [352] NPS No RSV, Flu A+B, PIV, 
AdV, HRV, HEV 

57% overall 
(HEV 54%, AdV 86%) 

NOTE. RSV, respiratory syncytial virus; Flu, influenza virus; PIV, parainfluenza 
virus; AdV, adenovirus; HRV, human rhinovirus; HEV, human enterovirus; HMPV, 
human metapneumovirus; HBoV, human bocavirus. 
a Between the virus with the lowest sensitivity to the virus with the highest 
sensitivity. If not reported, or too few numbers, single values of sensitivity are 
presented 
b Same study using different viral detection methods 
 
 
 
. 
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5.4 PAPER IV - VIRUSES IN NEUTROPENIC ADULTS WITH AND 
WITHOUT FEVER 

 
In study II, we found virus in a rather large proportion of the febrile episodes. However, 

it is not evident, nor likely, that all viruses found are true etiological agents. To further 

determine causality, we compared the prevalence of viruses in neutropenic patients 

with and without fever. The study described in paper IV is similar to study II but differs 

in some aspects; an adult cohort is investigated instead of a pediatric, the panel of 

viruses looked for differ slightly and does not utilize conventional methods, and, as 

mentioned, the study includes afebrile neutropenic patients as controls. Furthermore, 

additional data on common cell populations in peripheral blood was gathered. 

 

As compared to the 50% in the pediatric study, we found one or more viral pathogens 

in 42% of the 144 episodes of febrile neutropenia (Figure 11). Half of these pathogens 

were detected in NPA. Bacterial infection, foremost bacteremia, was present in 35% of 

the episodes, and in one-third of these cases a viral pathogen was found. Conversely, in 

one-third of the virus positive cases, a bacterial infection was determined. Thus, viral as 

well as bacterial infections were more commonly a single infection rather than a co-

infection. 

 

 

 
 

Figure 11. Distribution of viruses and bacteria in the 144 episodes of febrile 
neutropenia and the proportion of viruses detected in peripheral blood and 
nasopharyngeal aspirate (NPA), respectively. 
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Except for the absence of HCoV and PIV, the proportion of detected respiratory viruses 

in NPA was expected; HRV were present in 13 episodes followed by AdV with 7 

episodes. These two viruses were the only represented in the control group. 

Influenzavirus and RSV were equally represented with 5 episodes each, followed by 

HMPV with 2 episodes. As described earlier, HRV seems to be less pyrogenic, and it is 

thus expected to find this virus, if any, in the control group. Rather surprisingly, the 

predominant virus in blood was BKV which is a common cause of hemorrhagic cystitis 

in allo-HSCT recipient [199, 200]. In a total of 18 episodes the virus was detected, but 

with low copy numbers. The second most common virus in blood was CMV, again 

another virus commonly detected post HCST. No one of the controls had detectable 

CMV in blood, and only in one afebrile patient BKV was detected. B19 and EBV were 

also common pathogens in the fever-group, but for EBV the prevalence was equally 

high in the fever-group as in the control group. The copy numbers were low and it is 

unlikely that the pathogens found in blood caused disease. However, could they have 

induced fever? 

 

 
 

 
Figure 12. Difference in virus prevalence between the neutropenic patients with and 
without fever. The p value refers to the univariate analysis. 
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In summary, a significant difference in virus prevalence was found between the groups 

(Figure 12). This was true for viruses in NPA and blood separately as well. 

Unfortunately, the controls were also significantly less immunosuppressed than the 

febrile patients. However, the difference of the immunological status between the virus-

positive and the virus-negative patients was not statistically significant (Figure 13) 

except for the T helper cells (Figure 14). 

 

 
Figure 13. Comparison of lymphocyte and NK cell count (cells/L) for the febrile and 
afebrile patients as well as for the virus-infected and virus-free patients. The dashed 
line represents the reference interval used at the routine laboratory. *, p<0.05; ***, 
p<0.001. 
 

 

 
 

Figure 14. Comparison of helper T cell count (cells/L) for the febrile and afebrile 
patients as well as for the virus-infected and virus-free patients. The dashed line 
represents the reference interval used at the routine laboratory. *, p<0.05; ***, 
p<0.001. 
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In an attempt to rule out possible confounding factors that was detected when 

comparing the fever-group and the controls regarding several parameters, we created a 

multivariate regression model. The association remained and no other factor, including 

immunological status, could thus better explain the association between fever and 

presence of virus. Furthermore, URTS were by far more frequent in patients with virus 

detected in NPA (OR=4.4, p<0.001). 

 

Nevertheless, there are two major considerations to take into account; (1) the sample 

size is rather small which could lead to “small sample bias” in a regression model; (2) 

the most important confounding factor was not measured, namely bacterial infections 

not detected by conventional bacterial culture. In two recent studies, PCR improved the 

microbiological documentation of infections in febrile neutropenia [353, 354], and 

maybe extended bacterial diagnostics could have explained the fever in our study better 

than the viruses. Not surprisingly, we failed to identify laboratory parameters that could 

reliably distinguish patients with different infections. Within the fever group there were 

no differences in CRP according to type of infection. This was also true within the 

control group. The mean CRP in the fever group was however significantly higher than 

the mean CRP for the controls. However, this finding is unfortunately of no clinical 

relevance. As in the pediatric study, a virus finding could not help predicting a non-

bacterial fever. Bacteria were detected in 31% of the virus-positive cases, whereas in 

the virus-negative group, a total of 38% had positive bacterial culture.   
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6 CONCLUSIONS AND FUTURE PERSPECTIVES 
 
The study described in paper I differs from the studies described in paper II and IV. 

The attempt to determine the incidence of AdV infections in allo-HSCT recipients was 

motivated by the knowledge that AdV is associated with morbidity and mortality in this 

patient category. A high incidence of AdV infection and AdV disease in our study 

could have supported yet another clinical trial with evaluation of known and newfound 

risk factors. Preemptive treatment in randomly selected patients with AdV detected in 

plasma would further have increased our knowledge about the clinical course upon 

infection. Despite the low number of AdV infections and absence of associated disease 

in our study, there are good reasons not to leave the matter aside. The incidence could 

vary with changed transplant regimens; for example usage of T-cell depleted graft or 

increased proportion of pediatric recipients would motivate reinforced attention. 

Furthermore, as such a great number of AdV serotypes exist, it is of major importance 

to have a reliable PCR assay that are proved to cover the whole panel. The assay should 

be designed to be able to take part in a multiplex assay consisting of other important 

pathogens post allo-HSCT such as CMV, EBV, and BKV. We have designed and 

evaluated an in-house made real-time PCR assay that showed to cover all tested 

serotypes (type 1-50 and 53), and we plan to include it in a fourplex-PCR assay 

designed for post allo-HSCT surveillance.  

 

The papers II and IV describe another approach to improve the clinical care of 

immunocompromised patients. We aimed to identify pathogens that not primarily 

caused severe disease in the patients, but yet were potential etiology to fever. As the 

regimen of prompt empirical antibiotics is widely used upon febrile neutropenia, our 

findings suggest that a proportion of the episodes may be associated with overuse of 

antibiotics. The difference regarding virus prevalence between febrile and non-febrile 

neutropenic patients in paper IV is a promising result. Rather disappointing, however, 

was that the presence of virus did not predict bacterium-free fever. Moreover, there are 

several weaknesses in the study that detract from enthusiasm. Although multivariate 

regression analyses are developed to adjust for not perfectly matched controls, a much 

better study design for this matter is a prospective longitudinal study where the patients 

can be their own controls. Furthermore, results from one homogenous cohort cannot 

always be translated into another. Still, it is better to have reliable results from a small 
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cohort possible to interpret, than to have uncertain results from a heterogeneous group 

such as “hematological patients”.  Thus, a smaller but yet more homogenous patient 

category such as NHL should be investigated one at the time rather than grouped 

together. For viral detection, we can be sure from study I that PCR is superior to the 

conventional viral detection methods. In future studies, though, the higher sensitivity of 

NPA compared to fNS must counterbalance the lower inclusion rate. Finally, all 

relevant extended diagnostics should be used in parallel rather than one at the time. 

 

The studies on etiology of febrile neutropenia did not reveal absolutely convincing 

evidence of an association between viral infections and fever. The results are however 

promising and we therefore plan to conduct a prospective longitudinal surveillance 

study on a more isolated group of hematological patients in order to further investigate 

causality. The sampling occasions will include time-points in both the neutropenic 

phase, with and without fever, and the non-neutropenic phase. In addition to the 

extended viral diagnostics, we plan to use comprehensive bacterial and fungal 

diagnostics including PCR technique. Moreover, the patients will be asked for 

epidemiological information in a higher extent than is done per clinical routine. Finally, 

as the most clinical relevant question to answer is whether the patients suffer from a 

bacterial infection or not, we will try to identify reliable predictors thereof. A possible 

subsequent clinical trial with low-risk patients selected to early discontinuation of the 

empiric antibiotic treatment could be based on these predictors. In the trial, a 

continuous improvement of the prediction algorithm could be achieved through a 

similar extended diagnostic approach. Most importantly, these attempts to advance the 

clinical care must be made with minimum risk of endanger the health of the patients – 

step by step. 
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7 POPULÄRVETENSKAPLIG SAMMANFATTNING 
 
Antalet personer med nedsatt immunförsvar har paradoxalt nog ökat i takt med 
medicinska landvinningar. Detta beror dels på att patienter med nedsatt immunförsvar 
som delfenomen i en svår sjukdom övelever längre, dels på att behandling i samband 
med transplantation och cancer ofta innefattar cellgifter som trycker ner 
immunsystemets snabbt delande celler. Ett dåligt fungerande immunförsvar innebär en 
ökad risk att drabbas av infektioner, och dessa patienter kan bli svårt sjuka eller till och 
med avlida av infektioner som annars vore banala och självläkande hos personer med 
intakt immunförsvar. 
 
Av denna anledning är resultatet av den ökande mängd genomförda 
stamcellstransplantationer, då patienternas sjuka benmärg byts ut, till stor del beroende 
av hur väl komplikationer i form av svåra infektioner kan upptäckas och kontrolleras 
under det långa efterförlopp som kan vara flera år. Ett belysande exempel på detta är 
den dramatiska minskningen av dödlighet i komplikationer till infektion med 
cytomegalovirus (CMV), som har uppnåtts via införandet av rutinmässig övervakning 
och snabbt insättande av effektiv läkemedelsbehandling mot detta virus. Adenovirus 
(AdV) är ett annat virus som föreslagits spela stor roll som orsak till sjuklighet och 
dödlighet hos dessa patienter, och i vissa studier har närmare hälften av alla 
transplanterade ådragit sig infektion med AdV. Hur vanligt och viktigt detta virus är i 
dessa sammanhang är dock inte tillräckligt utrett för att rutinmässiga kontroller ska 
införas på bred front. För att bättre kunna värdera nyttan av ett sådant införande, gjorde 
vi en studie där vi parallellt med ett befintligt övervakningsprogram för CMV, också 
tog regelbundna prover avseende AdV i blod hos barn och vuxna som genomgått 
stamcellstransplantation. Vi fann att 5% (5/97) av patienterna hade AdV i blodet någon 
gång under uppföljningstiden, och i alla fallen utom ett återfanns ett lågt antal 
viruspartiklar talande för en låggradig infektion. Ingen av patienterna visade tecken till 
sjukdom relaterad till AdV. Dessa resultat tyder på en mindre betydelse av AdV-
infektion hos denna patientkategori än vad flertalet tidigare rapporter visat. Dock skulle 
vi med stor sannolikhet påvisat fler AdV-infektioner om vår studie hade inkluderat 
patienter med fler riskfaktorer för AdV-infektion efter transplantation. Förutom låg 
ålder, finns andra kända riskfaktorer för AdV-infektion hos transplanterade som de 
flesta direkt eller indirekt anknyter till graden av nedtryckt immunförsvar. I vår studie 
kunde vi finna två nya sådana riskfaktorer som inte tidigare rapporterats. Ökad risk sågs 
för patienter med diagnosen myelodysplatiskt syndrom som anledning till 
transplantation, samt de som fick benmärg som stamcellskälla i stället för stamceller 
från perifert blod eller navelsträngsblod. Även om intensiv övervakning och en 
eventuell antiviral behandling inte hade påverkat det kliniska förloppet hos patienterna i 
denna studie, kan strategin ändå vara aktuell för andra situationer där patienter med fler 
riskfaktorer genomgår ett transplantationsförfarande som trycker ned immunförsvaret 
än mer. 
 
En annan kategori av patienter med kraftigt påverkat immunförsvar är patienter som 
behandlas med upprepade cellgiftskurer mot cancer. Kort efter behandling sjunker 
antalet vita blodkroppar drastiskt (neutropeni) och i händelse av feber måste patienterna 
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åka till sjukhus för inläggning med intravenös behandling med antibiotika, eftersom 
man vet att bakteriell infektion hos dessa så kallade neutropena feberpatienter kan vara 
livshotande. Diagnostiken av vad som orsakar febern riktas i praktiken traditionellt mot 
att leta efter bakterier, och i ungefär en tredjedel av fallen lyckas man med detta, men i 
de övriga två tredjedelarna förblir orsaken okänd. Det finns alltså anledning att tro att 
febern inte alltid orsakas av bakterier, och att man i stället skulle kunna fastställa t.ex. 
virus som orsak om man bara letade efter dessa medelst relevant provtagning. 
Vinsterna vore stora, eftersom man då skulle kunna skilja ut vilka patienter som är i 
behov av antibiotika och som måste stanna inneliggande på sjukhus. För de med 
virusinfektion skulle man kanske i en framtid kunna ändra handläggningsrutinerna och 
medge hemgång utan antibiotika. Detta skulle betyda minskad tid på sjukhus med ökad 
livskvalitet för patienterna under denna redan svåra period i deras liv, och därtill 
minimera risken för ytterligare infektioner med vanliga sjukhussmittor. Minskad 
användning av antibiotika minskar också risken för resistensutveckling och 
opportunistiska infektioner, t.ex. med svamp. Totalt skulle detta även reducera 
sjukvårdskostnaderna, vilket åtminstone kan vara ett krasst sjukvårdspolitiskt argument. 
Av dessa anledningar har vi därför i två stora studier, undersökt möjligheten att med 
utökad virusdiagnostik vid neutropen feber åstadkomma ett underlag för en framtida 
förändring av den kliniska handläggningen av dessa patienter. Både barn och vuxna 
patienter har ingått i studierna och virusdiagnostiken har riktats mot en bred panel av 
utvalda virus som vi har goda skäl att anse som de mest potenta att orsaka feber i denna 
patientgrupp. Det handlar dels om virus som normalt ligger vilande hos friska individer, 
men som kan blossa upp vid nedsättning av immunförsvaret, dels om virus som är 
vanligt förekommande i samhället, däribland flera förkylningsvirus och influensa. Vi 
undersökte förekomsten av dessa virus i blod och i de övre luftvägarna hos patienterna, 
och kunde samtidigt göra jämförelser mellan olika provtagnings- och 
påvisningsmetoder. Hos barn fann vi virus i hälften av fallen och de återfanns 
framförallt i luftvägarna. Totalt, inklusive episoderna där bakterier bedömdes vara 
orsaken till feber, lämnades endast ca 40% av fallen utan något mikrobiologiskt fynd. 
Motsvarande siffror hos vuxna patienter var snarlika med virusfynd i drygt 40% av 
fallen. Här återfanns dock ungefär hälften i luftvägarna och hälften i blod. När vi 
jämförde med en kontrollgrupp från samma patientkategori, men utan feber, fann vi en 
markant skillnad i förekomst av virus. Här återfanns ett virus i endast 13% av fallen, 
jämnt fördelade mellan blod och luftvägar. Den kliniskt viktiga uppgiften att utesluta 
bakteriell infektion, visade sig dock ej görbart endast genom att påvisa förekomst av 
virus. Andelen bakteriella infektioner var nämligen ungefär lika stor hos dem som hade 
respektive inte hade virusinfektion. Den höga andelen virus vid neutropen feber och det 
faktum att motsvarande feberfria patienter inte hade virus i samma utsträckning, ger 
dock hopp om att våra fynd kan spela en viktig roll tillsammans med andra variabler i 
en framtida algoritm för handläggningen av dessa patienter. Detta motiverar därför till 
fortsatt forskning som nu är under planering i vår grupp. 
 

