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2. Darstellung der Publikation und Literaturverzeichnis 

 

Transplantation of hematopoietic stem cells was, among others, a result of 

research in the late 1940´s and early 1950´s after significant findings of radiation 

injuries in the victims of the atomic bombs in Hiroshima and Nagasaki and further 

animal-based studies on radiation-sensitivity of bone marrow cells and ways of 

survival of otherwise lethal radiation (Jacobson et al., 1949a, Jacobson et al., 

1949b). 

Hematologic diseases were the cause of despair for a long time because 

treatment options were limited. The concept of stem cell transplantation had the 

potential of revolutionizing therapy of hematologic diseases, therefore being a 

curative procedure. The introduction of allogeneic stem cell transplantation in the 

context of clinical studies began at the end of the 1960’s when standardized 

transplantation programs were first set up, although the first allogeneic bone 

marrow transplantations in humans were performed on patients in the aftermath of 

a nuclear accident in Yugoslavia in 1959 (Mathe et al., 1959, Bortin, 1970, 

Thomas et al., 1977, Thomas and Storb, 1970). 

Since then, stem cell transplantation has become a standard treatment while 

protocols are routinely being checked and refined. Along the way to today’s 

transplantation protocols, this specific treatment modality was associated with 

severe side effects, relapse, and mortality – and unfortunately still is. The 

depletion of the immune system during conditioning represents a high risk for the 

development of infections of bacterial, viral and fungal nature in these patients. 

Therefore preparation, clinical and laboratory observation, swift recognition of 

infection and permanent reevaluation of therapy is vital to successful stem cell 

transplantation with minimal morbidity and mortality. 

In the year of our study, 2015, the German Register for Stem Cell Transplantation 

counted 3351 allogeneic transplantations nationwide. This number increased by 

155 to 3506 allogeneic transplantations in 2018 (Beelen and Mytilineos). 

A retrospective multicenter data mining study of the European Group for Blood 

and Marrow Transplantation Acute Leukemia Working Party reported an overall 

mortality prevalence at day 100 after allogeneic stem cell transplantation of 13.9% 

for patients with acute leukemia in the period 2000 – 2011 (Shouval et al., 2015). 
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In our study, we observed the 2015 patient cohort of allogeneic stem cell 

transplantation recipients at the Department of Stem Cell Transplantation of the 

University Medical Center Hamburg-Eppendorf. The aim was to document the 

appearance of infection, the diagnostic work-up and the course of antibiotic 

treatment. Furthermore, the epidemiology of this cohort and their according donors 

was crucial to analyze possible risk factors for infection during the peri-transplant 

period. We designed a predefined questionnaire to document patient data during 

hospitalization as well as the data of the one-year follow-up. In short, the recorded 

parameters were: patient characteristics (sex, age, disease, cytomegalovirus 

(CMV) Ig status), donor characteristics (sex, relation to patient, CMV Ig status), 

type of transplantation, Eastern Cooperative Oncology Group (ECOG) score at 

admission, conditioning regimen, neutrophil count (hence days of neutropenia), C-

reactive protein (CRP), fever, severe sepsis and septic shock, documented 

infection, days to onset of infection, days with febrile neutropenia, use of 

diagnostic tools (microbiology, radiology, endoscopy) and their results, evaluation 

of fungal infection, anti-infectious treatment according to standard operating 

procedures (SOP), duration of antibiotic treatment, primary outcome (discharge or 

death) and one-year follow up data concerning survival and death. Patient data 

were anonymized, and data protection met the relevant national and European 

laws. The statistical analysis was performed through the following software: SPSS 

and R. 

 

From January 1 to December 31 2015 we recorded the courses of 163 recipients 

of 166 allogeneic stem cell transplantations. Of those 37.4% were female and 

62.6% were male, the mean age was 59 years (range 18-79 years). Age was no 

significant risk factor concerning suspected or documented infection. The graft 

source for transplantation was 10.2% bone marrow and 89.8% mobilized 

peripheral blood stem cells. Donors were 30% female and 70% male with 18.7% 

match related, 55.4% match unrelated, 21.1% mismatched unrelated and 4.8% 

haploidentical related transplantation. 

