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ORIGINAL ARTICLE

Analysis of early infectious complications
in pediatric patients undergoing bone
marrow transplantation

Abstract The purpose of the pres-
ent study was to analyze the char-
acteristics of infectious complica-
tions occurring during the first

100 days after bone marrow trans-
plantation (BMT) in a cohort of
123 pediatric patients with hemato-
logical malignancies (n=73), solid
tumors (n=32) and nonmalignant
disorders (n=18). Fifty-eight pa-
tients received allogeneic grafts,
and 65 patients an autologous
transplant. Fever developed in 107
(87%) children; 82% of infectious
complications occurred during the
neutropenic period. Documented
infection developed in 33 (31%)
patients, while 74 (69%) patients
had possible infection (i.e. fever of
unknown origin). The incidence of
bacteremia was 21%, and gram-po-
sitive cocci were the predominant
pathogens; non-bacteremic micro-
biologically documented infection
developed in 6% of patients; clini-
cally evident infection developed in
4% of subjects. The incidence of
primary febrile episodes was not
significantly different between au-
tologous and allogeneic BMT
(86% vs 88% ); nor did the median

Introduction

Although the results of bone marrow transplantation
(BMT) have been encouraging, infectious complica-
tions still result in significant morbidity and mortality

number of days to the onset of fev-
er (5 days in both groups) or the
median duration of fever (5 days in
both groups) differ. In contrast, the
frequency of secondary febrile epi-
sodes was significantly higher
(P=0.0001) in allogeneic BMT re-
cipients (40%) than in autologous
recipients (15% ). The mortality
rate due to infections was 2/36
(5%) for matched sibling donor
BMT, and 1/13 (8%) for matched
unrelated donor BMT. No deaths
occurred in the 65 patients who
were autografted. Invasive fungal
infections accounted for 2 of the 3
infectious deaths. In conclusion,
the majority of children undergo-
ing BMT experienced at least one
infectious episode; allogeneic BMT
recipients were at high risk of de-
veloping secondary febrile epi-
sodes, but the overall mortality
rate due to infection in the first
100 days after transplantation was
low.

Key words Infectious
complications - Bone marrow
transplantation in children -
Bacteremia

and remain major obstacles to further improvement of

survival rates [3, 28].
Infections following BMT are determined in part by

the sequential events that occur in the process of mar-
row ablation, hematopoietic engraftment and immuno-
logic recovery. The type of infections and their severity
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are related to the patient’s underlying disease, the
method of marrow ablation and the speed and com-
pleteness of marrow recovery [19].

Early and late infectious complications after autolo-
gous and allogeneic BMT are well documented [6, 7, 9,
13, 16]. Approximately 35-100% of adult patients re-
ceiving BMT become infected, with an infectious mor-
tality rate ranging from 5% to 33% [6, 9, 14, 15, 30, 31].
In contrast, there have been few published reports
dealing exclusively with children undergoing BMT |2,
17, 23, 25].

The present study aims to analyze the characteristics
of all febrile episodes occurring during the first
100 days after BMT in a cohort of 123 pediatric patients
who were grafted at a single institution over a 6-year
period.

Patients and methods
Patients

One hundred twenty-eight consecutive children received their
first hematopoietic precursor cell transplantation at the Depart-
ment of Pediatrics, University of Turin, during the period from
October 1989 (the start of our BMT program) to August 1996.

Three patients who received an haplo-identical transplant and
two patients who were grafted while febrile were excluded from
the analysis. Thus, the study group consisted of 123 patients who
were examined for evidence of infection during the first 100 days
posttransplant.

Fifty-nine percent of transplantations were performed in chil-
dren with hematological malignancies, 26% in children with solid
tumor and 15% in children with nonmalignant disorder. Table 1
summarizes the patient characteristics.