 

 
 
 



 

  63 

8 ACKNOWLEDGEMENTS 
 
Many people have directly or indirectly contributed to this work, and I am grateful to 
each one of you. In particular I would like to acknowledge the patients participating in 
these studies. In fact, I am impressed of all patients that in their most traumatic and 
worrying situations even considered participating. 
 
I would like to thank my supervisors: 
Thomas Tolfvenstam, thank you for being my main supervisor in the very first and the 
very last period of my education. Your never-ending humorous self criticism and faked 
pessimism kept me laughing for three years, and, dear Eeyore, you have at least one 
friend in the Hundred Acre Wood, grateful for being a part of your group! Although 
you always claim the opposite, you are not the most terrible scientist and physician ever 
– that would be me. Kristina Broliden, thank you for inviting me to research. I am, 
despite a drained bank account, very grateful for taking part of this world to which you 
have been an outstanding guide. I am impressed by all of your professional skills, such 
as your extraordinary gift to identify possible alternatives, make a decision, and then – 
move on. More importantly, you are a kind, positive, and helpful friend. Oscar 
Norbeck, my co- and main supervisor, thank you for everything. Working with a 
hybrid of pure intelligence, creativity, humor, and kindness has been a pleasure. In 
order to avoid doubling the size of this booklet; I am impressed! I hope and look 
forward to working with you in the future – independently of setting. 
 
Professor Marie Wahren-Herlenius, my external mentor, thank you for useful 
guidance regarding the research, the clinical work, and - the kids. 
 
Professor Per Ljungman, my unofficial supervisor, thank you for all your support 
regarding everything from editorial work to hematological expertise. It is satisfying to 
have an answer within 5 minutes to an email sent at 2 a.m.  
 
I would like to thank all the members of the BROLIDEN group, both present and those 
who I had the pleasure to meet before they left. You have all contributed to my well-
being in different ways, but I will take this opportunity to thank you all at once: From 
the “Parvo group” with Anna Lindblom, Igge Gustafson, Michelle Wong, Calle 
Aust, and Victor Yman; from the HIV group with Taha Hirbod, Annelie Tjernlund, 
Klara Hasselrot, Sophia Brismar, Pauline Levinson, Tove Kaldensjö, Karin 
Bohman, Mia Ehnlund, and Pernilla Petersson; from the Malaria group with Anna 
Färnert, Anne Liljander, Klara Lundblom, Josea Rono, Dashti Saduddin, 
Khayrun Nahar, Johanna Sandlund, and Sofia Pino; from the Herpes encephalitis 
group with Birgit Sköldenberg and Biborka Bereczky-Veress; from the MabTech 
group with Christian Smedman and Lindvi Gudmundsdotter. However, I would like 
to express special thanks to some colleagues: Michelle, thank you for teaching me 
basic laboratory work. You do have patience. I will soon be able to unscrew caps with 
one hand only… Pernilla, my PhD education would not have been as fun without you. 
Thank you for teaching me “lab-vett”, and thank you for sharing all your stories – 
including Friday night photos. Pauline, thank you for helping me with the 
administrative work. You have always been supportive during these years. Anne, 
unfortunately no longer a member of the group, thank you for serving coffee every 
second morning. You were always a good listener, but foremost, no one could shorten 
my abstracts like you did. Reconsider research! Anna Lindblom, thank you for fun 



 

64 

collaboration and trips. Most importantly, thank you for meeting my frequent alarm 
reports regarding my kids’ potential malignancies with such professional tolerance and 
understanding!! Q84 is blessed. Calle Aust, my future research buddy, thank you for 
all your help so far. I hope that the work you have spent will pay off. Mia, mother of 
the group, you are the most helpful person ever; tolerant and warm-hearted. Thank you. 
Christian, thanks for your inspiring attitude and well-structured work with our 
monocytes and T cells. 
 
The study on adults with febrile neutropenia could not have been performed without the 
outstanding support from the staff at the Hematology Center at Karolinska University 
Hospital in Huddinge and Solna. Special thanks to Dr PA Broliden who included a 
great part of the patients, Dr Janne Sjöberg for arranging with resources from the 
Clinical Study Unit, and Dr Christian Kjellander for valuable input in the beginning 
of the project. It has been a pleasure working with all the study nurses at both sites, 
including Elisabeth Rilegård, Harriet Ryblom, Sonja Sönnert-Husa, Karin 
Bengtsson, and Caroline Poletto. Special thanks to Elisabeth for teaching me how to 
collect blood samples (Oscar is still alive), and to Syster Caroline for your never-
ending enthusiasm regarding the project! 
 
Now retired, study nurse Ingrid Härviden. Thank you for your instant assistance, 
always on short notice. 
 
The staff at the Departments of Microbiology in Huddinge and Solna, thank you all 
for taking care of thousands of samples, analyzing many of them, sharing good advices, 
and - being so friendly. Special thanks to Ilona Lewensohn-Fuchs, Björg Ellison, 
Hamzah Safari, Seyfi Haddadi, Kicki Englund, Gunilla Gardefuhr at the Huddinge 
site, and to Benita Zweygberg Wirgart, Maria Rotzén Östlund, and Pia Andersson 
at the Solna site. 
 
I would like to thank Ulf Bronner, Mats Kalin, Martin Glimåker, Niclas Johansson 
and all the doctors at the Clinic of Infectious Diseases at Karolinska University 
Hospital in Solna who exposed me to their field of medicine six years ago. I would also 
like to thank Jonas Hedlund for the continued work with eSEM. Furthermore, I want 
to give my thanks and apologies to Kjerstin Björkholm and Anne Rasikari. I simply 
can’t learn how to fill out forms – I can’t even find them! 
 
My general work has been dependent on several administrative and supportive key 
persons at CMM like Delphi Post, Elisabeth Berg, Maria Rastas, Dagmar Vejsicka, 
Rudolf Matousek, and Daniel Uvehag. Thank you for oiling the machinery! 
 
Annika Van Vollenhoven, thank you for your friendly and valuable help with the flow 
cytometry. Tomas Ekström, thank you for always agreeing with me. You are always 
right too, you know. Clas Johansson, I appreciate our nice talks about education, 
research, and how things should be. 
 
The PhD education is a jungle of administration in which I’ve got lost more than once. 
Thank you Monica Rundgren, Camilla Berg, and Lillemor Melander for being so 
polite when giving me directions. 
 
I would like to send a warm hug to Umeå and the woman I’ve never met. Annika 
Allard, you are a role model for everyone who receives calls from PhD students trying 
to formulate questions about techniques they can’t even spell – like PCR. 



 

  65 

 
All friends from Medical School, thank you for so many years of laughs and “får vi 
verkligen röra den där fruktskålen?”.  
 
All my friends, none mentioned and none forgotten, I do hope we find more time for 
each other soon. Thank you for pretending to be interested in my research. Thank you 
Blå Laget, we’ll never grow old… 
 
The Werntoft mafia, thank you for your love and always open arms, your never-
ending production of kids (Gunborg and Elisabet excluded), and for being such a 
heterogenic group of Äkta Skåningar (Jonas included). 
 
Johan, I would like to thank you for being my supportive and thoughtful brother, with 
whom I’m never bored. Thank you, dear Christina, for making “Öhrmalm” less 
embarrassing on a PubMed search. More importantly, thank you both for your 
wonderful daughters Maja and Saga. 
 
Mamma, while I write this very sentence, you are playing around with my kids, 
preventing them from disturbing their father. When they go to bed, I guess you will ask 
to do the laundry. Thank you, I’m grateful for everything – även tidningsurklippen som 
jag inte alltid hinner läsa. My stepfather, former father-in-law, Calle Aust’s present 
father-in-law, Kurt-Göran, thank you for all good dinners, political discussions, and 
for the building of our terrace. Frida, thank you for being my half-sister. I can’t believe 
that you are carrying twins! Did you say four or five kids? 
 
Min älskade Ida, tack för den familj du gett mig. Du är världens bästa fru och mamma. 
Tack för att du aldrig sålde din sämsta aktie - jag tror faktiskt botten är nådd nu. Tack 
Vilhelm, Tuva och Alva, mina kära små mirakel, nu blir det Bolibompa på jobbdatorn 
i stället… 
 
 
 
In memoriam: Pappa, I’m guessing that you are responsible for all this. 
 



 

66 

9 REFERENCES 
 
 
 
1. Iyer LM, Balaji S, Koonin EV, Aravind L: Evolutionary genomics of nucleo-

cytoplasmic large DNA viruses. Virus Res 2006, 117(1):156-184. 
2. Goodman LS, Wintrobe MM, et al.: Nitrogen mustard therapy; use of 

methyl-bis (beta-chloroethyl) amine hydrochloride and tris (beta-
chloroethyl) amine hydrochloride for Hodgkin's disease, lymphosarcoma, 
leukemia and certain allied and miscellaneous disorders. J Am Med Assoc 
1946, 132:126-132. 

3. Hirsch J: An anniversary for cancer chemotherapy. JAMA 2006, 
296(12):1518-1520. 

4. Cerutti A, Rescigno M: The biology of intestinal immunoglobulin A 
responses. Immunity 2008, 28(6):740-750. 

5. Schenk M, Mueller C: The mucosal immune system at the gastrointestinal 
barrier. Best Pract Res Clin Gastroenterol 2008, 22(3):391-409. 

6. Pastva AM, Wright JR, Williams KL: Immunomodulatory roles of surfactant 
proteins A and D: implications in lung disease. Proc Am Thorac Soc 2007, 
4(3):252-257. 

7. Hussain S: Role of surfactant protein A in the innate host defense and 
autoimmunity. Autoimmunity 2004, 37(2):125-130. 

8. Sano H, Kuroki Y: The lung collectins, SP-A and SP-D, modulate 
pulmonary innate immunity. Mol Immunol 2005, 42(3):279-287. 

9. Doan T: Lippincott's Illustrated Reviews: Immunology: Lippincott Williams 
& Wilkins; 2008. 

10. Neth O, Hann I, Turner MW, Klein NJ: Deficiency of mannose-binding lectin 
and burden of infection in children with malignancy: a prospective study. 
Lancet 2001, 358(9282):614-618. 

11. Frakking FN, Israels J, Kremer LC, Kuijpers TW, Caron HN, van de Wetering 
MD: Mannose-binding lectin (MBL) and the risk for febrile neutropenia 
and infection in pediatric oncology patients with chemotherapy. Pediatr 
Blood Cancer 2010. 

12. Atkins E: Fever: the old and the new. J Infect Dis 1984, 149(3):339-348. 
13. Dinarello CA: Infection, fever, and exogenous and endogenous pyrogens: 

some concepts have changed. J Endotoxin Res 2004, 10(4):201-222. 
14. Wang YX, Xu WG, Sun XJ, Chen YZ, Liu XY, Tang H, Jiang CL: Fever of 

recombinant human interferon-alpha is mediated by opioid domain 
interaction with opioid receptor inducing prostaglandin E2. J 
Neuroimmunol 2004, 156(1-2):107-112. 

15. Blatteis CM: The onset of fever: new insights into its mechanism. Prog 
Brain Res 2007, 162:3-14. 

16. Mackowiak PA: Fever: blessing or curse? A unifying hypothesis. Ann Intern 
Med 1994, 120(12):1037-1040. 

17. Kluger MJ, Kozak W, Conn CA, Leon LR, Soszynski D: Role of fever in 
disease. Ann N Y Acad Sci 1998, 856:224-233. 

18. Kaatsch P, Steliarova-Foucher E, Crocetti E, Magnani C, Spix C, Zambon P: 
Time trends of cancer incidence in European children (1978-1997): report 
from the Automated Childhood Cancer Information System project. Eur J 
Cancer 2006, 42(13):1961-1971. 

19. Steliarova-Foucher E, Stiller C, Kaatsch P, Berrino F, Coebergh JW, Lacour B, 
Parkin M: Geographical patterns and time trends of cancer incidence and 
survival among children and adolescents in Europe since the 1970s (the 
ACCISproject): an epidemiological study. Lancet 2004, 364(9451):2097-
2105. 

20. Gatta G, Zigon G, Capocaccia R, Coebergh JW, Desandes E, Kaatsch P, 
Pastore G, Peris-Bonet R, Stiller CA: Survival of European children and 



 

  67 

young adults with cancer diagnosed 1995-2002. Eur J Cancer 2009, 
45(6):992-1005. 

21. McGregor LM, Metzger ML, Sanders R, Santana VM: Pediatric cancers in 
the new millennium: dramatic progress, new challenges. Oncology 
(Williston Park) 2007, 21(7):809-820; discussion 820, 823-804. 

22. Voute PA: Cancer in Children: Clinical Management, Fifth edn: Oxford 
Medical Publications; 2005. 

23. Hyder D: The lymphomas. In: Harmening DM, ed. Clinical Hematology 
and Fundamentals of Hemostatis, 2 edn. Philadelphia: F.A. Davis Company; 
1992. 

24. Melbye: Non-Hodkin Lymphoma. In: Hans-Olov Adami DH, Dimitrios 
Trichopoulos, ed. Textbook of cancer Epidemiology 2edn: Oxford 
University Press; 2008. 

25. Schmaier: Hematology for the medical student: Lippincott Williams & 
Wilkins; 2003. 

26. Lowenberg B, Downing JR, Burnett A: Acute myeloid leukemia. N Engl J 
Med 1999, 341(14):1051-1062. 

27. Plasschaert SL, Kamps WA, Vellenga E, de Vries EG, de Bont ES: Prognosis 
in childhood and adult acute lymphoblastic leukaemia: a question of 
maturation? Cancer Treat Rev 2004, 30(1):37-51. 

28. Thomas ED, Lochte HL, Jr., Cannon JH, Sahler OD, Ferrebee JW: Supralethal 
whole body irradiation and isologous marrow transplantation in man. J 
Clin Invest 1959, 38:1709-1716. 