Underlying diseases in the recipients of transplantation were chronic 

myeloproliferative neoplasms, lymphatic neoplasms, acute myeloid leukemias, 

myelodysplastic syndromes, myeloma, aplastic anemia. The underlying disease is 

not a risk factor for fever of unknown origin (FUO) or infection in our study cohort. 
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Outcome and follow-up 

Of 166 recipients of allogeneic stem cell transplantation 145 patients (87.3%) were 

discharged, 21 patients (12.7%) died during their hospital stay for transplantation. 

Of those, 19 patients died of infection, and two of other causes (relapse, heart 

failure). The one-year follow-up registered 8 more patients dead due to infection-

related causes and 20 patients died from causes other than infection (relapse, 

other). 

 

Fever of unknown origin 

Fever of unknown origin and the best empirical treatment is a much-discussed 

topic in the stem cell transplantation community. Most of the investigations are 

focused on empirical therapy of either one of the three suspected biological 

sources, which is bacterial, viral or fungal infection, and the improvement of 

diagnostic steps to make the fever of unknown origin a fever of known origin. 

In our investigation 118 patients (71.1%) developed FUO. Hence, treatment with 

first line therapy according to SOP (ceftazidime and vancomycin) began. 71 cases 

(42.7%) remained classified as FUO while 47 cases (28.3%) were classified as 

documented infection during diagnostic work up. Diagnostic work-up succeeded in 

40% of cases of FUO to fathom the cause of fever and classify the case as 

documented infection. The absolute number of cases of documented infection was 

84, with pulmonary infiltration on thoracic computer tomography scan in 64, 

positive microbiological result in bronchial alveolar lavage fluid in 50, blood culture 

in 36 and central venous line in 5 cases. 

 

The remaining 42.7% cases of FUO are well within the, admittedly, wide range of 

FUO observed in other studies which is 23% up to 51% (Hambach et al., 2002, 

Trenschel et al., 2005, Krüger et al., 1999). 

 

Days of neutropenia 

The t-test for mean duration of neutropenia in patients with or without infection 

showed significantly longer neutropenia in patients with infection (16.4 days vs 

11.5 days) (t(22)=-4.37, p<.001). And patients with a proven infection spent 
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significantly more days in neutropenia (17 days (SD 7.18) vs 14 days (SD 5.67), 

p=.004). 

The median duration of neutropenia was 14 days. Patients with neutropenia of and 

exceeding 14 days showed significantly higher rates of infections, generally 

assumed infections (96.4% vs 86.7%, p=.025) as well as documented infections 

(62.7% vs 38.6%, p=.002). They also showed a higher occurrence of neutropenic 

fever (85.5% vs 55.4%, p<.001). 

 

As expected, and demonstrated several times, duration of neutropenia is a 

prominent risk factor for both FUO and (documented) infection (Hori et al., 2004, 

Junghanss et al., 2002). In the guidelines of the Infectious Diseases Working Party 

(AGIHO) of the German Society of Hematology and Medical Oncology (DGHO) 

concerning diagnosis and empirical treatment of fever of unknown origin (FUO) in 

adult neutropenic patients the authors of said guideline agreed upon risk 

stratification into standard risk for infection (up to 7 days of neutropenia) and high 

risk of infection (duration of neutropenia of at least 8 days) (Heinz et al., 2017). 

There was no significant difference in terms of infection between patients with up 

to seven days of neutropenia (n=9, 88.9%) and patients with 8 or more days of 

neutropenia (n=157, 91.7%, p=.766). The large difference in group size might limit 

the finding. 

 

Cytomegalovirus status 

The supposition of a link between the CMV serostatus of patients and risk of 

infection has been discussed and shown before several times (Schmidt-Hieber et 

al., 2013, Broers et al., 2000, Nichols et al., 2002). The reason for that is the idea 

of a deprived immune system not only by the conditioning prior to allogeneic stem 

cell transplantation but also by an improper functioning of immune cells (Taylor-

Wiedeman et al., 1991, Hokland et al., 1988). 