Table 1 Patients’ characteris-

. Autologous Allogeneic
UCS.(B M bone marrow, PBPC transplagntation trans%)lantation
peripheral blood precursor
ce}}s, g]l\?;;/c cct)rd blocl)d stem No. of patients 65 58
C]?BIS, 1 bcg O.me%a} ovirus, Median age in years (range) 8 (2-20) 7.5 (2-20)

total body 1rraciation, Sex: male/female 4025 3721
TAI thoraco-abdominal irra- Underlving di
diation, CSA cyclosporin STYINg dIsease
’ yelosp > Malignancy
MTX methotrexate, ATG Acute leukemia 30 35
antithymocyte globulin) Lymphoma 2 3
Hodgkin’s disease 1 0
Chronic myelogenous leukemia 0 1
Myelodysplastic syndrome 0 1
Solid tumor 32 0
Nonmalignant disorders
Thalassemia 0 10
Blackfan-Diamond anemia 0 1
Severe aplastic anemia 0 1
Fanconi anemia 0 2
Lysosomal storage diseases 0 4
Donor relationship
HLA-identical sibling transplants NA 36
Non-identical family transplants NA 9
Matched unrelated donor transplants NA 13
Source of transplant
Bone marrow 59 54
PBPC 6 3
CBSC NA 1
Serological status before transplant
Recipient CMV positive 43 40
Donor CMYV positive NA 35
Preparative regimen
Chemotherapy 44 29
Chemotherapy + TBI 21 27
Chemotherapy + TAI 0 2

Median no. (range) of nucleated cells infused

x 10%/kg
GVHD prophylaxis
CSA
CSA +MTX
CSA-MTX +ATG
Ex vivo T cell depletion

1.70 (0.40-13.4) 3.55 (0.60-15.5)

NA 24
NA 21
NA 12
NA 1
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Transplantation procedure

Only primary transplants were included in the present analysis.
Grafts were from genotypically HLA-matched siblings for 36 pa-
tients, a partially matched related donor for 9 patients (2 siblings,
7 parents) and an unrelated volunteer donor for 13 patients; 65
patients underwent an autologous transplantation.

All patients were prepared for transplantation according to
protocols appropriate to their underlying disease and the type of
transplant. In 48 of the 123 transplants (21 autologous, 13 allo-
geneic, 5 mismatched and 9 unrelated marrow transplants) the
conditioning regimen included total-body irradiation (TBI).

Peripheral blood progenitor cells (PBPCs) for allogeneic
transplantation were collected through aphereses after G-CSF
mobilization in 3 donors.

Tissue typing for all patients and unrelated donors included
serotyping for HLA-A,-B,-DR and DQ antigens. HLA-D region
compatibility was also defined by DRBI1 typing using sequence-
specific oligonucleotide probe hybridization.

In 4 autologous recipients marrow was purged ex vivo by
means of 4-hydroperoxycyclophosphamide prior to cryopreserva-
tion. In 1 patient receiving BMT mismatched for one antigen,
bone marrow was treated ex vivo before infusion with vincristine
and methylprednisolone.

Microbiological evaluation

Pretransplant evaluation included a complete medical history,
particularly focusing on previous major infections and a careful
physical examination for signs and symptoms of infection. Sur-
veillance cultures of oropharynx, nose, urine and stool were ob-
tained before the transplant and weekly thereafter. Cytomegalo-
virus (CMYV), herpes simplex virus (HSV) and Epstein-Barr virus
(EBV) serology and CMV antigenemia/viremia were analyzed
before the transplant and weekly thereafter until day 100 after the
transplant.

At the development of fever at least three blood cultures were
taken, one from a peripheral vein and the others from the ind-
welling central venous catheter (CVC), as well as cultures from
any clinically relevant site. The initial screening also included de-
termination of creatinine and transaminase levels, C-reactive pro-
tein (CRP) and a complete blood cell count including differential
leukocyte count.

Diagnostic definitions

Neutropenia was defined by an absolute neutrophil count of less
than 0.5x 10 cells/I.

Fever was defined as an axillary temperature of 38-38.5 °C on
two separate occasions 2 h apart or more than 38.5°C on one oc-
casion and not related to transfusion of blood products. Febrile
episodes were categorized as primary or secondary: the primary
episode was the first one developing after transplantation, while
secondary febrile episodes were those occurring after at least 72 h
of defervescence from a previous episode.