29. Gratwohl A, Baldomero H: Trends of hematopoietic stem cell 
transplantation in the third millennium. Curr Opin Hematol 2009, 
16(6):420-426. 

30. Ljungman P, Bregni M, Brune M, Cornelissen J, de Witte T, Dini G, Einsele H, 
Gaspar HB, Gratwohl A, Passweg J et al: Allogeneic and autologous 
transplantation for haematological diseases, solid tumours and immune 
disorders: current practice in Europe 2009. Bone Marrow Transplant 2010, 
45(2):219-234. 

31. Eapen M, Horowitz MM, Klein JP, Champlin RE, Loberiza FR, Jr., Ringden O, 
Wagner JE: Higher mortality after allogeneic peripheral-blood 
transplantation compared with bone marrow in children and adolescents: 
the Histocompatibility and Alternate Stem Cell Source Working 
Committee of the International Bone Marrow Transplant Registry. J Clin 
Oncol 2004, 22(24):4872-4880. 

32. Dreger P, Haferlach T, Eckstein V, Jacobs S, Suttorp M, Loffler H, Muller-
Ruchholtz W, Schmitz N: G-CSF-mobilized peripheral blood progenitor 
cells for allogeneic transplantation: safety, kinetics of mobilization, and 
composition of the graft. Br J Haematol 1994, 87(3):609-613. 

33. Schmitz N, Bacigalupo A, Hasenclever D, Nagler A, Gluckman E, Clark P, 
Bourquelot P, Greinix H, Frickhofen N, Ringden O et al: Allogeneic bone 
marrow transplantation vs filgrastim-mobilised peripheral blood 
progenitor cell transplantation in patients with early leukaemia: first 
results of a randomised multicentre trial of the European Group for Blood 
and Marrow Transplantation. Bone Marrow Transplant 1998, 21(10):995-
1003. 

34. Remberger M, Kumlien G, Aschan J, Barkholt L, Hentschke P, Ljungman P, 
Mattsson J, Svennilson J, Ringden O: Risk factors for moderate-to-severe 
chronic graft-versus-host disease after allogeneic hematopoietic stem cell 
transplantation. Biol Blood Marrow Transplant 2002, 8(12):674-682. 

35. Rocha V, Labopin M, Sanz G, Arcese W, Schwerdtfeger R, Bosi A, Jacobsen 
N, Ruutu T, de Lima M, Finke J et al: Transplants of umbilical-cord blood or 
bone marrow from unrelated donors in adults with acute leukemia. N Engl 
J Med 2004, 351(22):2276-2285. 

36. Rocha V, Gluckman E: Improving outcomes of cord blood transplantation: 
HLA matching, cell dose and other graft- and transplantation-related 
factors. Br J Haematol 2009, 147(2):262-274. 



 

68 

37. Rodrigues CA, Sanz G, Brunstein CG, Sanz J, Wagner JE, Renaud M, de Lima 
M, Cairo MS, Furst S, Rio B et al: Analysis of risk factors for outcomes after 
unrelated cord blood transplantation in adults with lymphoid 
malignancies: a study by the Eurocord-Netcord and lymphoma working 
party of the European group for blood and marrow transplantation. J Clin 
Oncol 2009, 27(2):256-263. 

38. Aversa F, Reisner Y, Martelli MF: The haploidentical option for high-risk 
haematological malignancies. Blood Cells Mol Dis 2008, 40(1):8-12. 

39. Ljungman P, Hagglund H, Bjorkstrand B, Lonnqvist B, Ringden O: 
Peroperative teicoplanin for prevention of gram-positive infections in 
neutropenic patients with indwelling central venous catheters: a 
randomized, controlled study. Support Care Cancer 1997, 5(6):485-488. 

40. Buckley RH, Schiff SE, Schiff RI, Markert L, Williams LW, Roberts JL, Myers 
LA, Ward FE: Hematopoietic stem-cell transplantation for the treatment of 
severe combined immunodeficiency. N Engl J Med 1999, 340(7):508-516. 

41. Thomas ED, Storb R, Clift RA, Fefer A, Johnson L, Neiman PE, Lerner KG, 
Glucksberg H, Buckner CD: Bone-marrow transplantation (second of two 
parts). N Engl J Med 1975, 292(17):895-902. 

42. Thomas E, Storb R, Clift RA, Fefer A, Johnson FL, Neiman PE, Lerner KG, 
Glucksberg H, Buckner CD: Bone-marrow transplantation (first of two 
parts). N Engl J Med 1975, 292(16):832-843. 

43. Tutschka PJ, Copelan EA, Kapoor N, Avalos BR, Klein JP: Allogeneic bone 
marrow transplantation for leukemia using chemotherapy as conditioning: 
6-year results of a single institution trial. Transplant Proc 1991, 23(1 Pt 
2):1709-1710. 

44. Alyea EP, Kim HT, Ho V, Cutler C, DeAngelo DJ, Stone R, Ritz J, Antin JH, 
Soiffer RJ: Impact of conditioning regimen intensity on outcome of 
allogeneic hematopoietic cell transplantation for advanced acute 
myelogenous leukemia and myelodysplastic syndrome. Biol Blood Marrow 
Transplant 2006, 12(10):1047-1055. 

45. Ringden O, Labopin M, Ehninger G, Niederwieser D, Olsson R, Basara N, 
Finke J, Schwerdtfeger R, Eder M, Bunjes D et al: Reduced intensity 
conditioning compared with myeloablative conditioning using unrelated 
donor transplants in patients with acute myeloid leukemia. J Clin Oncol 
2009, 27(27):4570-4577. 

46. Cahn JY, Klein JP, Lee SJ, Milpied N, Blaise D, Antin JH, Leblond V, Ifrah N, 
Jouet JP, Loberiza F et al: Prospective evaluation of 2 acute graft-versus-
host (GVHD) grading systems: a joint Societe Francaise de Greffe de 
Moelle et Therapie Cellulaire (SFGM-TC), Dana Farber Cancer Institute 
(DFCI), and International Bone Marrow Transplant Registry (IBMTR) 
prospective study. Blood 2005, 106(4):1495-1500. 

47. Cho BS, Lee S, Kim YJ, Chung NG, Eom KS, Kim HJ, Min CK, Cho SG, Kim 
DW, Lee JW et al: Reduced-intensity conditioning allogeneic stem cell 
transplantation is a potential therapeutic approach for adults with high-
risk acute lymphoblastic leukemia in remission: results of a prospective 
phase 2 study. Leukemia 2009, 23(10):1763-1770. 

48. Pulsipher MA, Boucher KM, Wall D, Frangoul H, Duval M, Goyal RK, Shaw 
PJ, Haight AE, Grimley M, Grupp SA et al: Reduced-intensity allogeneic 
transplantation in pediatric patients ineligible for myeloablative therapy: 
results of the Pediatric Blood and Marrow Transplant Consortium Study 
ONC0313. Blood 2009, 114(7):1429-1436. 

49. Storb R: Reduced-intensity conditioning transplantation in myeloid 
malignancies. Curr Opin Oncol 2009, 21 Suppl 1:S3-5. 

50. Koreth J, Aldridge J, Kim HT, Alyea EP, 3rd, Cutler C, Armand P, Ritz J, 
Antin JH, Soiffer RJ, Ho VT: Reduced-intensity conditioning hematopoietic 
stem cell transplantation in patients over 60 years: hematologic 
malignancy outcomes are not impaired in advanced age. Biol Blood Marrow 
Transplant 2010, 16(6):792-800. 

51. Witherspoon RP, Matthews D, Storb R, Atkinson K, Cheever M, Deeg HJ, 
Doney K, Kalbfleisch J, Noel D, Prentice R et al: Recovery of in vivo cellular 



 

  69 

immunity after human marrow grafting. Influence of time postgrafting 
and acute graft-versus-host disease. Transplantation 1984, 37(2):145-150. 

52. Witherspoon RP, Goehle S, Kretschmer M, Storb R: Regulation of 
immunoglobulin production after human marrow grafting. The role of 
helper and suppressor T cells in acute graft-versus-host disease. 
Transplantation 1986, 41(3):328-335. 

53. Lum LG: The kinetics of immune reconstitution after human marrow 
transplantation. Blood 1987, 69(2):369-380. 

54. Roberts MM, To LB, Gillis D, Mundy J, Rawling C, Ng K, Juttner CA: 
Immune reconstitution following peripheral blood stem cell 
transplantation, autologous bone marrow transplantation and allogeneic 
bone marrow transplantation. Bone Marrow Transplant 1993, 12(5):469-
475. 

55. Maris M, Boeckh M, Storer B, Dawson M, White K, Keng M, Sandmaier B, 
Maloney D, Storb R, Storek J: Immunologic recovery after hematopoietic 
cell transplantation with nonmyeloablative conditioning. Exp Hematol 2003, 
31(10):941-952. 

56. Williams KM, Gress RE: Immune reconstitution and implications for 
immunotherapy following haematopoietic stem cell transplantation. Best 
Pract Res Clin Haematol 2008, 21(3):579-596. 

57. Wingard JR, Hsu J, Hiemenz JW: Hematopoietic stem cell transplantation: 
an overview of infection risks and epidemiology. Infect Dis Clin North Am 
2010, 24(2):257-272. 

58. Chaushu G, Itzkovitz-Chaushu S, Yefenof E, Slavin S, Or R, Garfunkel AA: A 
longitudinal follow-up of salivary secretion in bone marrow transplant 
patients. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995, 79(2):164-
169. 

59. Storek J, Dawson MA, Storer B, Stevens-Ayers T, Maloney DG, Marr KA, 
Witherspoon RP, Bensinger W, Flowers ME, Martin P et al: Immune 
reconstitution after allogeneic marrow transplantation compared with 
blood stem cell transplantation. Blood 2001, 97(11):3380-3389. 

60. Storek J, Geddes M, Khan F, Huard B, Helg C, Chalandon Y, Passweg J, 
Roosnek E: Reconstitution of the immune system after hematopoietic stem 
cell transplantation in humans. Semin Immunopathol 2008, 30(4):425-437. 

61. Mackall CL, Hakim FT, Gress RE: Restoration of T-cell homeostasis after T-
cell depletion. Semin Immunol 1997, 9(6):339-346. 

62. Leen AM, Tripic T, Rooney CM: Challenges of T cell therapies for virus-
associated diseases after hematopoietic stem cell transplantation. Expert 
Opin Biol Ther 2010, 10(3):337-351. 

63. Krenger W, Hollander GA: The role of the thymus in allogeneic 
hematopoietic stem cell transplantation. Swiss Med Wkly 2010, 140:w13051. 

64. Ostlund MR, Wirgart BZ, Linde A, Grillner L: Respiratory virus infections in 
Stockholm during seven seasons: a retrospective study of laboratory 
diagnosis. Scand J Infect Dis 2004, 36(6-7):460-465. 

65. Madeley CR, Peiris JS: Methods in virus diagnosis: immunofluorescence 
revisited. J Clin Virol 2002, 25(2):121-134. 

66. Mullis K, Faloona F, Scharf S, Saiki R, Horn G, Erlich H: Specific enzymatic 
amplification of DNA in vitro: the polymerase chain reaction. Cold Spring 
Harb Symp Quant Biol 1986, 51 Pt 1:263-273. 

67. Chien A, Edgar DB, Trela JM: Deoxyribonucleic acid polymerase from the 
extreme thermophile Thermus aquaticus. J Bacteriol 1976, 127(3):1550-
1557. 

68. Iwane MK, Edwards KM, Szilagyi PG, Walker FJ, Griffin MR, Weinberg GA, 
Coulen C, Poehling KA, Shone LP, Balter S et al: Population-based 
surveillance for hospitalizations associated with respiratory syncytial virus, 
influenza virus, and parainfluenza viruses among young children. 
Pediatrics 2004, 113(6):1758-1764. 

69. Hall CB, Weinberg GA, Iwane MK, Blumkin AK, Edwards KM, Staat MA, 
Auinger P, Griffin MR, Poehling KA, Erdman D et al: The burden of 



 

70 

respiratory syncytial virus infection in young children. N Engl J Med 2009, 
360(6):588-598. 

70. Glezen WP, Taber LH, Frank AL, Kasel JA: Risk of primary infection and 
reinfection with respiratory syncytial virus. Am J Dis Child 1986, 
140(6):543-546. 

71. Panozzo CA, Fowlkes AL, Anderson LJ: Variation in timing of respiratory 
syncytial virus outbreaks: lessons from national surveillance. Pediatr Infect 
Dis J 2007, 26(11 Suppl):S41-45. 

72. Falsey AR, Hennessey PA, Formica MA, Cox C, Walsh EE: Respiratory 
syncytial virus infection in elderly and high-risk adults. N Engl J Med 2005, 
352(17):1749-1759. 

73. Mullooly JP, Bridges CB, Thompson WW, Chen J, Weintraub E, Jackson LA, 
Black S, Shay DK: Influenza- and RSV-associated hospitalizations among 
adults. Vaccine 2007, 25(5):846-855. 

74. Papenburg J, Boivin G: The distinguishing features of human 
metapneumovirus and respiratory syncytial virus. Rev Med Virol 2010, 
20(4):245-260. 

75. Whimbey E, Ghosh S: Respiratory syncytial virus infections in 
immunocompromised adults. Curr Clin Top Infect Dis 2000, 20:232-255. 

76. Sable CA, Hayden FG: Orthomyxoviral and paramyxoviral infections in 
transplant patients. Infect Dis Clin North Am 1995, 9(4):987-1003. 

77. Boeckh M, Englund J, Li Y, Miller C, Cross A, Fernandez H, Kuypers J, Kim 
H, Gnann J, Whitley R: Randomized controlled multicenter trial of 
aerosolized ribavirin for respiratory syncytial virus upper respiratory tract 
infection in hematopoietic cell transplant recipients. Clin Infect Dis 2007, 
44(2):245-249. 

78. Krinzman S, Basgoz N, Kradin R, Shepard JA, Flieder DB, Wright CD, Wain 
JC, Ginns LC: Respiratory syncytial virus-associated infections in adult 
recipients of solid organ transplants. J Heart Lung Transplant 1998, 
17(2):202-210. 

79. McCarthy AJ, Kingman HM, Kelly C, Taylor GS, Caul EO, Grier D, Moppett 
J, Foot AB, Cornish JM, Oakhill A et al: The outcome of 26 patients with 
respiratory syncytial virus infection following allogeneic stem cell 
transplantation. Bone Marrow Transplant 1999, 24(12):1315-1322. 

80. Small TN, Casson A, Malak SF, Boulad F, Kiehn TE, Stiles J, Ushay HM, 
Sepkowitz KA: Respiratory syncytial virus infection following 
hematopoietic stem cell transplantation. Bone Marrow Transplant 2002, 
29(4):321-327. 

81. Ljungman P, Ward KN, Crooks BN, Parker A, Martino R, Shaw PJ, Brinch L, 
Brune M, De La Camara R, Dekker A et al: Respiratory virus infections after 
stem cell transplantation: a prospective study from the Infectious Diseases 
Working Party of the European Group for Blood and Marrow 
Transplantation. Bone Marrow Transplant 2001, 28(5):479-484. 