 

Our study cohort was CMV IgG positive in 97 cases and CMV IgG negative in 69 

cases. In our analysis regarding CMV status (positive vs negative) we did not 

experience significant disparities in febrile neutropenia (74.2% vs 65.2%, p=.210), 

duration of antibiotic treatment (23 days (SD 15.758) vs 20 days (SD 8.613), 

p=.138) or infections (93.8% vs 88.4%, p=.217). Yet patients with negative CMV 
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IgG status showed significantly lower rates of documented infection (40.6% vs 

57.7%, p=.029). This is also seen in patient-donor matches in which at least one 

part is CMV IgG negative (n=82, 39% vs 61.9%, p=.003). 

 

Vinuesa et al. did not find a connection between CMV viremia and bacterial 

infection (Vinuesa et al., 2016). It is debatable to compare our results with the 

before mentioned study, because we did not track the polymerase-chain reaction 

(PCR) results for CMV, and thereby viral load, in our study. A lower rate of 

infection as cause of death in CMV seronegative recipients has been reported by 

other analyses (Kroger et al., 2001, Broers et al., 2000). We have seen 

significantly lower rates of bacterial infection in CMV seronegative patients 

compared to CMV seropositive patients and in any donor recipient combination in 

which at least one party was of seronegative CMV status. This result would be a 

rationale of CMV seropositivity as a sign of latent CMV infection or higher rates of 

copies of CMV DNA which leads to higher risk of infection in immunocompromised 

patients. In this study we did not include the actual CMV load of donors and 

recipients before transplantation or the CMV load in patients after transplantation. 

 

Conditioning regimens 

Non-myeloablative and reduced intensity conditioning regimens were developed to 

increase the number of eligible patients for the procedure. Those regimens are 

used in older patients and patients with pre-existing medical conditions because 

these patients benefit from the reduced toxicity of said regimens (Martino et al., 

2001). 

The conditioning regimens of ‘reduced-intensity’ were combined with ‘non-

myeloablative’ in our study, because there was only one case of reduced-intensity 

conditioning, and named ‘non-myeloablative’ conditioning. No significance was 

seen in infection rate among myeloablative conditioning (MAC) (n=94) and non-

myeloablative conditioning (non-MAC) ((n=72); 92.6 % vs 90.3 %, p=.779). No 

significant difference between these two groups was seen in documented 

infections, too (MAC 51.5% vs non-myeloablative 50%, p=.892). Febrile 

neutropenia was present in 64 patients (68.1%) in the MAC group compared with 

53 patients in the non-myeloablative group (73.6%, p=.494). Thus, we saw a 

higher percentage, though not significant, of febrile neutropenia in the non-
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myeloablative group. Interestingly the duration of febrile neutropenia was also 

significantly longer in patients with non-myeloablative treatment (4 days vs 2.84 

days p=.012). 

 

There are different results from other studies about the incidence of infection in 

patients after myeloablative versus reduced intensity and non-myeloablative 

regimens during the early post-transplantation phase (Neofytos et al., 2009, Kim et 

al., 2013, Larosa et al., 2005, Poutsiaka et al., 2007, Alyea et al., 2006). Kim et al. 

found a lower cumulative incidence of infections in patients with reduced-intensity 

regimens compared to myeloablative regimens (72% vs 87%) (Kim et al., 2013). 

Poutsiaka et al. conducted a study were the use of reduced-intensity regimens 

was found to be an independent risk factor for blood stream infections in 

comparison to myeloablative conditioning as well as autologous stem cell 

transplantation (HR 4.16) (Poutsiaka et al., 2007).  

 

No significant differences concerning numbers of infections, clinically apparent or 

microbiologically proven, were seen in our study. This can be viewed in support of 

the equivalence of the different types of conditioning when it comes to 

complications as described in a review by Atilla et al (Atilla et al., 2017). Yet, our 

results probably stem from higher age and more comorbidities as confounders in 

the group non-myeloablative conditioning. 