According to EORTC criteria [4], infections were subclassif-
ied as Microbiologically Documented With Bacteremia when pa-
thogenic microorganisms were recovered from the blood, as Mi-
crobiologically Documented Without Bacteremia when pathog-
enic microorganisms were recovered from any affected site except
blood (i.e. urine, stool, oropharynx), and as Clinically Docu-
mented when signs and/or symptoms of infection at anatomic
sites were present but pathogens were not detected. Patients who
developed fever but lacked clinical or microbiological evidence of
infection or other obvious causes were classified as having fever
of unknown origin (FUO).

CMYV disease was defined as positive antigenemia and/or re-
covery of virus from a visceral site or by bronchoscopy with lav-
age (BAL) in patients with associated signs and symptoms consis-
tent with CMV infection [20].

Patients who had a relapse of their malignancy following
transplant were, from then on, no longer considered to be at risk
for infectious complications.

Supportive measures

All patients had central venous access with single-lumen (n=24)
or double-lumen (n=99) catheters inserted before conditioning.
Patients were nursed in reverse isolation in positive pressure or in
a laminar air flow room. All patients were scheduled to receive a
low microbial diet without food sterilization procedures.

A gut decontamination regimen with oral nonabsorbable anti-
biotics was started on day 1 after transplant in 53 patients; 29 pa-
tients were given prophylactic fluoroquinolone antibiotics treat-
ment; and 5 patients received nonabsorbable and absorbable anti-
biotics. Thirty-six children did not receive any gut decontamina-
tion regimen because of an inability to take oral medications. Fif-
ty-five patients received either fluconazole (n=11) or amphoteri-
cin B i.v.(n=12), oral itraconazole (n=25) or nystatin (n=7) as
prophylaxis against fungal infections.

In order to shorten the period of neutropenia following the
transplant, 92 patients received hematopoietic growth factors: 65
patients received G-CSF, 20 patients GM-CSF, and 7 patients G-
CSF and GM-CSF; 31 patients did not receive any hematopoietic
growth factor.

All patients were given cotrimoxazole or pentamidine after
the graft for prophylaxis againstPrneumocystis carinii infection.

Patients who were CMV seropositive were treated prophylac-
tically with intravenous acyclovir at a dose of 500 mg/m? every 8 h
from day -5 until day +30 or discharge, whichever was earlier.
From September 1992 allogeneic recipients who were CMV posi-
tive received prophylactic ganciclovir as described elsewhere [1].
Acyclovir (250 mg/m? every 8 h) was also given, using the same
route and schedule as previously described, to patients seroposi-
tive for herpes simplex virus but seronegative for CMV.

Immunoglobulin preparations were administered at a dose of
500 mg/kg weekly from 1 week before until day 90 after trans-
plant and then monthly until day 180 (in 42 autologous transplant
recipients) or day 360 (in 51 allogeneic transplant recipients).

Blood component therapy was used to maintain the hemoglo-
bin level >9 g/dl and platelets >20x 10°/1; all cellular products
were filtered, leukocyte-depleted and routinely irradiated with
25 cGy, but were not screened for CMV.

Statistical methods

Between-group comparisons were performed and the Chi-square
test of significance applied. When required, Bonferroni’s correc-
tion and Fisher’s exact test were used. A result was declared sig-
nificant at the 5% level, and the confidence interval was com-
puted.

Results

Fever developed in 107 (87%) of the 123 patients, 16
patients (9 autologous;7 allogeneic) remaining free of
infection and fever periods during the entire observa-
tion period. Table 2 summarizes the characteristics of
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Table 2 Characteristics of in-
fections complications (MDI

Primary Secondary

microbiologically documented
infection, CDI clinically docu-
mented infection, FUO fever
of unknown origin)

Autologous BMT
Allogeneic BMT

No. of febrile episodes/all patients

107/123 (87%)
56/65 (36%)
51/58 (88%)

38/123 (31%)
10/65 (15%)
23/58% (40%)

First day with fever, median (range)

All patients
Autologous BMT
Allogeneic BMT

Median (range) duration of fever (days)