82. Chemaly RF, Ghosh S, Bodey GP, Rohatgi N, Safdar A, Keating MJ, Champlin 
RE, Aguilera EA, Tarrand JJ, Raad, II: Respiratory viral infections in adults 
with hematologic malignancies and human stem cell transplantation 
recipients: a retrospective study at a major cancer center. Medicine 
(Baltimore) 2006, 85(5):278-287. 

83. King VJ, Viswanathan M, Bordley WC, Jackman AM, Sutton SF, Lohr KN, 
Carey TS: Pharmacologic treatment of bronchiolitis in infants and 
children: a systematic review. Arch Pediatr Adolesc Med 2004, 158(2):127-
137. 

84. Randolph AG, Wang EE: Ribavirin for respiratory syncytial virus lower 
respiratory tract infection. A systematic overview. Arch Pediatr Adolesc 
Med 1996, 150(9):942-947. 

85. van den Hoogen BG, de Jong JC, Groen J, Kuiken T, de Groot R, Fouchier RA, 
Osterhaus AD: A newly discovered human pneumovirus isolated from 
young children with respiratory tract disease. Nat Med 2001, 7(6):719-724. 



 

  71 

86. van den Hoogen BG, Osterhaus DM, Fouchier RA: Clinical impact and 
diagnosis of human metapneumovirus infection. Pediatr Infect Dis J 2004, 
23(1 Suppl):S25-32. 

87. Spann KM, Tran KC, Chi B, Rabin RL, Collins PL: Suppression of the 
induction of alpha, beta, and lambda interferons by the NS1 and NS2 
proteins of human respiratory syncytial virus in human epithelial cells and 
macrophages [corrected]. J Virol 2004, 78(8):4363-4369. 

88. Leung J, Esper F, Weibel C, Kahn JS: Seroepidemiology of human 
metapneumovirus (hMPV) on the basis of a novel enzyme-linked 
immunosorbent assay utilizing hMPV fusion protein expressed in 
recombinant vesicular stomatitis virus. J Clin Microbiol 2005, 43(3):1213-
1219. 

89. Boivin G, De Serres G, Cote S, Gilca R, Abed Y, Rochette L, Bergeron MG, 
Dery P: Human metapneumovirus infections in hospitalized children. 
Emerg Infect Dis 2003, 9(6):634-640. 

90. Caracciolo S, Minini C, Colombrita D, Rossi D, Miglietti N, Vettore E, Caruso 
A, Fiorentini S: Human metapneumovirus infection in young children 
hospitalized with acute respiratory tract disease: virologic and clinical 
features. Pediatr Infect Dis J 2008, 27(5):406-412. 

91. Kahn JS: Epidemiology of human metapneumovirus. Clin Microbiol Rev 
2006, 19(3):546-557. 

92. Williams JV, Harris PA, Tollefson SJ, Halburnt-Rush LL, Pingsterhaus JM, 
Edwards KM, Wright PF, Crowe JE, Jr.: Human metapneumovirus and 
lower respiratory tract disease in otherwise healthy infants and children. N 
Engl J Med 2004, 350(5):443-450. 

93. Falsey AR, Criddle MC, Walsh EE: Detection of respiratory syncytial virus 
and human metapneumovirus by reverse transcription polymerase chain 
reaction in adults with and without respiratory illness. J Clin Virol 2006, 
35(1):46-50. 

94. Williams JV, Wang CK, Yang CF, Tollefson SJ, House FS, Heck JM, Chu M, 
Brown JB, Lintao LD, Quinto JD et al: The role of human metapneumovirus 
in upper respiratory tract infections in children: a 20-year experience. J 
Infect Dis 2006, 193(3):387-395. 

95. Abed Y, Boivin G: Human metapneumovirus infection in 
immunocompromised child. Emerg Infect Dis 2008, 14(5):854-856. 

96. Boeckh M: The challenge of respiratory virus infections in hematopoietic 
cell transplant recipients. Br J Haematol 2008, 143(4):455-467. 

97. Williams JV, Martino R, Rabella N, Otegui M, Parody R, Heck JM, Crowe JE, 
Jr.: A prospective study comparing human metapneumovirus with other 
respiratory viruses in adults with hematologic malignancies and 
respiratory tract infections. J Infect Dis 2005, 192(6):1061-1065. 

98. Englund JA, Boeckh M, Kuypers J, Nichols WG, Hackman RC, Morrow RA, 
Fredricks DN, Corey L: Brief communication: fatal human 
metapneumovirus infection in stem-cell transplant recipients. Ann Intern 
Med 2006, 144(5):344-349. 

99. Debiaggi M, Canducci F, Sampaolo M, Marinozzi MC, Parea M, Terulla C, 
Colombo AA, Alessandrino EP, Bragotti LZ, Arghittu M et al: Persistent 
symptomless human metapneumovirus infection in hematopoietic stem cell 
transplant recipients. J Infect Dis 2006, 194(4):474-478. 

100. Hamelin ME, Prince GA, Boivin G: Effect of ribavirin and glucocorticoid 
treatment in a mouse model of human metapneumovirus infection. 
Antimicrob Agents Chemother 2006, 50(2):774-777. 

101. Raza K, Ismailjee SB, Crespo M, Studer SM, Sanghavi S, Paterson DL, Kwak 
EJ, Rinaldo CR, Jr., Pilewski JM, McCurry KR et al: Successful outcome of 
human metapneumovirus (hMPV) pneumonia in a lung transplant 
recipient treated with intravenous ribavirin. J Heart Lung Transplant 2007, 
26(8):862-864. 

102. Price WH: The Isolation of a New Virus Associated with Respiratory 
Clinical Disease in Humans. Proc Natl Acad Sci U S A 1956, 42(12):892-896. 



 

72 

103. Mackay IM: Human rhinoviruses: the cold wars resume. J Clin Virol 2008, 
42(4):297-320. 

104. Rotbart HA, Hayden FG: Picornavirus infections: a primer for the 
practitioner. Arch Fam Med 2000, 9(9):913-920. 

105. Kistler A, Avila PC, Rouskin S, Wang D, Ward T, Yagi S, Schnurr D, Ganem 
D, DeRisi JL, Boushey HA: Pan-viral screening of respiratory tract 
infections in adults with and without asthma reveals unexpected human 
coronavirus and human rhinovirus diversity. J Infect Dis 2007, 196(6):817-
825. 

106. Lau SK, Yip CC, Tsoi HW, Lee RA, So LY, Lau YL, Chan KH, Woo PC, 
Yuen KY: Clinical features and complete genome characterization of a 
distinct human rhinovirus (HRV) genetic cluster, probably representing a 
previously undetected HRV species, HRV-C, associated with acute 
respiratory illness in children. J Clin Microbiol 2007, 45(11):3655-3664. 

107. Makela MJ, Puhakka T, Ruuskanen O, Leinonen M, Saikku P, Kimpimaki M, 
Blomqvist S, Hyypia T, Arstila P: Viruses and bacteria in the etiology of the 
common cold. J Clin Microbiol 1998, 36(2):539-542. 

108. Arruda E, Pitkaranta A, Witek TJ, Jr., Doyle CA, Hayden FG: Frequency and 
natural history of rhinovirus infections in adults during autumn. J Clin 
Microbiol 1997, 35(11):2864-2868. 

109. Monto AS: The seasonality of rhinovirus infections and its implications for 
clinical recognition. Clin Ther 2002, 24(12):1987-1997. 

110. Monto AS, Bryan ER, Ohmit S: Rhinovirus infections in Tecumseh, 
Michigan: frequency of illness and number of serotypes. J Infect Dis 1987, 
156(1):43-49. 

111. Greenberg SB: Respiratory consequences of rhinovirus infection. Arch 
Intern Med 2003, 163(3):278-284. 

112. Linde A, Rotzen-Ostlund M, Zweygberg-Wirgart B, Rubinova S, Brytting M: 
Does viral interference affect spread of influenza? Euro Surveill 2009, 
14(40). 

113. Ison MG, Hayden FG, Kaiser L, Corey L, Boeckh M: Rhinovirus infections in 
hematopoietic stem cell transplant recipients with pneumonia. Clin Infect 
Dis 2003, 36(9):1139-1143. 

114. van Elden LJ, van Kraaij MG, Nijhuis M, Hendriksen KA, Dekker AW, 
Rozenberg-Arska M, van Loon AM: Polymerase chain reaction is more 
sensitive than viral culture and antigen testing for the detection of 
respiratory viruses in adults with hematological cancer and pneumonia. 
Clin Infect Dis 2002, 34(2):177-183. 

115. Martino R, Ramila E, Rabella N, Munoz JM, Peyret M, Portos JM, Laborda R, 
Sierra J: Respiratory virus infections in adults with hematologic 
malignancies: a prospective study. Clin Infect Dis 2003, 36(1):1-8. 

116. Gerna G, Piralla A, Rovida F, Rognoni V, Marchi A, Locatelli F, Meloni F: 
Correlation of rhinovirus load in the respiratory tract and clinical 
symptoms in hospitalized immunocompetent and immunocompromised 
patients. J Med Virol 2009, 81(8):1498-1507. 

117. van Kraaij MG, van Elden LJ, van Loon AM, Hendriksen KA, Laterveer L, 
Dekker AW, Nijhuis M: Frequent detection of respiratory viruses in adult 
recipients of stem cell transplants with the use of real-time polymerase 
chain reaction, compared with viral culture. Clin Infect Dis 2005, 40(5):662-
669. 

118. Oberste MS, Maher K, Schnurr D, Flemister MR, Lovchik JC, Peters H, 
Sessions W, Kirk C, Chatterjee N, Fuller S et al: Enterovirus 68 is associated 
with respiratory illness and shares biological features with both the 
enteroviruses and the rhinoviruses. J Gen Virol 2004, 85(Pt 9):2577-2584. 

119. Khetsuriani N, Lamonte-Fowlkes A, Oberst S, Pallansch MA: Enterovirus 
surveillance--United States, 1970-2005. MMWR Surveill Summ 2006, 55(8):1-
20. 

120. Chakrabarti S, Osman H, Collingham KE, Fegan CD, Milligan DW: 
Enterovirus infections following T-cell depleted allogeneic transplants in 
adults. Bone Marrow Transplant 2004, 33(4):425-430. 



 

  73 

121. Gonzalez Y, Martino R, Badell I, Pardo N, Sureda A, Brunet S, Sierra J, 
Rabella N: Pulmonary enterovirus infections in stem cell transplant 
recipients. Bone Marrow Transplant 1999, 23(5):511-513. 

122. Tan PL, Verneris MR, Charnas LR, Reck SJ, van Burik JA, Blazar BR: 
Outcome of CNS and pulmonary enteroviral infections after hematopoietic 
cell transplantation. Pediatr Blood Cancer 2005, 45(1):74-75. 

123. Peiris JS, Lai ST, Poon LL, Guan Y, Yam LY, Lim W, Nicholls J, Yee WK, 
Yan WW, Cheung MT et al: Coronavirus as a possible cause of severe acute 
respiratory syndrome. Lancet 2003, 361(9366):1319-1325. 

124. Kuiken T, Fouchier RA, Schutten M, Rimmelzwaan GF, van Amerongen G, 
van Riel D, Laman JD, de Jong T, van Doornum G, Lim W et al: Newly 
discovered coronavirus as the primary cause of severe acute respiratory 
syndrome. Lancet 2003, 362(9380):263-270. 

125. Bradburne AF, Bynoe ML, Tyrrell DA: Effects of a "new" human 
respiratory virus in volunteers. Br Med J 1967, 3(5568):767-769. 

126. Hendley JO, Fishburne HB, Gwaltney JM, Jr.: Coronavirus infections in 
working adults. Eight-year study with 229 E and OC 43. Am Rev Respir Dis 
1972, 105(5):805-811. 

127. van der Hoek L, Pyrc K, Berkhout B: Human coronavirus NL63, a new 
respiratory virus. FEMS Microbiol Rev 2006, 30(5):760-773. 

128. van der Hoek L, Sure K, Ihorst G, Stang A, Pyrc K, Jebbink MF, Petersen G, 
Forster J, Berkhout B, Uberla K: Croup is associated with the novel 
coronavirus NL63. PLoS Med 2005, 2(8):e240. 

129. Henrickson KJ: Parainfluenza viruses. Clin Microbiol Rev 2003, 16(2):242-
264. 

130. Hamre D, Procknow JJ: A new virus isolated from the human respiratory 
tract. Proc Soc Exp Biol Med 1966, 121(1):190-193. 

131. Tyrrell DA, Bynoe ML: Cultivation of a Novel Type of Common-Cold Virus 
in Organ Cultures. Br Med J 1965, 1(5448):1467-1470. 

132. van der Hoek L, Pyrc K, Jebbink MF, Vermeulen-Oost W, Berkhout RJ, 
Wolthers KC, Wertheim-van Dillen PM, Kaandorp J, Spaargaren J, Berkhout 
B: Identification of a new human coronavirus. Nat Med 2004, 10(4):368-
373. 

133. Woo PC, Lau SK, Chu CM, Chan KH, Tsoi HW, Huang Y, Wong BH, Poon 
RW, Cai JJ, Luk WK et al: Characterization and complete genome sequence 
of a novel coronavirus, coronavirus HKU1, from patients with pneumonia. 
J Virol 2005, 79(2):884-895. 

134. van der Hoek L: Human coronaviruses: what do they cause? Antivir Ther 
2007, 12(4 Pt B):651-658. 

135. Garbino J, Crespo S, Aubert JD, Rochat T, Ninet B, Deffernez C, Wunderli W, 
Pache JC, Soccal PM, Kaiser L: A prospective hospital-based study of the 
clinical impact of non-severe acute respiratory syndrome (Non-SARS)-
related human coronavirus infection. Clin Infect Dis 2006, 43(8):1009-1015. 

136. Pene F, Merlat A, Vabret A, Rozenberg F, Buzyn A, Dreyfus F, Cariou A, 
Freymuth F, Lebon P: Coronavirus 229E-related pneumonia in 
immunocompromised patients. Clin Infect Dis 2003, 37(7):929-932. 

137. Smith W, Andrewes CH, Laidlaw PP: A VIRUS OBTAINED FROM 
INFLUENZA PATIENTS. The Lancet 1933, 222(5732):66-68. 

138. Elliot AJ, Fleming DM: Influenza and respiratory syncytial virus in the 
elderly. Expert Rev Vaccines 2008, 7(2):249-258. 

139. Reichert TA, Simonsen L, Sharma A, Pardo SA, Fedson DS, Miller MA: 
Influenza and the winter increase in mortality in the United States, 1959-
1999. Am J Epidemiol 2004, 160(5):492-502. 

140. Machado CM, Boas LS, Mendes AV, da Rocha IF, Sturaro D, Dulley FL, 
Pannuti CS: Use of Oseltamivir to control influenza complications after 
bone marrow transplantation. Bone Marrow Transplant 2004, 34(2):111-
114. 