 

Antibiotic treatment 

Antibiotic therapy was initiated in 153 patients, 92 % of our cohort. The reason 

was fever (44%, n=73), increased CRP (25.9%, n=43), both of the before 

mentioned occurring simultaneously (9%, n=15) or other reasons (21.1%, n=35). 

129 patients (77.7%) were treated with first-line therapy initially. In 36 patients 

(21.7%), this therapy was discontinued successfully, 75 patients (45.2%) required 

second-line therapy and 18 patients (10.8%) received an adapted antibiotic 

treatment, deviant of the standard operation procedure.  

 

To prevent infectious complications during the early post-transplantation phase, 

the admission of prophylactic antibiotics, as well as anti-viral and -fungal agents, is 

a well-established procedure, just like the empirical treatment at the advent of 
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infection. This is a result of a large body of studies carried out over the last 

decades which showed significantly lower rates of infection and mortality when 

prophylactic treatment was applied (Bucaneve et al., 2005, Dykewicz, 2001, Lew 

et al., 1995). These agents against bacteria, virus and fungus are mostly aimed at 

a broad spectrum of subspecies. In the last decade, research on the negative 

effects of the microbiome mediated by broad-spectrum antibiotic in patients 

undergoing allogeneic stem cell transplantation increased and is much discussed. 

Results show a loss of diversity of the intestinal microbiome as well as an increase 

in gastrointestinal graft-versus-host disease which therefore results in a 

significantly higher mortality rate (Holler et al., 2014, Shono et al., 2016, Weber et 

al., 2017). 

A policy of early discontinuation of empirical antibiotic therapy, as a progressive 

approach to further reduce exposure to antimicrobial agents in patients, was not 

part of the standard operating procedures at the time of the study but meanwhile 

different trials showed early discontinuation, i.e. 72 hours after apyrexia and 

clinical recovery, as a safe procedure in patients with hematologic disorders 

undergoing interventions that included high-risk neutropenic episodes, thus 

including allogeneic stem cell transplantation (Aguilar-Guisado et al., 2017, Le 

Clech et al., 2018, Pasquier et al., 2018, Viscoli, 2017). 

This shows one of the difficulties of proper balanced antibiotic therapy in the field 

of transplantation in general and allogeneic stem cell transplantation in particular. 

 

ECOG score 

The assessment of risk prior to the transplantation procedure is very importance 

for every individual patient. One of many assessment tools is the ECOG score 

(Eastern Cooperative Oncology Group), which describes and determines the level 

of a patient’s ability of independent function in their daily routine. 

 

An infection was seen in 84.5% (n=49/58) of patients with initial ECOG score of 0, 

in 94.6% of patients with an ECOG score of 1, and each 100% in patients 

classified as ECOG score 2 (n=14/14) and 3 (n=1/1) (p= .027). We also observed 

a higher rate of documented infection in patients with ECOG score 2 compared to 

ECOG score 0 and 1 combined (78.6% vs 47.7%, p= .027). Alvarez et al. 

described a reduced overall survival of patients with a pre-transplant ECOG score 
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of 2 and higher (Alvarez et al., 2006). Martino et al. published a study which 

showed an increase of infections in patients who had an ECOG score >1 prior to 

their allogeneic stem cell transplantation, although no bacterial infections were 

tracked in this study (Martino et al., 2009). We confirm the usefulness of the 

ECOG score as a risk assessment tool. Patients with an ECOG score of 2 or 

higher should receive even more attention during the daily post-transplantation 

patient assessment. 

 

Strength and limitations of this study 

The study had been performed under consistent conditions. The standard 

operating procedures did not change in 2015 and they had been applied 

persistently. Also, there was no change of the physicians performing patient 

treatment on the ward. I, the author of this doctoral thesis and first author of the 

published article, was not involved in the treatment of the patients or treatment 

decision and therefore collected and analyzed the data objectively. The follow-up 

rate was 100 percent and the data we decided to collect beforehand was available 

for all patients. 

 

A main limitation of this study is the heterogeneity of diseases in the patients 

undergoing allogeneic stem cell transplantation, thus the small numbers in the 

different groups. A lot of studies in this field observe only one or few diseases 

which made it more difficult to compare the respective results. This study also did 

not include HLA matching and in-depth analysis of donor/recipient relation.  