All patients
Autologous BMT
Allogeneic BMT

Diagnosis
MDI with bacteremia
MDI without bacteremia
CDI
FUO

5 (0-62) 22.5 (6-84)

5 (0-14) 17 (9-34)

5 (1-62) 22 (6-84)

5 (1-41) 3 (1-38)

5 (1-13) 2 (1-9)

5 (1-41) 4 (1-38)
23 (21%) 2 (5%)

6 (6%) 5 (13%)

4 (4%) 1(2%)
74 (69% ) 30 (80%)

#29 patients had 1 secondary febrile episode, 3 patients had 2, and 1 patient had 3 secondary febrile

episodes

infectious complications that developed during the first
100 days after transplant.

Profound granulocytopenia occurred in all patients.
The absolute neutrophil count (ANC) remained below
0.5x10%/1 for a median of 14 days (range 7-59 days)
and below 0.1x10%1 for a median of 8 days (range
0-35 days). ANC remained below 0.5 x 10?1 for a simi-
lar period of time in autologous (median 15 days, range
7-59 days) and in allogeneic transplants (median
14 days, range 7-30days); severe granulocytopenia
(ANC<0.1x10%1) lasted 8 days in both autologous
(range 0-35days) and allogeneic (range 2-17 days)
grafts.

Eighty-two percent of infectious complications oc-
curred during the neutropenic period, with 76% of pa-
tients having the first febrile episode within 7 days after
the graft. Seven patients had the first febrile episode
occurring after recovery from neutropenia.

The incidence of primary febrile episodes, the me-
dian number of days to the onset the first febrile epi-
sode and the median duration of fever did not signifi-
cantly differ between the autologous and the allogeneic
BMT group (Table 2). In contrast, the frequency of sec-
ondary febrile episodes was higher in allogeneic BMT
recipients (23 patients, 40%) than in autologous BMT
recipients (10 patients, 15%), and the difference was
statistically significant (P=0.0001). When autologous
and allogeneic BMT recipients were stratified by the
type of underlying disease, no remarkable differences
in rates of infection or in time to onset or duration of
the first febrile episode were noted, except for a shorter
duration of fever among patients allografted for non-
malignant disorders (P=0.21); the same figures apply
to secondary febrile episodes.

In the allogeneic BMT group there was no signifi-
cant difference between those receiving an HLA-iden-
tical sibling transplant and those receiving BMT from
an unrelated donor or an HLA-nonidentical related do-
nor with respect to the incidence of primary febrile epi-
sodes, the median number of days to the onset of the
first febrile episode or the median duration of fever
(data not shown). Recipients of BMT from unrelated
donors had a higher incidence of secondary febrile epi-
sodes (69%) than recipients of an HLA-identical si-
bling BMT (41%) or HLA-mismatched related donor
BMT (44%), but this difference was not statistically sig-
nificant (P=0.227).

When the rates of infectious complications were
stratified according to the year of transplantation
(group A: 1989-1991; group B: 1992-1993; group C:
1994-1995), no statistically significant differences were
noted among the three groups (group A 83%; group B
82%; group C 95%,P=0.1)

The percentage of documentation was similar in pri-
mary and in secondary episodes (31% vs 20% ;P =0.33).
The incidence of microbiologically or clinically docu-
mented infections was higher with unrelated donor al-
lografts (43% ) than with autografts (32%), sibling allo-
grafts (20%) and partially matched related transplants
(15%), although the difference was not statistically sig-
nificant (P=0.28).

Twenty-eight (78%) of the 36 identified organisms
were bacteria, 7 (19%) were fungi and 1 (3%) was a
virus (Table 3).