141. Vilchez RA, McCurry K, Dauber J, Lacono A, Griffith B, Fung J, Kusne S: 
Influenza virus infection in adult solid organ transplant recipients. Am J 
Transplant 2002, 2(3):287-291. 



 

74 

142. Vilchez R, McCurry K, Dauber J, Iacono A, Keenan R, Griffith B, Kusne S: 
Influenza and parainfluenza respiratory viral infection requiring 
admission in adult lung transplant recipients. Transplantation 2002, 
73(7):1075-1078. 

143. Nichols WG, Guthrie KA, Corey L, Boeckh M: Influenza infections after 
hematopoietic stem cell transplantation: risk factors, mortality, and the 
effect of antiviral therapy. Clin Infect Dis 2004, 39(9):1300-1306. 

144. Weinstock DM, Gubareva LV, Zuccotti G: Prolonged shedding of multidrug-
resistant influenza A virus in an immunocompromised patient. N Engl J 
Med 2003, 348(9):867-868. 

145. Peck AJ, Englund JA, Kuypers J, Guthrie KA, Corey L, Morrow R, Hackman 
RC, Cent A, Boeckh M: Respiratory virus infection among hematopoietic 
cell transplant recipients: evidence for asymptomatic parainfluenza virus 
infection. Blood 2007, 110(5):1681-1688. 

146. Elting LS, Whimbey E, Lo W, Couch R, Andreeff M, Bodey GP: 
Epidemiology of influenza A virus infection in patients with acute or 
chronic leukemia. Support Care Cancer 1995, 3(3):198-202. 

147. Yousuf HM, Englund J, Couch R, Rolston K, Luna M, Goodrich J, Lewis V, 
Mirza NQ, Andreeff M, Koller C et al: Influenza among hospitalized adults 
with leukemia. Clin Infect Dis 1997, 24(6):1095-1099. 

148. Andrewes CH, Bang FB, Chanock RM, Zhdanov VM: Para-influenza viruses 
1, 2, and 3: suggested names for recently described myxoviruses. Virology 
1959, 8(1):129-130. 

149. Chanock RM: Recovery of a new type of myxovirus from infants with 
croup. Ann N Y Acad Sci 1957, 67(8):287-295. 

150. Gardner SD: The isolation of parainfluenza 4 subtypes A and B in England 
and serological studies of their prevalence. J Hyg (Lond) 1969, 67(3):545-
550. 

151. Chanock RM, Parrott RH: Acute Respiratory Disease in Infancy and 
Childhood: Present Understanding and Prospects for Prevention. 
Pediatrics 1965, 36:21-39. 

152. Hall CB: Respiratory syncytial virus and parainfluenza virus. N Engl J Med 
2001, 344(25):1917-1928. 

153. Vilchez RA, McCurry K, Dauber J, Iacono A, Keenan R, Zeevi A, Griffith B, 
Kusne S: The epidemiology of parainfluenza virus infection in lung 
transplant recipients. Clin Infect Dis 2001, 33(12):2004-2008. 

154. Weintrub PS, Sullender WM, Lombard C, Link MP, Arvin A: Giant cell 
pneumonia caused by parainfluenza type 3 in a patient with acute 
myelomonocytic leukemia. Arch Pathol Lab Med 1987, 111(6):569-570. 

155. Arola M, Ruuskanen O, Ziegler T, Salmi TT: Respiratory virus infections 
during anticancer treatment in children. Pediatr Infect Dis J 1995, 
14(8):690-694. 

156. Lujan-Zilbermann J, Benaim E, Tong X, Srivastava DK, Patrick CC, 
DeVincenzo JP: Respiratory virus infections in pediatric hematopoietic 
stem cell transplantation. Clin Infect Dis 2001, 33(7):962-968. 

157. Wendt CH, Weisdorf DJ, Jordan MC, Balfour HH, Jr., Hertz MI: 
Parainfluenza virus respiratory infection after bone marrow 
transplantation. N Engl J Med 1992, 326(14):921-926. 

158. Nichols WG, Corey L, Gooley T, Davis C, Boeckh M: Parainfluenza virus 
infections after hematopoietic stem cell transplantation: risk factors, 
response to antiviral therapy, and effect on transplant outcome. Blood 
2001, 98(3):573-578. 

159. Tager FM, Zolezzi RP, Folatre BI, Navarrete CM, Rojas PJ: [Respiratory 
virus infections in children with acute lymphoblastic leukemia and febrile 
neutropenia: a prospective study]. Rev Chilena Infectol 2006, 23(2):118-123. 

160. Marcolini JA, Malik S, Suki D, Whimbey E, Bodey GP: Respiratory disease 
due to parainfluenza virus in adult leukemia patients. Eur J Clin Microbiol 
Infect Dis 2003, 22(2):79-84. 



 

  75 

161. Hohenthal U, Nikoskelainen J, Vainionpaa R, Peltonen R, Routamaa M, Itala 
M, Kotilainen P: Parainfluenza virus type 3 infections in a hematology unit. 
Bone Marrow Transplant 2001, 27(3):295-300. 

162. Hilleman MR, Werner JH: Recovery of new agent from patients with acute 
respiratory illness. Proc Soc Exp Biol Med 1954, 85(1):183-188. 

163. Huebner RJ, Rowe WP, Ward TG, Parrott RH, Bell JA: Adenoidal-
pharyngeal-conjunctival agents: a newly recognized group of common 
viruses of the respiratory system. N Engl J Med 1954, 251(27):1077-1086. 

164. Rowe WP, Huebner RJ, Gilmore LK, Parrott RH, Ward TG: Isolation of a 
cytopathogenic agent from human adenoids undergoing spontaneous 
degeneration in tissue culture. Proc Soc Exp Biol Med 1953, 84(3):570-573. 

165. Ishiko H, Shimada Y, Konno T, Hayashi A, Ohguchi T, Tagawa Y, Aoki K, 
Ohno S, Yamazaki S: Novel human adenovirus causing nosocomial 
epidemic keratoconjunctivitis. J Clin Microbiol 2008, 46(6):2002-2008. 

166. Echavarria M: Adenoviruses in immunocompromised hosts. Clin Microbiol 
Rev 2008, 21(4):704-715. 

167. Walsh MP, Seto J, Jones MS, Chodosh J, Xu W, Seto D: Computational 
analysis identifies human adenovirus type 55 as a re-emergent acute 
respiratory disease pathogen. J Clin Microbiol 2010, 48(3):991-993. 

168. Kaneko H, Suzutani T, Aoki K, Kitaichi N, Ishida S, Ishiko H, Ohashi T, 
Okamoto S, Nakagawa H, Hinokuma R et al: Epidemiological and virological 
features of epidemic keratoconjunctivitis due to new human adenovirus 
type 54 in Japan. Br J Ophthalmol 2011, 95(1):32-36. 

169. Martone WJ, Hierholzer JC, Keenlyside RA, Fraser DW, D'Angelo LJ, Winkler 
WG: An outbreak of adenovirus type 3 disease at a private recreation 
center swimming pool. Am J Epidemiol 1980, 111(2):229-237. 

170. Ruuskanen O, Meurman O, Sarkkinen H: Adenoviral diseases in children: a 
study of 105 hospital cases. Pediatrics 1985, 76(1):79-83. 

171. Uhnoo I, Svensson L, Wadell G: Enteric adenoviruses. Baillieres Clin 
Gastroenterol 1990, 4(3):627-642. 

172. Ambinder RF, Burns W, Forman M, Charache P, Arthur R, Beschorner W, 
Santos G, Saral R: Hemorrhagic cystitis associated with adenovirus 
infection in bone marrow transplantation. Arch Intern Med 1986, 
146(7):1400-1401. 

173. Blanke C, Clark C, Broun ER, Tricot G, Cunningham I, Cornetta K, 
Hedderman A, Hromas R: Evolving pathogens in allogeneic bone marrow 
transplantation: increased fatal adenoviral infections. Am J Med 1995, 
99(3):326-328. 

174. Davis D, Henslee PJ, Markesbery WR: Fatal adenovirus meningoencephalitis 
in a bone marrow transplant patient. Ann Neurol 1988, 23(4):385-389. 

175. Ison MG: Adenovirus infections in transplant recipients. Clin Infect Dis 
2006, 43(3):331-339. 

176. Kojaoghlanian T, Flomenberg P, Horwitz MS: The impact of adenovirus 
infection on the immunocompromised host. Rev Med Virol 2003, 13(3):155-
171. 

177. Ljungman P, Gleaves CA, Meyers JD: Respiratory virus infection in 
immunocompromised patients. Bone Marrow Transplant 1989, 4(1):35-40. 

178. Shields AF, Hackman RC, Fife KH, Corey L, Meyers JD: Adenovirus 
infections in patients undergoing bone-marrow transplantation. N Engl J 
Med 1985, 312(9):529-533. 

179. Walls T, Shankar AG, Shingadia D: Adenovirus: an increasingly important 
pathogen in paediatric bone marrow transplant patients. Lancet Infect Dis 
2003, 3(2):79-86. 

180. Carballal G, Videla CM, Espinosa MA, Savy V, Uez O, Sequeira MD, Knez V, 
Requeijo PV, Posse CR, Miceli I: Multicentered study of viral acute lower 
respiratory infections in children from four cities of Argentina, 1993-1994. 
J Med Virol 2001, 64(2):167-174. 

181. de Mezerville MH, Tellier R, Richardson S, Hebert D, Doyle J, Allen U: 
Adenoviral infections in pediatric transplant recipients: a hospital-based 
study. Pediatr Infect Dis J 2006, 25(9):815-818. 



 

76 

182. Ebner K, Suda M, Watzinger F, Lion T: Molecular detection and quantitative 
analysis of the entire spectrum of human adenoviruses by a two-reaction 
real-time PCR assay. J Clin Microbiol 2005, 43(7):3049-3053. 

183. de Jong PJ, Valderrama G, Spigland I, Horwitz MS: Adenovirus isolates from 
urine of patients with acquired immunodeficiency syndrome. Lancet 1983, 
1(8337):1293-1296. 

184. Dagan R, Schwartz RH, Insel RA, Menegus MA: Severe diffuse adenovirus 
7a pneumonia in a child with combined immunodeficiency: possible 
therapeutic effect of human immune serum globulin containing specific 
neutralizing antibody. Pediatr Infect Dis 1984, 3(3):246-251. 

185. Dudding BA, Wagner SC, Zeller JA, Gmelich JT, French GR, Top FH, Jr.: 
Fatal pneumonia associated with adenovirus type 7 in three military 
trainees. N Engl J Med 1972, 286(24):1289-1292. 

186. Amrolia PJ, Muccioli-Casadei G, Yvon E, Huls H, Sili U, Wieder ED, Bollard 
C, Michalek J, Ghetie V, Heslop HE et al: Selective depletion of donor 
alloreactive T cells without loss of antiviral or antileukemic responses. 
Blood 2003, 102(6):2292-2299. 

187. Arav-Boger R, Echavarria M, Forman M, Charache P, Persaud D: Clearance of 
adenoviral hepatitis with ribavirin therapy in a pediatric liver transplant 
recipient. Pediatr Infect Dis J 2000, 19(11):1097-1100. 

188. Hoffman JA, Shah AJ, Ross LA, Kapoor N: Adenoviral infections and a 
prospective trial of cidofovir in pediatric hematopoietic stem cell 
transplantation. Biol Blood Marrow Transplant 2001, 7(7):388-394. 

189. Bhadri VA, Lee-Horn L, Shaw PJ: Safety and tolerability of cidofovir in 
high-risk pediatric patients. Transpl Infect Dis 2009, 11(4):373-379. 

190. Feuchtinger T, Matthes-Martin S, Richard C, Lion T, Fuhrer M, Hamprecht K, 
Handgretinger R, Peters C, Schuster FR, Beck R et al: Safe adoptive transfer 
of virus-specific T-cell immunity for the treatment of systemic adenovirus 
infection after allogeneic stem cell transplantation. Br J Haematol 2006, 
134(1):64-76. 

191. Claas EC, Schilham MW, de Brouwer CS, Hubacek P, Echavarria M, Lankester 
AC, van Tol MJ, Kroes AC: Internally controlled real-time PCR monitoring 
of adenovirus DNA load in serum or plasma of transplant recipients. J Clin 
Microbiol 2005, 43(4):1738-1744. 

192. Heim A, Ebnet C, Harste G, Pring-Akerblom P: Rapid and quantitative 
detection of human adenovirus DNA by real-time PCR. J Med Virol 2003, 
70(2):228-239. 

193. Leung AY, Chan M, Cheng VC, Yuen KY, Kwong YL: Quantification of 
adenovirus in the lower respiratory tract of patients without clinical 
adenovirus-related respiratory disease. Clin Infect Dis 2005, 40(10):1541-
1544. 

194. Shike H, Shimizu C, Kanegaye J, Foley JL, Burns JC: Quantitation of 
adenovirus genome during acute infection in normal children. Pediatr 
Infect Dis J 2005, 24(1):29-33. 

195. Gardner SD, Field AM, Coleman DV, Hulme B: New human papovavirus 
(B.K.) isolated from urine after renal transplantation. Lancet 1971, 
1(7712):1253-1257. 

196. Padgett BL, Walker DL, ZuRhein GM, Eckroade RJ, Dessel BH: Cultivation 
of papova-like virus from human brain with progressive multifocal 
leucoencephalopathy. Lancet 1971, 1(7712):1257-1260. 

197. Rosen S, Harmon W, Krensky AM, Edelson PJ, Padgett BL, Grinnell BW, 
Rubino MJ, Walker DL: Tubulo-interstitial nephritis associated with 
polyomavirus (BK type) infection. N Engl J Med 1983, 308(20):1192-1196. 

198. Purighalla R, Shapiro R, McCauley J, Randhawa P: BK virus infection in a 
kidney allograft diagnosed by needle biopsy. Am J Kidney Dis 1995, 
26(4):671-673. 

199. Leung AY, Suen CK, Lie AK, Liang RH, Yuen KY, Kwong YL: 
Quantification of polyoma BK viruria in hemorrhagic cystitis complicating 
bone marrow transplantation. Blood 2001, 98(6):1971-1978. 



 

  77 

200. Silva Lde P, Patah PA, Saliba RM, Szewczyk NA, Gilman L, Neumann J, Han 
XY, Tarrand J, Ribeiro R, Gulbis A et al: Hemorrhagic cystitis after 
allogeneic hematopoietic stem cell transplants is the complex result of BK 
virus infection, preparative regimen intensity and donor type. 
Haematologica 2010, 95(7):1183-1190. 

201. Azzi A, Cesaro S, Laszlo D, Zakrzewska K, Ciappi S, De Santis R, Fanci R, 
Pesavento G, Calore E, Bosi A: Human polyomavirus BK (BKV) load and 
haemorrhagic cystitis in bone marrow transplantation patients. J Clin Virol 
1999, 14(2):79-86. 

202. Bedi A, Miller CB, Hanson JL, Goodman S, Ambinder RF, Charache P, Arthur 
RR, Jones RJ: Association of BK virus with failure of prophylaxis against 
hemorrhagic cystitis following bone marrow transplantation. J Clin Oncol 
1995, 13(5):1103-1109. 