Designed as a single center study the results are hardly transferable to generality 

as transplantation settings and standard operation procedures are various. 

However, this was not a goal of this study but the description of a specific patient 

cohort and their progression through the early post transplantation process. 

Naturally, future research is needed to amplify the knowledge of disease and 

better the curative approach and peri-transplant management to lessen the still 

considerable mortality of patients during neutropenia after allogeneic stem cell 

transplantation. 
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3. Zusammenfassung 

 

During allogeneic hematopoietic stem cell transplantation, infections significantly 

contribute to morbidity and mortality. A monocentric prospective analysis was 

performed to assess epidemiology, risk factors, and outcomes of infections during 

the peri-transplant period. The data were recorded prospectively using a 

predefined questionnaire. In 2015, 163 consecutive patients, of whom 37.4% were 

female and 62.6% male, with a median age of 59 (range 18-79) years, received 

166 allogeneic stem cell transplantation. The median duration of leukopenia 

(<10^9/L) was 14.5 days (range 4-43 days). Fever of unknown origin (FUO) 

occurred in 118 of 166 patients (71.1%). Severe sepsis developed in 95, septic 

shock in 26 patients. Intensive diagnostic workup, i.e. blood culture, thoracic 

computer tomography scans and bronchoscopy, helped to identify causative 

microorganisms only in a small number of infectious courses. All but 13 patients 

needed antibiotic therapy, each according to the standard operating procedures of 

the department. The cumulative incidence of death by infection after one year was 

16.6% (95%CI 11.3-22.7%). The only risk factor for FUO in neutropenia was the 

duration of neutropenia </≥14 days. FUO occurred in 55.4% of patients with less 

than 14 days duration of neutropenia and 85.5% of patient with 14 days or more of 

neutropenia (p<.001). In conclusion, the results of an elaborate diagnostic workup 

of infections in the peri-transplant period are scarce. Further attention to risk 

factors might help to identify patients at risk for severe infections. 

 

Während der Durchführung einer allogenen Stammzelltransplantation tragen 

Infektionen signifikant zu Morbidität und Mortalität bei. Es wurde eine 

monozentrische Studie zur Erfassung von Epidemiologie, Risikofaktoren und 

infektiologischem Therapieverlauf und Ausgang vor, während und nach einer 

Transplantation durchgeführt. Die vor Beginn des Beobachtungszeitraumes 

festgelegten Parameter wurden in einem standardisierten Datenblatt erfasst. Im 

Jahr 2015 erhielten 163 Patienten, 37.4% davon weiblich, medianes Alter 59 

Jahre (range 18-79), 166 allogene Stammzelltransplantationen. Fieber 

unbekannter Ursache in der Neutropenie trat bei 118 (71.1%) Patienten auf. 

Schwere Sepsis entwickelten 95 Patienten, einen septischen Schock 26 

Patienten. Die intensive mikrobiologische Diagnostik ergab lediglich eine kleine 
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Anzahl an pathologischen Befunden während der Infektionsverläufe. Außer 13 

Patienten benötigten alle Erkrankten eine Antibiotikatherapie, jeweils nach den 

Standardarbeitsanweisungen der Klinik für Stammzelltransplantation. Die 

kumulative Inzidenz der Mortalität durch Infektion nach einem Jahr nach 

Transplantation betrug 16.6% (95%CI 11.3-22.7%). Der einzige signifikante 

Risikofaktor für Fieber unbekannter Ursache in der Neutropenie war die Dauer der 

Neutropenie </≥14 Tage (55.4% vs 85.5%, p<.001). Resultate in der 

ausgedehnten infektiologischen Diagnostik in der Transplantationsphase sind 

spärlich, oft ohne pathologischen Befund und nicht wegweisend für die Therapie 

der Infektion. Eine genauere Betrachtung von möglichen Risikofaktoren kann 

helfen, Patienten mit einem Risiko für schwere Infektionen zu identifizieren. 
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