Microbiologically confirmed bacterial infection de-
veloped in 34 (27% ) patients. The most common bacte-
rial infection was bacteremia, occurring in 25 patients
(20%). Two of these had catheter-related infections ac-
cording to the criteria described elsewhere [18].
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Table 3 Features of docu-

mented infections (MDI Primary Secondary Total
irﬁ}(glrc(;il)oll?;oglcally documented MDI with be}c_teremia '
Gram positive bacteria 16 2 18
Coagulase negative staphylococci 6 1 7
Viridans streptococci 8 - 8
Corynebacterium group JK 1 - 1
Staphylococcus aureus — 1 1
Propionibacterium acnes 1 - 1
Gram negative bacteria 7 0 7
Pseudomonas aeruginosa 2 - 2
Pseudomonas paucimibilis 1 — 1
Escherichia coli 2 - 2
Fusibacterium nucleatum 1 - 1
Klebsiella pneumoniae 1 - 1
MDI without bacteremia

Localized bacterial infections 2 1 3
(gram negative)

Fungal infections

Mucocutaneous (Candida) 4 1 5
Invasive (Aspergillus, Cryptococcus) — 2 2
Viral infections

Rotavirus — 1 1

Clinically documented infections

Cutaneous infections 2 2
Pulmonary infiltrates 2 1 3

We did not observe any significant difference in the
incidence of bacteremias between autologous (21%)
and allogeneic (19%) transplants (P =0.849). When the
22 patients who received an unrelated donor transplant
or a mismatched parental donor transplant were ex-
cluded from the analysis, the incidence of bacteremia in
the allogeneic transplant group dropped to 13%.

Features of documented infections are shown in Ta-
ble 3. Nonbacteremic microbiologically documented in-
fections included 4 cases of urinary tract infection, 3
cases of mucocutaneous infection and 2 cases of enteri-
tis; 1 patient had pneumonia and 1 had meningitis.

We did not observe any case of CMV disease in our
cohort of BMT recipients.

The global incidence of infectious episodes was 1.4
episodes/100 risk days.

Overall survival on day 100 was 78%. Sixteen pa-
tients died before 100 days after BMT, and in 14 cases
autopsy was performed.

Infection was found to be a primary or associated
cause of death in 3 of 16 (12%) patients who died dur-
ing the observation period. Nine patients died of trans-
plant-related complications (3 of GVHD, 2 of hepatic
failure, 2 of ARDS, 1 of multi-organ failure, 1 of heart
insufficiency), and 4 patients died of recurrent malig-
nancy.

The mortality rate due to infections was 2/36 (5%)
for matched sibling donor BMT, and 1/13 (8%) for
matched unrelated donor BMT. No deaths occurred in
the 65 patients who were autografted. The median

number of days after transplant when death occurred
was 57 (range 6-89 days).

Invasive fungal infections accounted for 2 of the 3
infectious deaths (1Aspergillus, 1Cryptococcus infec-
tion); both patients received antifungal prophylaxis
(itraconazole and fluconazole respectively).

Discussion

Infection is almost invariably a complication of bone
marrow transplantation. Only a few studies have exam-
ined the overall incidence and spectrum of infectious
complications associated with BMT [6, 9, 15], whereas
several reports have described the specific incidence of
CMV [29], Varicella-zoster virus [21], pneumonia [12,
27] or fungal infections [8] in this setting. In addition,
the vast majority of these series are made up of adults,
and few studies report data on children [2, 17, 23, 25].

In our experience, infections were documented at a
very high frequency in children receiving BMT: roughly
90% of the patients experienced at least one infectious
episode, although the median duration of fever was
5 days only. Granulocytopenia following BMT had a
remarkable impact on the occurrence of infections:
more than two-thirds of patients developed fever dur-
ing the period of neutropenia. Recently, the use of he-
matopoietic growth factors has resulted in a shortening
of the periods of neutropenia following BMT, and the-
oretically this might also reduce infective complica-
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tions. Our results indicated that patients had an early
onset of fever, with 76% of subjects having the first fe-
brile episode by day 7 after BMT, when the impact of
hematopoietic growth factors on marrow recovery
might yet not be apparent. Overall, these results share
similarities with those reported from other studies [2,
10, 25].