203. Leung AY, Mak R, Lie AK, Yuen KY, Cheng VC, Liang R, Kwong YL: 
Clinicopathological features and risk factors of clinically overt 
haemorrhagic cystitis complicating bone marrow transplantation. Bone 
Marrow Transplant 2002, 29(6):509-513. 

204. Aoki K, Kotani S, Ichinohe T, Kondo T, Ishikawa T: Acute renal failure 
associated with systemic polyoma BK virus activation in a patient with 
peripheral T-cell lymphoma. Int J Hematol 2010, 92(4):638-641. 

205. Epstein MA, Achong BG, Barr YM: Virus Particles in Cultured 
Lymphoblasts from Burkitt's Lymphoma. Lancet 1964, 1(7335):702-703. 

206. Sato H, Takimoto T, Tanaka S, Tanaka J, Raab-Traub N: Concatameric 
replication of Epstein-Barr virus: structure of the termini in virus-
producer and newly transformed cell lines. J Virol 1990, 64(11):5295-5300. 

207. Martin DR, Marlowe RL, Ahearn JM: Determination of the role for CD21 
during Epstein-Barr virus infection of B-lymphoblastoid cells. J Virol 1994, 
68(8):4716-4726. 

208. Cohen JI: Epstein-Barr virus infection. N Engl J Med 2000, 343(7):481-492. 
209. Gratama JW, Oosterveer MA, Lepoutre J, Fibbe WE, Ringden O, Vossen JM, 

Willemze R, Bolhuis RL, van Rood JJ, Ernberg I: Epstein-Barr virus 
infection in allogeneic marrow grafting: lessons for transplant physicians 
and virologists. Ann Hematol 1992, 64 Suppl:A162-165. 

210. Wang FZ, Dahl H, Linde A, Brytting M, Ehrnst A, Ljungman P: 
Lymphotropic herpesviruses in allogeneic bone marrow transplantation. 
Blood 1996, 88(9):3615-3620. 

211. Brunstein CG, Weisdorf DJ, DeFor T, Barker JN, Tolar J, van Burik JA, 
Wagner JE: Marked increased risk of Epstein-Barr virus-related 
complications with the addition of antithymocyte globulin to a 
nonmyeloablative conditioning prior to unrelated umbilical cord blood 
transplantation. Blood 2006, 108(8):2874-2880. 

212. Ocheni S, Kroeger N, Zabelina T, Sobottka I, Ayuk F, Wolschke C, Muth A, 
Lellek H, Petersen L, Erttmann R et al: EBV reactivation and post transplant 
lymphoproliferative disorders following allogeneic SCT. Bone Marrow 
Transplant 2008, 42(3):181-186. 

213. van Esser JW, van der Holt B, Meijer E, Niesters HG, Trenschel R, Thijsen SF, 
van Loon AM, Frassoni F, Bacigalupo A, Schaefer UW et al: Epstein-Barr 
virus (EBV) reactivation is a frequent event after allogeneic stem cell 
transplantation (SCT) and quantitatively predicts EBV-
lymphoproliferative disease following T-cell--depleted SCT. Blood 2001, 
98(4):972-978. 

214. Syggelou A, Iacovidou N, Kloudas S, Christoni Z, Papaevangelou V: 
Congenital cytomegalovirus infection. Ann N Y Acad Sci 2010, 1205:144-147. 

215. Kurath S, Halwachs-Baumann G, Muller W, Resch B: Transmission of 
cytomegalovirus via breast milk to the prematurely born infant: a 
systematic review. Clin Microbiol Infect 2010, 16(8):1172-1178. 

216. Boeckh M, Nichols WG, Papanicolaou G, Rubin R, Wingard JR, Zaia J: 
Cytomegalovirus in hematopoietic stem cell transplant recipients: Current 
status, known challenges, and future strategies. Biol Blood Marrow 
Transplant 2003, 9(9):543-558. 



 

78 

217. Boeckh M, Leisenring W, Riddell SR, Bowden RA, Huang ML, Myerson D, 
Stevens-Ayers T, Flowers ME, Cunningham T, Corey L: Late 
cytomegalovirus disease and mortality in recipients of allogeneic 
hematopoietic stem cell transplants: importance of viral load and T-cell 
immunity. Blood 2003, 101(2):407-414. 

218. Broers AE, van Der Holt R, van Esser JW, Gratama JW, Henzen-Logmans S, 
Kuenen-Boumeester V, Lowenberg B, Cornelissen JJ: Increased transplant-
related morbidity and mortality in CMV-seropositive patients despite 
highly effective prevention of CMV disease after allogeneic T-cell-depleted 
stem cell transplantation. Blood 2000, 95(7):2240-2245. 

219. Craddock C, Szydlo RM, Dazzi F, Olavarria E, Cwynarski K, Yong A, Brookes 
P, de la Fuente J, Kanfer E, Apperley JF et al: Cytomegalovirus seropositivity 
adversely influences outcome after T-depleted unrelated donor transplant 
in patients with chronic myeloid leukaemia: the case for tailored graft-
versus-host disease prophylaxis. Br J Haematol 2001, 112(1):228-236. 

220. Ljungman P, Perez-Bercoff L, Jonsson J, Avetisyan G, Sparrelid E, Aschan J, 
Barkholt L, Larsson K, Winiarski J, Yun Z et al: Risk factors for the 
development of cytomegalovirus disease after allogeneic stem cell 
transplantation. Haematologica 2006, 91(1):78-83. 

221. Miller W, Flynn P, McCullough J, Balfour HH, Jr., Goldman A, Haake R, 
McGlave P, Ramsay N, Kersey J: Cytomegalovirus infection after bone 
marrow transplantation: an association with acute graft-v-host disease. 
Blood 1986, 67(4):1162-1167. 

222. Ljungman P, Brand R, Einsele H, Frassoni F, Niederwieser D, Cordonnier C: 
Donor CMV serologic status and outcome of CMV-seropositive recipients 
after unrelated donor stem cell transplantation: an EBMT megafile 
analysis. Blood 2003, 102(13):4255-4260. 

223. Fishman JA, Rubin RH: Infection in organ-transplant recipients. N Engl J 
Med 1998, 338(24):1741-1751. 

224. Husni RN, Gordon SM, Longworth DL, Arroliga A, Stillwell PC, Avery RK, 
Maurer JR, Mehta A, Kirby T: Cytomegalovirus infection is a risk factor for 
invasive aspergillosis in lung transplant recipients. Clin Infect Dis 1998, 
26(3):753-755. 

225. Estenne M, Hertz MI: Bronchiolitis obliterans after human lung 
transplantation. Am J Respir Crit Care Med 2002, 166(4):440-444. 

226. Cossart YE, Field AM, Cant B, Widdows D: Parvovirus-like particles in 
human sera. Lancet 1975, 1(7898):72-73. 

227. Cohen BJ, Buckley MM: The prevalence of antibody to human parvovirus 
B19 in England and Wales. J Med Microbiol 1988, 25(2):151-153. 

228. Anand A, Gray ES, Brown T, Clewley JP, Cohen BJ: Human parvovirus 
infection in pregnancy and hydrops fetalis. N Engl J Med 1987, 316(4):183-
186. 

229. Jordan J, Tiangco B, Kiss J, Koch W: Human parvovirus B19: prevalence of 
viral DNA in volunteer blood donors and clinical outcomes of transfusion 
recipients. Vox Sang 1998, 75(2):97-102. 

230. Tolfvenstam T, Papadogiannakis N, Norbeck O, Petersson K, Broliden K: 
Frequency of human parvovirus B19 infection in intrauterine fetal death. 
Lancet 2001, 357(9267):1494-1497. 

231. Anderson MJ, Higgins PG, Davis LR, Willman JS, Jones SE, Kidd IM, Pattison 
JR, Tyrrell DA: Experimental parvoviral infection in humans. J Infect Dis 
1985, 152(2):257-265. 

232. Potter CG, Potter AC, Hatton CS, Chapel HM, Anderson MJ, Pattison JR, 
Tyrrell DA, Higgins PG, Willman JS, Parry HF et al: Variation of erythroid 
and myeloid precursors in the marrow and peripheral blood of volunteer 
subjects infected with human parvovirus (B19). J Clin Invest 1987, 
79(5):1486-1492. 

233. Tsujimura M, Matsushita K, Shiraki H, Sato H, Okochi K, Maeda Y: Human 
parvovirus B19 infection in blood donors. Vox Sang 1995, 69(3):206-212. 

234. Thomas I, Di Giambattista M, Gerard C, Mathys E, Hougardy V, Latour B, 
Branckaert T, Laub R: Prevalence of human erythrovirus B19 DNA in 



 

  79 

healthy Belgian blood donors and correlation with specific antibodies 
against structural and non-structural viral proteins. Vox Sang 2003, 
84(4):300-307. 

235. Yoto Y, Kudoh T, Haseyama K, Suzuki N, Oda T, Katoh T, Takahashi T, 
Sekiguchi S, Chiba S: Incidence of human parvovirus B19 DNA detection in 
blood donors. Br J Haematol 1995, 91(4):1017-1018. 

236. Wakamatsu C, Takakura F, Kojima E, Kiriyama Y, Goto N, Matsumoto K, 
Oyama M, Sato H, Okochi K, Maeda Y: Screening of blood donors for 
human parvovirus B19 and characterization of the results. Vox Sang 1999, 
76(1):14-21. 

237. Berry PJ, Gray ES, Porter HJ, Burton PA: Parvovirus infection of the human 
fetus and newborn. Semin Diagn Pathol 1992, 9(1):4-12. 

238. Cartter ML, Farley TA, Rosengren S, Quinn DL, Gillespie SM, Gary GW, 
Hadler JL: Occupational risk factors for infection with parvovirus B19 
among pregnant women. J Infect Dis 1991, 163(2):282-285. 

239. Woolf AD, Campion GV, Chishick A, Wise S, Cohen BJ, Klouda PT, Caul O, 
Dieppe PA: Clinical manifestations of human parvovirus B19 in adults. 
Arch Intern Med 1989, 149(5):1153-1156. 

240. Lindblom A, Heyman M, Gustafsson I, Norbeck O, Kaldensjo T, Vernby A, 
Henter JI, Tolfvenstam T, Broliden K: Parvovirus B19 infection in children 
with acute lymphoblastic leukemia is associated with cytopenia resulting in 
prolonged interruptions of chemotherapy. Clin Infect Dis 2008, 46(4):528-
536. 

241. Broliden K, Tolfvenstam T, Ohlsson S, Henter JI: Persistent B19 parvovirus 
infection in pediatric malignancies. Med Pediatr Oncol 1998, 31(2):66-72. 

242. Heegaard ED, Petersen BL, Heilmann CJ, Hornsleth A: Prevalence of 
parvovirus B19 and parvovirus V9 DNA and antibodies in paired bone 
marrow and serum samples from healthy individuals. J Clin Microbiol 
2002, 40(3):933-936. 

243. Lundqvist A, Tolfvenstam T, Brytting M, Stolt CM, Hedman K, Broliden K: 
Prevalence of parvovirus B19 DNA in bone marrow of patients with 
haematological disorders. Scand J Infect Dis 1999, 31(2):119-122. 

244. Takahashi T, Ozawa K, Takahashi K, Asano S, Takaku F: Susceptibility of 
human erythropoietic cells to B19 parvovirus in vitro increases with 
differentiation. Blood 1990, 75(3):603-610. 

245. Srivastava A, Bruno E, Briddell R, Cooper R, Srivastava C, van Besien K, 
Hoffman R: Parvovirus B19-induced perturbation of human 
megakaryocytopoiesis in vitro. Blood 1990, 76(10):1997-2004. 

246. Kurtzman GJ, Cohen B, Meyers P, Amunullah A, Young NS: Persistent B19 
parvovirus infection as a cause of severe chronic anaemia in children with 
acute lymphocytic leukaemia. Lancet 1988, 2(8621):1159-1162. 

247. Meckler G, Lindemulder S: Fever and neutropenia in pediatric patients with 
cancer. Emerg Med Clin North Am 2009, 27(3):525-544. 

248. Bodey GP, Buckley M, Sathe YS, Freireich EJ: Quantitative relationships 
between circulating leukocytes and infection in patients with acute 
leukemia. Ann Intern Med 1966, 64(2):328-340. 

249. Slavin MA, Osborne B, Adams R, Levenstein MJ, Schoch HG, Feldman AR, 
Meyers JD, Bowden RA: Efficacy and safety of fluconazole prophylaxis for 
fungal infections after marrow transplantation--a prospective, randomized, 
double-blind study. J Infect Dis 1995, 171(6):1545-1552. 

250. Hwang YY, Liang R: Antifungal prophylaxis and treatment in patients with 
hematological malignancies. Expert Rev Anti Infect Ther 2010, 8(4):397-404. 

251. Wade JC, Day LM, Crowley JJ, Meyers JD: Recurrent infection with herpes 
simplex virus after marrow transplantation: role of the specific immune 
response and acyclovir treatment. J Infect Dis 1984, 149(5):750-756. 

252. Junghanss C, Marr KA, Carter RA, Sandmaier BM, Maris MB, Maloney DG, 
Chauncey T, McSweeney PA, Storb R: Incidence and outcome of bacterial 
and fungal infections following nonmyeloablative compared with 
myeloablative allogeneic hematopoietic stem cell transplantation: a 
matched control study. Biol Blood Marrow Transplant 2002, 8(9):512-520. 



 

80 

253. Toro JJ, Morales M, Loberiza F, Ochoa-Bayona JL, Freytes CO: Patterns of 
use of vascular access devices in patients undergoing hematopoietic stem 
cell transplantation: results of an international survey. Support Care Cancer 
2007, 15(12):1375-1383. 

254. Castagnola E, Faraci M: Management of bacteremia in patients undergoing 
hematopoietic stem cell transplantation. Expert Rev Anti Infect Ther 2009, 
7(5):607-621. 

255. Meyers JD, Flournoy N, Thomas ED: Nonbacterial pneumonia after 
allogeneic marrow transplantation: a review of ten years' experience. Rev 
Infect Dis 1982, 4(6):1119-1132. 

256. Gratama JW, Lennette ET, Lonnqvist B, Oosterveer MA, Klein G, Ringden O, 
Ernberg I: Detection of multiple Epstein-Barr viral strains in allogeneic 
bone marrow transplant recipients. J Med Virol 1992, 37(1):39-47. 

257. Ljungman P: Prevention and treatment of viral infections in stem cell 
transplant recipients. Br J Haematol 2002, 118(1):44-57. 

258. Razonable RR, Eid AJ: Viral infections in transplant recipients. Minerva 
Med 2009, 100(6):479-501. 

259. Wald A, Leisenring W, van Burik JA, Bowden RA: Epidemiology of 
Aspergillus infections in a large cohort of patients undergoing bone 
marrow transplantation. J Infect Dis 1997, 175(6):1459-1466. 

260. Williamson EC, Millar MR, Steward CG, Cornish JM, Foot AB, Oakhill A, 
Pamphilon DH, Reeves B, Caul EO, Warnock DW et al: Infections in adults 
undergoing unrelated donor bone marrow transplantation. Br J Haematol 
1999, 104(3):560-568. 

261. Hows JM, Passweg JR, Tichelli A, Locasciulli A, Szydlo R, Bacigalupo A, 
Jacobson N, Ljungman P, Cornish J, Nunn A et al: Comparison of long-term 
outcomes after allogeneic hematopoietic stem cell transplantation from 
matched sibling and unrelated donors. Bone Marrow Transplant 2006, 
38(12):799-805. 

262. Boeckh M, Kim HW, Flowers ME, Meyers JD, Bowden RA: Long-term 
acyclovir for prevention of varicella zoster virus disease after allogeneic 
hematopoietic cell transplantation--a randomized double-blind placebo-
controlled study. Blood 2006, 107(5):1800-1805. 

263. Bjorklund A, Aschan J, Labopin M, Remberger M, Ringden O, Winiarski J, 
Ljungman P: Risk factors for fatal infectious complications developing late 
after allogeneic stem cell transplantation. Bone Marrow Transplant 2007, 
40(11):1055-1062. 

264. Avetisyan G, Mattsson J, Sparrelid E, Ljungman P: Respiratory syncytial 
virus infection in recipients of allogeneic stem-cell transplantation: a 
retrospective study of the incidence, clinical features, and outcome. 
Transplantation 2009, 88(10):1222-1226. 

265. Olkinuora HA, Taskinen MH, Saarinen-Pihkala UM, Vettenranta KK: Multiple 
viral infections post-hematopoietic stem cell transplantation are linked to 
the appearance of chronic GVHD among pediatric recipients of allogeneic 
grafts. Pediatr Transplant 2010, 14(2):242-248. 

266. Goodrich JM, Mori M, Gleaves CA, Du Mond C, Cays M, Ebeling DF, Buhles 
WC, DeArmond B, Meyers JD: Early treatment with ganciclovir to prevent 
cytomegalovirus disease after allogeneic bone marrow transplantation. N 
Engl J Med 1991, 325(23):1601-1607. 

267. Einsele H, Ehninger G, Hebart H, Wittkowski KM, Schuler U, Jahn G, Mackes 
P, Herter M, Klingebiel T, Loffler J et al: Polymerase chain reaction 
monitoring reduces the incidence of cytomegalovirus disease and the 
duration and side effects of antiviral therapy after bone marrow 
transplantation. Blood 1995, 86(7):2815-2820. 

268. Ljungman P: Cytomegalovirus pneumonia: presentation, diagnosis, and 
treatment. Semin Respir Infect 1995, 10(4):209-215. 

269. Boeckh M, Gooley TA, Myerson D, Cunningham T, Schoch G, Bowden RA: 
Cytomegalovirus pp65 antigenemia-guided early treatment with 
ganciclovir versus ganciclovir at engraftment after allogeneic marrow 



 

  81 

transplantation: a randomized double-blind study. Blood 1996, 
88(10):4063-4071. 

270. Ljungman P, Lore K, Aschan J, Klaesson S, Lewensohn-Fuchs I, Lonnqvist B, 
Ringden O, Winiarski J, Ehrnst A: Use of a semi-quantitative PCR for 
cytomegalovirus DNA as a basis for pre-emptive antiviral therapy in 
allogeneic bone marrow transplant patients. Bone Marrow Transplant 1996, 
17(4):583-587. 

271. Boeckh M, Bowden RA, Gooley T, Myerson D, Corey L: Successful 
modification of a pp65 antigenemia-based early treatment strategy for 
prevention of cytomegalovirus disease in allogeneic marrow transplant 
recipients. Blood 1999, 93(5):1781-1782. 

272. de la Cruz-Vicente F, Cerezuela Martinez P, Gil-Esparraga E, Martin Aguilera 
C, Aguilar Guisado M, Parody Ruiz-Berdejo R, Cisneros Herreros JM, Urbano-
Ispizua A, Espigado Tocino I: Preemptive therapy for cytomegalovirus 
disease in allogeneic stem cell transplant recipients. Transplant Proc 2008, 
40(9):3102-3103. 

273. Hale GA, Heslop HE, Krance RA, Brenner MA, Jayawardene D, Srivastava 
DK, Patrick CC: Adenovirus infection after pediatric bone marrow 
transplantation. Bone Marrow Transplant 1999, 23(3):277-282. 

274. Howard DS, Phillips IG, Reece DE, Munn RK, Henslee-Downey J, Pittard M, 
Barker M, Pomeroy C: Adenovirus infections in hematopoietic stem cell 
transplant recipients. Clin Infect Dis 1999, 29(6):1494-1501. 

275. Munoz FM, Piedra PA, Demmler GJ: Disseminated adenovirus disease in 
immunocompromised and immunocompetent children. Clin Infect Dis 
1998, 27(5):1194-1200. 

276. Echavarria M, Forman M, van Tol MJ, Vossen JM, Charache P, Kroes AC: 
Prediction of severe disseminated adenovirus infection by serum PCR. 
Lancet 2001, 358(9279):384-385. 

277. Gustafson I, Lindblom A, Yun Z, Omar H, Engstrom L, Lewensohn-Fuchs I, 
Ljungman P, Broliden K: Quantification of adenovirus DNA in unrelated 
donor hematopoietic stem cell transplant recipients. J Clin Virol 2008, 
43(1):79-85. 

278. Schilham MW, Claas EC, van Zaane W, Heemskerk B, Vossen JM, Lankester 
AC, Toes RE, Echavarria M, Kroes AC, van Tol MJ: High levels of 
adenovirus DNA in serum correlate with fatal outcome of adenovirus 
infection in children after allogeneic stem-cell transplantation. Clin Infect 
Dis 2002, 35(5):526-532. 

279. Chakrabarti S, Mautner V, Osman H, Collingham KE, Fegan CD, Klapper PE, 
Moss PA, Milligan DW: Adenovirus infections following allogeneic stem cell 
transplantation: incidence and outcome in relation to graft manipulation, 
immunosuppression, and immune recovery. Blood 2002, 100(5):1619-1627. 

280. van Tol MJ, Claas EC, Heemskerk B, Veltrop-Duits LA, de Brouwer CS, van 
Vreeswijk T, Sombroek CC, Kroes AC, Beersma MF, de Klerk EP et al: 
Adenovirus infection in children after allogeneic stem cell transplantation: 
diagnosis, treatment and immunity. Bone Marrow Transplant 2005, 35 
Suppl 1:S73-76. 

281. Hughes WT, Armstrong D, Bodey GP, Bow EJ, Brown AE, Calandra T, Feld 
R, Pizzo PA, Rolston KV, Shenep JL et al: 2002 guidelines for the use of 
antimicrobial agents in neutropenic patients with cancer. Clin Infect Dis 
2002, 34(6):730-751. 

282. Sickles EA, Greene WH, Wiernik PH: Clinical presentation of infection in 
granulocytopenic patients. Arch Intern Med 1975, 135(5):715-719. 

283. Bodey GP: Unusual presentations of infection in neutropenic patients. Int J 
Antimicrob Agents 2000, 16(2):93-95. 

284. Pizzo PA: Fever in immunocompromised patients. N Engl J Med 1999, 
341(12):893-900. 

285. Crokaert F: Febrile neutropenia in children. Int J Antimicrob Agents 2000, 
16(2):173-176. 

286. Viscoli C, Castagnola E: Treatment of febrile neutropenia: what is new? 
Curr Opin Infect Dis 2002, 15(4):377-382. 



 

82 

287. Orudjev E, Lange BJ: Evolving concepts of management of febrile 
neutropenia in children with cancer. Med Pediatr Oncol 2002, 39(2):77-85. 

288. Petrilli AS, Melaragno R, Barros KV, Silva AA, Kusano E, Ribeiro RC, 
Bianchi A: Fever and neutropenia in children with cancer: a therapeutic 
approach related to the underlying disease. Pediatr Infect Dis J 1993, 
12(11):916-921. 

289. Ariffin H, Ai CL, Lee CL, Abdullah WA: Cefepime monotherapy for 
treatment of febrile neutropenia in children. J Paediatr Child Health 2006, 
42(12):781-784. 

290. Hodgson-Viden H, Grundy PE, Robinson JL: Early discontinuation of 
intravenous antimicrobial therapy in pediatric oncology patients with 
febrile neutropenia. BMC Pediatr 2005, 5(1):10. 

291. Castagnola E, Fontana V, Caviglia I, Caruso S, Faraci M, Fioredda F, Garre 
ML, Moroni C, Conte M, Losurdo G et al: A prospective study on the 
epidemiology of febrile episodes during chemotherapy-induced 
neutropenia in children with cancer or after hemopoietic stem cell 
transplantation. Clin Infect Dis 2007, 45(10):1296-1304. 

292. Mancini N, Clerici D, Diotti R, Perotti M, Ghidoli N, De Marco D, Pizzorno B, 
Emrich T, Burioni R, Ciceri F et al: Molecular diagnosis of sepsis in 
neutropenic patients with haematological malignancies. J Med Microbiol 
2008, 57(Pt 5):601-604. 

293. Whimbey E, Kiehn TE, Brannon P, Blevins A, Armstrong D: Bacteremia and 
fungemia in patients with neoplastic disease. Am J Med 1987, 82(4):723-730. 

294. Viscoli C, Cometta A, Kern WV, Bock R, Paesmans M, Crokaert F, Glauser 
MP, Calandra T: Piperacillin-tazobactam monotherapy in high-risk febrile 
and neutropenic cancer patients. Clin Microbiol Infect 2006, 12(3):212-216. 

295. Bakhshi S, Padmanjali KS, Arya LS: Infections in childhood acute 
lymphoblastic leukemia: an analysis of 222 febrile neutropenic episodes. 
Pediatr Hematol Oncol 2008, 25(5):385-392. 

296. Stabell N, Nordal E, Stensvold E, Gammelsrud KW, Lund B, Taxt A, Buhring 
F, Greve-Isdahl M, Fornebo HP, Simonsen GS et al: Febrile neutropenia in 
children with cancer: a retrospective Norwegian multicentre study of 
clinical and microbiological outcome. Scand J Infect Dis 2008, 40(4):301-
307. 

297. Katsimpardi K, Papadakis V, Pangalis A, Parcharidou A, Panagiotou JP, Soutis 
M, Papandreou E, Polychronopoulou S, Haidas S: Infections in a pediatric 
patient cohort with acute lymphoblastic leukemia during the entire course 
of treatment. Support Care Cancer 2006, 14(3):277-284. 

298. Lai HP, Hsueh PR, Chen YC, Lee PI, Lu CY, Lu MY, Lin WC, Hsieh YC, Lee 
CY, Lin KH et al: Bacteremia in hematological and oncological children 
with febrile neutropenia: experience in a tertiary medical center in 
Taiwan. J Microbiol Immunol Infect 2003, 36(3):197-202. 

299. Mahmud S, Ghafoor T, Badsha S, Gul MS: Bacterial infections in paediatric 
patients with chemotherapy induced neutropenia. J Pak Med Assoc 2004, 
54(5):237-243. 

300. Ariffin H, Navaratnam P, Lin HP: Surveillance study of bacteraemic episodes 
in febrile neutropenic children. Int J Clin Pract 2002, 56(4):237-240. 

301. Kern WV: Risk assessment and treatment of low-risk patients with febrile 
neutropenia. Clin Infect Dis 2006, 42(4):533-540. 

302. Klastersky J: Science and pragmatism in the treatment and prevention of 
neutropenic infection. J Antimicrob Chemother 1998, 41 Suppl D:13-24. 

303. Ramphal R: Changes in the etiology of bacteremia in febrile neutropenic 
patients and the susceptibilities of the currently isolated pathogens. Clin 
Infect Dis 2004, 39 Suppl 1:S25-31. 

304. Santolaya ME, Alvarez AM, Becker A, Cofre J, Enriquez N, O'Ryan M, Paya 
E, Pilorget J, Salgado C, Tordecilla J et al: Prospective, multicenter 
evaluation of risk factors associated with invasive bacterial infection in 
children with cancer, neutropenia, and fever. J Clin Oncol 2001, 
19(14):3415-3421. 



 

  83 

305. Santolaya ME, Alvarez AM, Aviles CL, Becker A, Cofre J, Enriquez N, 
O'Ryan M, Paya E, Salgado C, Silva P et al: Prospective evaluation of a 
model of prediction of invasive bacterial infection risk among children with 
cancer, fever, and neutropenia. Clin Infect Dis 2002, 35(6):678-683. 

306. Baorto EP, Aquino VM, Mullen CA, Buchanan GR, DeBaun MR: Clinical 
parameters associated with low bacteremia risk in 1100 pediatric oncology 
patients with fever and neutropenia. Cancer 2001, 92(4):909-913. 

307. Hartel C, Deuster M, Lehrnbecher T, Schultz C: Current approaches for risk 
stratification of infectious complications in pediatric oncology. Pediatr 
Blood Cancer 2007, 49(6):767-773. 

308. Ammann RA, Hirt A, Luthy AR, Aebi C: Identification of children 
presenting with fever in chemotherapy-induced neutropenia at low risk for 
severe bacterial infection. Med Pediatr Oncol 2003, 41(5):436-443. 

309. Klaassen RJ, Goodman TR, Pham B, Doyle JJ: "Low-risk" prediction rule 
for pediatric oncology patients presenting with fever and neutropenia. J 
Clin Oncol 2000, 18(5):1012-1019. 

310. Freifeld A, Marchigiani D, Walsh T, Chanock S, Lewis L, Hiemenz J, Hiemenz 
S, Hicks JE, Gill V, Steinberg SM et al: A double-blind comparison of 
empirical oral and intravenous antibiotic therapy for low-risk febrile 
patients with neutropenia during cancer chemotherapy. N Engl J Med 1999, 
341(5):305-311. 

311. Innes HE, Smith DB, O'Reilly SM, Clark PI, Kelly V, Marshall E: Oral 
antibiotics with early hospital discharge compared with in-patient 
intravenous antibiotics for low-risk febrile neutropenia in patients with 
cancer: a prospective randomised controlled single centre study. Br J 
Cancer 2003, 89(1):43-49. 

312. Malik IA, Khan WA, Karim M, Aziz Z, Khan MA: Feasibility of outpatient 
management of fever in cancer patients with low-risk neutropenia: results 
of a prospective randomized trial. Am J Med 1995, 98(3):224-231. 

313. Rubenstein EB, Rolston K, Benjamin RS, Loewy J, Escalante C, Manzullo E, 
Hughes P, Moreland B, Fender A, Kennedy K et al: Outpatient treatment of 
febrile episodes in low-risk neutropenic patients with cancer. Cancer 1993, 
71(11):3640-3646. 

314. Talcott JA, Whalen A, Clark J, Rieker PP, Finberg R: Home antibiotic 
therapy for low-risk cancer patients with fever and neutropenia: a pilot 
study of 30 patients based on a validated prediction rule. J Clin Oncol 1994, 
12(1):107-114. 