The majority of febrile episodes were of undeter-
mined origin. The incidence of FUO was particularly
high in our series compared with the results reported
by others: whilst 69% of our patients developed FUO,
this pattern of infection occurred in about 35-40% of
patients included in other studies [2, 9, 25]. Possible
reasons behind this unexpected high incidence of possi-
ble infections may be (1) the presence of fever of very
short duration (1-2 days) in one-third of cases attri-
buted to FUO which might be related to noninfective
causes (e.g. medications), or (2) the occurrence of FUO
in allogeneic BMT recipients (50% of FUO) who de-
veloped acute GVHD, which is primarily mediated by
cytokine dysregulation and therefore represents a ma-
jor risk factor for fever.

Several reports have demonstrated that approxi-
mately 20% of granulocytopenic cancer patients have a
documented bacteremia [25]. This is confirmed by our
analysis, since bacteremia occurred in as many as 21%
of our patients. The distribution of isolates did not dif-
fer from that of other series of BMT recipients, as
gram-positive organisms have been found to be pre-
dominant in recent years [5, 10, 11, 25]. Many factors
have been advocated to explain this high incidence of
gram-positive bacteremias, including the increasing use
of indwelling venous devices [24], the use of prophylac-
tic antibiotics against gram-negative bacteria [22], and
the use of more aggressive preparative regimens lead-
ing to severe mucosal damage and invasion by all sa-
prophytes harbored in the oral cavity [26]. The con-
comitance of these three factors was present in half of
the patients in our study group. Prophylactic regimens
aimed at achieving selective or nonselective decontami-
nation are widely used by the transplant teams. Be-
cause sample sizes in this study were small, owing to
the different protocols utilized, we were unable to pro-
duce statistically relevant data on the efficacy of pro-
phylactic gut decontamination.

Allogeneic BMT for the treatment of nonhemato-
logical disorders was associated with a decreased inci-
dence of infectious complications and a shorter dura-
tion of fever. It should be remembered that patients
with hematological malignancies received multiple che-
motherapeutic and radiotherapeutic courses prior to
BMT, which may in turn have predisposed these chil-
dren to more severe peri-transplant infections.

The pattern of first febrile episode in autologous re-
cipients did not differ substantially from that of patients
who received allogeneic BMT: the rate of infectious

complications and the onset of fever were similar, as
was the median duration of fever, although these re-
sults may have been influenced by the small number of
patients included in the analysis. In contrast, there were
noticeable differences regarding secondary febrile epi-
sodes. Overall, one-third of patients had secondary epi-
sodes; patients receiving allogeneic BMT, especially un-
related marrow donor recipients, had a significantly
higher proportion of secondary episodes than did auto-
grafted patients (40% vs 15% ;P =0.0001), irrespective
of the duration of neutropenia. The extent of recovery
of the host’s new immune system, the presence of
GVHD and its effects on immune recovery and muco-
sal barriers, and the use of immunosuppressive agents
for prophylaxis and treatment of GVHD are the major
determinants of infection in the postengraftment period
of BMT. It is conceivable that these mechanisms may
also be implicated in our series, since two thirds of the
patients who had a secondary episode developed severe
acute GVHD requiring immunosuppressive therapies,
including steroids and antithymocyte globulin (ATG).

In the first 100 days after BMT the mortality due to
infections was only 2% and reflected the low trans-
plant-related mortality observed in our series (10%).
These data compare favorably with those reported in
the allogeneic BMT setting (17%) [2], although it
should be pointed out that the small number of patients
included in the present analysis may have influenced
significantly the low mortality rate from infection.

In summary, our data indicate that the vast majority
of children who received BMT experienced febrile epi-
sodes. Only one-third of all episodes involved docu-
mented infections, whereas the remainder could not be
definitely attributed to infections. Bacteremia was doc-
umented in 20% of primary episodes, and gram-posi-
tive bacteria were the leading pathogens involved. Al-
logeneic BMT recipients were at high risk of develop-
ing secondary febrile episodes as result of host defense
defects associated with the procedure. The overall in-
fectious disease mortality was very low in our series
(2%) despite a large number of febrile episodes and
fungal infections causing 2 of 3 deaths. The diagnosis
and the treatment of fungal infections in BMT reci-
pients remain a major issue for the clinician, as con-
firmed by our experience.
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