315. Paesmans M, Klastersky J, Maertens J, Georgala A, Muanza F, Aoun M, 
Ferrant A, Rapoport B, Rolston K, Ameye L: Predicting febrile neutropenic 
patients at low risk using the MASCC score: does bacteremia matter? 
Support Care Cancer 2010. 

316. Feld R: Bloodstream infections in cancer patients with febrile neutropenia. 
Int J Antimicrob Agents 2008, 32 Suppl 1:S30-33. 

317. Cattaneo C, Quaresmini G, Casari S, Capucci MA, Micheletti M, Borlenghi E, 
Signorini L, Re A, Carosi G, Rossi G: Recent changes in bacterial 
epidemiology and the emergence of fluoroquinolone-resistant Escherichia 
coli among patients with haematological malignancies: results of a 
prospective study on 823 patients at a single institution. J Antimicrob 
Chemother 2008, 61(3):721-728. 

318. Tiveljung-Lindell A, Rotzen-Ostlund M, Gupta S, Ullstrand R, Grillner L, 
Zweygberg-Wirgart B, Allander T: Development and implementation of a 
molecular diagnostic platform for daily rapid detection of 15 respiratory 
viruses. J Med Virol 2009, 81(1):167-175. 

319. Lindau C, Tiveljung-Lindell A, Goh S, Ramqvist T, Allander T: A single-tube, 
real-time PCR assay for detection of the two newly characterized human 
KI and WU polyomaviruses. J Clin Virol 2009, 44(1):24-26. 

320. Niesters HG, van Esser J, Fries E, Wolthers KC, Cornelissen J, Osterhaus AD: 
Development of a real-time quantitative assay for detection of Epstein-
Barr virus. J Clin Microbiol 2000, 38(2):712-715. 



 

84 

321. Yun Z, Lewensohn-Fuchs I, Ljungman P, Ringholm L, Jonsson J, Albert J: A 
real-time TaqMan PCR for routine quantitation of cytomegalovirus DNA 
in crude leukocyte lysates from stem cell transplant patients. J Virol 
Methods 2003, 110(1):73-79. 

322. Lindblom A, Isa A, Norbeck O, Wolf S, Johansson B, Broliden K, Tolfvenstam 
T: Slow clearance of human parvovirus B19 viremia following acute 
infection. Clin Infect Dis 2005, 41(8):1201-1203. 

323. Lu X, Holloway B, Dare RK, Kuypers J, Yagi S, Williams JV, Hall CB, 
Erdman DD: Real-time reverse transcription-PCR assay for comprehensive 
detection of human rhinoviruses. J Clin Microbiol 2008, 46(2):533-539. 

324. Nijhuis M, van Maarseveen N, Schuurman R, Verkuijlen S, de Vos M, 
Hendriksen K, van Loon AM: Rapid and sensitive routine detection of all 
members of the genus enterovirus in different clinical specimens by real-
time PCR. J Clin Microbiol 2002, 40(10):3666-3670. 

325. CDC protocol of realtime RTPCR for influenza A (H1N1). Accessed 15 Oct 2010 
[http://www.who.int/entity/csr/resources/publications/swineflu/CDCRealtimeR
TPCR_SwineH1Assay-2009_20090430.pdf] 

326. Brittain-Long R, Nord S, Olofsson S, Westin J, Anderson LM, Lindh M: 
Multiplex real-time PCR for detection of respiratory tract infections. J Clin 
Virol 2008, 41(1):53-56. 

327. Terlizzi ME, Massimiliano B, Francesca S, Sinesi F, Rosangela V, Stefano G, 
Costa C, Rossana C: Quantitative RT real time PCR and indirect 
immunofluorescence for the detection of human parainfluenza virus 1, 2, 3. 
J Virol Methods 2009, 160(1-2):172-177. 

328. Lion T, Baumgartinger R, Watzinger F, Matthes-Martin S, Suda M, Preuner S, 
Futterknecht B, Lawitschka A, Peters C, Potschger U et al: Molecular 
monitoring of adenovirus in peripheral blood after allogeneic bone marrow 
transplantation permits early diagnosis of disseminated disease. Blood 
2003, 102(3):1114-1120. 

329. Lion T, Kosulin K, Landlinger C, Rauch M, Preuner S, Jugovic D, Potschger U, 
Lawitschka A, Peters C, Fritsch G et al: Monitoring of adenovirus load in 
stool by real-time PCR permits early detection of impending invasive 
infection in patients after allogeneic stem cell transplantation. Leukemia 
2010, 24(4):706-714. 

330. Walls T, Hawrami K, Ushiro-Lumb I, Shingadia D, Saha V, Shankar AG: 
Adenovirus infection after pediatric bone marrow transplantation: is 
treatment always necessary? Clin Infect Dis 2005, 40(9):1244-1249. 

331. Baldwin A, Kingman H, Darville M, Foot AB, Grier D, Cornish JM, Goulden 
N, Oakhill A, Pamphilon DH, Steward CG et al: Outcome and clinical course 
of 100 patients with adenovirus infection following bone marrow 
transplantation. Bone Marrow Transplant 2000, 26(12):1333-1338. 

332. Avivi I, Chakrabarti S, Milligan DW, Waldmann H, Hale G, Osman H, Ward 
KN, Fegan CD, Yong K, Goldstone AH et al: Incidence and outcome of 
adenovirus disease in transplant recipients after reduced-intensity 
conditioning with alemtuzumab. Biol Blood Marrow Transplant 2004, 
10(3):186-194. 

333. Jartti T, Lee WM, Pappas T, Evans M, Lemanske RF, Jr., Gern JE: Serial viral 
infections in infants with recurrent respiratory illnesses. Eur Respir J 2008, 
32(2):314-320. 

334. Craft AW, Reid MM, Gardner PS, Jackson E, Kernahan J, McQuillin J, Noble 
TC, Walker W: Virus infections in children with acute lymphoblastic 
leukaemia. Arch Dis Child 1979, 54(10):755-759. 

335. Hall CB, Powell KR, MacDonald NE, Gala CL, Menegus ME, Suffin SC, 
Cohen HJ: Respiratory syncytial viral infection in children with 
compromised immune function. N Engl J Med 1986, 315(2):77-81. 

336. Koskenvuo M, Mottonen M, Rahiala J, Saarinen-Pihkala UM, Riikonen P, 
Waris M, Ziegler T, Uhari M, Salmi TT, Ruuskanen O: Respiratory viral 
infections in children with leukemia. Pediatr Infect Dis J 2008, 27(11):974-
980. 

http://www.who.int/entity/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
http://www.who.int/entity/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf


 

  85 

337. Jartti T, Lehtinen P, Vuorinen T, Koskenvuo M, Ruuskanen O: Persistence of 
rhinovirus and enterovirus RNA after acute respiratory illness in children. 
J Med Virol 2004, 72(4):695-699. 

338. Winther B, Hayden FG, Hendley JO: Picornavirus infections in children 
diagnosed by RT-PCR during longitudinal surveillance with weekly 
sampling: Association with symptomatic illness and effect of season. J Med 
Virol 2006, 78(5):644-650. 

339. van der Zalm MM, van Ewijk BE, Wilbrink B, Uiterwaal CS, Wolfs TF, van 
der Ent CK: Respiratory pathogens in children with and without 
respiratory symptoms. J Pediatr 2009, 154(3):396-400, 400 e391. 

340. Nokso-Koivisto J, Kinnari TJ, Lindahl P, Hovi T, Pitkaranta A: Human 
picornavirus and coronavirus RNA in nasopharynx of children without 
concurrent respiratory symptoms. J Med Virol 2002, 66(3):417-420. 

341. Heikkinen T, Salmi AA, Ruuskanen O: Comparative study of 
nasopharyngeal aspirate and nasal swab specimens for detection of 
influenza. BMJ 2001, 322(7279):138. 

342. Abu-Diab A, Azzeh M, Ghneim R, Zoughbi M, Turkuman S, Rishmawi N, Issa 
AE, Siriani I, Dauodi R, Kattan R et al: Comparison between pernasal 
flocked swabs and nasopharyngeal aspirates for detection of common 
respiratory viruses in samples from children. J Clin Microbiol 2008, 
46(7):2414-2417. 

343. Heikkinen T, Marttila J, Salmi AA, Ruuskanen O: Nasal swab versus 
nasopharyngeal aspirate for isolation of respiratory viruses. J Clin 
Microbiol 2002, 40(11):4337-4339. 

344. Lambert SB, Whiley DM, O'Neill NT, Andrews EC, Canavan FM, Bletchly C, 
Siebert DJ, Sloots TP, Nissen MD: Comparing nose-throat swabs and 
nasopharyngeal aspirates collected from children with symptoms for 
respiratory virus identification using real-time polymerase chain reaction. 
Pediatrics 2008, 122(3):e615-620. 

345. Sung RY, Chan PK, Choi KC, Yeung AC, Li AM, Tang JW, Ip M, Tsen T, 
Nelson EA: Comparative study of nasopharyngeal aspirate and nasal swab 
specimens for diagnosis of acute viral respiratory infection. J Clin Microbiol 
2008, 46(9):3073-3076. 

346. Stensballe LG, Trautner S, Kofoed PE, Nante E, Hedegaard K, Jensen IP, Aaby 
P: Comparison of nasopharyngeal aspirate and nasal swab specimens for 
detection of respiratory syncytial virus in different settings in a developing 
country. Trop Med Int Health 2002, 7(4):317-321. 

347. Macfarlane P, Denham J, Assous J, Hughes C: RSV testing in bronchiolitis: 
which nasal sampling method is best? Arch Dis Child 2005, 90(6):634-635. 

348. Ipp M, Carson S, Petric M, Parkin PC: Rapid painless diagnosis of viral 
respiratory infection. Arch Dis Child 2002, 86(5):372-373. 

349. McIntosh K, Hendry RM, Fahnestock ML, Pierik LT: Enzyme-linked 
immunosorbent assay for detection of respiratory syncytial virus infection: 
application to clinical samples. J Clin Microbiol 1982, 16(2):329-333. 

350. Frayha H, Castriciano S, Mahony J, Chernesky M: Nasopharyngeal swabs 
and nasopharyngeal aspirates equally effective for the diagnosis of viral 
respiratory disease in hospitalized children. J Clin Microbiol 1989, 
27(6):1387-1389. 

351. Ahluwalia G, Embree J, McNicol P, Law B, Hammond GW: Comparison of 
nasopharyngeal aspirate and nasopharyngeal swab specimens for 
respiratory syncytial virus diagnosis by cell culture, indirect 
immunofluorescence assay, and enzyme-linked immunosorbent assay. J 
Clin Microbiol 1987, 25(5):763-767. 

352. Cruz JR, Quinonez E, de Fernandez A, Peralta F: Isolation of viruses from 
nasopharyngeal secretions: comparison of aspiration and swabbing as 
means of sample collection. J Infect Dis 1987, 156(2):415-416. 

353. Lamoth F, Jaton K, Prod'hom G, Senn L, Bille J, Calandra T, Marchetti O: 
Multiplex blood PCR in combination with blood cultures for improvement 
of microbiological documentation of infection in febrile neutropenia. J Clin 
Microbiol 2010, 48(10):3510-3516. 



 

86 

354. Nakamura A, Sugimoto Y, Ohishi K, Sugawara Y, Fujieda A, Monma F, 
Suzuki K, Masuya M, Nakase K, Matsushima Y et al: Diagnostic value of 
PCR analysis of bacteria and fungi from blood in empiric-therapy-
resistant febrile neutropenia. J Clin Microbiol 2010, 48(6):2030-2036. 

 
 


	1 INTRODUCTION
	2 BACKGROUND
	2.1 IMMUNOLOGY
	2.1.1 The non-specific immune system
	2.1.2 The complement system
	2.1.3 The specific immune system
	2.1.4 Fever

	2.2 CANCER IN CHILDREN
	2.2.1 Neuroblastoma

	2.3 HEMATOLOGICAL DISORDERS IN CHILDREN AND ADULTS
	2.3.1 Disorders
	2.3.1.1 Lymphoma
	2.3.1.1.1 Non-Hodgkin lymphoma
	2.3.1.1.2 Hodgkin lymphoma

	2.3.1.2 Acute leukemia
	2.3.1.2.1 Acute myeloid leukemia
	2.3.1.2.2 Acute lymphocytic leukemia

	2.3.1.3 Myelodysplastic syndrome

	2.3.2 Treatments
	2.3.2.1 Antineoplastic chemotherapy
	2.3.2.2 Monoclonal antibodies
	2.3.2.3 Corticosteroids
	2.3.2.4 Allogeneic hematopoietic stem Cell Transplantation


	2.4 VIRAL DETECTION METHODS
	2.4.1 Virus isolation, antigen detection, and serology
	2.4.2 Polymerase chain reaction

	2.5 THE VIRUSES
	2.5.1 Respiratory syncytial virus
	2.5.2 Metapneumovirus
	2.5.3 Rhinovirus
	2.5.4 Enterovirus
	2.5.5 Coronavirus
	2.5.6 Influenzavirus
	2.5.7 Parainfluenza virus
	2.5.8 Adenovirus
	2.5.9 BK virus
	2.5.10 Epstein-Barr virus
	2.5.11 Cytomegalovirus
	2.5.12 Parvovirus B19

	2.6 INFECTIONS IN IMMUNOCOMPROMISED PATIENTS
	2.6.1 Post allogeneic hematopoietic stem cell transplantation
	2.6.2 Patients with febrile neutropenia


	3 AIMS
	4 PATIENTS, MATERIALS AND METHODS
	4.1 PAPER I – ADENOVIRUS IN ALLOGENEIC HSCT RECIPIENTS
	4.1.1 The patients
	4.1.2 Materials
	4.1.3 Methods

	4.2 PAPER II – VIRAL INFECTIONS IN CHILDREN WITH FEBRILE NEUTROPENIA
	4.2.1 The patients
	4.2.2 Materials
	4.2.3 Methods

	4.3 PAPER III – NASAL SWAB VERSUS NPA FOR VIRAL DETECTION
	4.3.1 The patients
	4.3.2 Materials
	4.3.3 Methods

	4.4 PAPER IV – VIRUSES IN NEUTROPENIC ADULTS WITH AND WITHOUT FEVER
	4.4.1 The patients
	4.4.2 Materials
	4.4.3 Methods


	5 RESULTS AND DISCUSSION
	5.1 PAPER I – ADENOVIRUS IN ALLOGENEIC HSCT RECIPIENTS
	5.2 PAPER II – VIRAL INFECTIONS IN CHILDREN WITH FEBRILE NEUTROPENIA
	5.3 PAPER III - NASAL SWAB VERSUS NPA FOR VIRAL DETECTION
	5.4 PAPER IV - VIRUSES IN NEUTROPENIC ADULTS WITH AND WITHOUT FEVER

	6 CONCLUSIONS AND FUTURE PERSPECTIVES
	7 POPULÄRVETENSKAPLIG SAMMANFATTNING
	8 ACKNOWLEDGEMENTS
	9 REFERENCES

