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Abstract

Children with inherited leukodystrophies have high hospitalization rates, often

associated with infection. We studied whether potentially modifiable risk factors

(preexisting indwelling central intravenous access, urinary catheter, hardware,

or mechanical ventilation; and influenza vaccine) were associated with infec-

tion-related hospitalization in children with leukodystrophy. Central intrave-

nous access was associated with sepsis (odds ratio [OR] 9.8); urinary catheter

was associated with urinary tract infections (OR 9.0); lack of seasonal vaccina-

tion was associated with influenza (OR 6.4); and mechanical ventilation was

associated with pneumonia (OR 2.7). We conclude that potentially modifiable

risk factors are significantly associated with infection and hospitalization in

children with leukodystrophies.

Introduction

Children with inherited leukodystrophies1–3 and their

families face complex health challenges. The incidence of

leukodystrophies is almost 1 in 7500 live births with a

34% risk of death by age 8 years.4 Hospitalization rates

and costs of care are high for children with leukodystro-

phy. The majority of costs come from inpatient hospital-

izations, often related to infection.5

Treatment for leukodystrophies is largely supportive

and there is a lack of evidence-driven guidelines. Bone

marrow transplantation (hematopoietic cell transplanta-

tion), umbilical cord blood transplantation, and enzy-

matic therapies are currently used for a subset of diseases,

and only benefit a minority of patients.6–8 Variability in

costs and hospitalizations across institutions9 suggest that

care-process models could impact leukodystrophy patient

care even in the absence of new therapies. In a previous

study we found that infection is significantly associated

with hospitalization in leukodystrophy patients,5 there-

fore, strategies to reduce rates of infection could have an

important clinical impact.

Our objective was to characterize infections in leuko-

dystrophy patients, as a cause or complication of hospi-

talization. We then sought to identify potentially

modifiable risk factors associated with infection-related

hospitalization in these patients.

Methods

We performed a retrospective cohort study of children

less than 18 years of age with an inherited leukodystrophy
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between 1 January 1999 and 30 June 2013. This study was

performed at a children’s hospital which serves as a ter-

tiary pediatric center as well as the primary children’s

hospital for an estimated pediatric population of >1.5
million children.10,11 The study was approved by the

Institutional Review Boards of the University of Utah and

Intermountain Healthcare (IH).

Patients with inherited leukodystrophies were identified

by prospective enrollment of patients presenting to a spe-

cialist leukodystrophy clinic; and by a computerized

search of the IH database using a previously validated

algorithm based on International Classification of Diseases,

Ninth Revision, Clinical Modification (ICD-9-CM) codes.9

A total of 702 unique possible patients were identified; 20

charts could not be located. Two authors (H. M. A., J. L.

B.) reviewed all 682 charts to determine whether a patient

met inclusion and exclusion criteria. Inclusion and exclu-

sion criteria were based on previous studies:4,5 brain mag-

netic resonance imaging (MRI) findings consistent with

the diagnosis of a leukodystrophy; patients were excluded

from the study if they had a known (past medical history)

or likely alternative diagnosis to explain a noninherited

leukodystrophy.

Criteria for diagnosis of infection were: admission or

discharge diagnosis of infection combined with support-

ing lab or microbiological data. Infection was defined as

urinary tract infection (UTI), sepsis, pneumonia, bron-

chiolitis, cellulitis or soft tissue infection, influenza, men-

ingitis, infection involving implantable hardware, (e.g.,

ventriculoperitoneal [VP] shunt infection); and/or a posi-

tive bacterial, viral, or fungal culture from a normally

sterile site. Nosocomial infection (hospital-acquired infec-

tion) was defined as an infection diagnosed during hospi-

talization, more than 48 h after admission. Bone marrow

transplant (BMT)/hematopoietic stem cell treatment sta-

tus was defined as patients who were within 6 months of

the date of their start of ablation for chemotherapy.

For each hospitalization, we evaluated if potential mod-

ifiable risk factors for infection were present prior to the

hospitalization, by determining if the patient had the pres-

ence of a gastrostomy-tube, central line, peripherally-

inserted central catheter (PICC) line, tracheostomy, and/

or mechanical ventilation, indwelling hardware, indwell-

ing urinary catheter, VP shunt, and whether the patient

received a flu vaccine during the season year of an hospi-

tal admission for influenza (see full description of criteria

in Data S1).

Data were collected through manual chart review.

Descriptive statistics were used to characterize the study

cohort. Odds ratios (ORs) were calculated for the pres-

ence or absence of the risk factor at the time of infection-

associated hospitalization, and the infection type. ORs

were calculated for the entire cohort, as well as separately

for BMT and non-BMT patients. In some cases there were

not sufficient patients or infections for some categories for

ORs calculations for BMT patients. Two-tailed P-values

were calculated using Fisher’s exact test. Each hospitali-

zation with infection was counted as a separate event.

Results

We identified 160 patients with an inherited leukodystro-

phy (Table S1). Table 1 shows the characteristics of the

232 infection-associated hospitalizations. The most

common infections associated with hospitalization were

pneumonia (64 hospitalizations, 28%); sepsis (64 hospi-

talizations, 28%); and bronchiolitis (45 hospitalizations,

19%).

We evaluated for the presence of potentially modifiable

risk factors for infection in each of the 232 hospitaliza-

tions. We found that a central and/or PICC line was pres-

ent in 121 hospitalizations (52%); a tracheostomy and/or

ventilator was present in 47 hospitalizations (20%);

indwelling hardware was present in 41 hospitalizations

(18%); and an indwelling urinary catheter was present in

7 hospitalizations (3%) (Table 2).

To determine whether these potentially modifiable risk

factors were significantly associated with certain infections

and hospitalization, we determined ORs for modifiable

risk factors for each infection type (Fig. 1; Table S2).

Central and/or PICC lines were significantly associated

Table 1. Characteristics of infections associated with hospitalization.

Outcome Overall

BMT

(n = 46)

Non-BMT

(n = 186) P

Treatment with

antimicrobial/-viral

182 (78%) 36 (78%) 146 (78%) 1.0

Positive bacterial or

fungal culture

117 (50%) 26 (57%) 91 (49%) 0.4

Positive viral

identification

53 (23%) 10 (22%) 43 (23%) 1.0

Abnormal chest

X-ray

58 (25%) 3 (7%) 55 (30%) 0.001

Pneumonia 64 (28%) 0 (0%) 64 (34%) 0.0001

Sepsis 64 (28%) 25 (54%) 39 (21%) 0.0001

Bronchiolitis 45 (19%) 9 (20%) 36 (19%) 1.0

Urinary tract

infection

33 (14%) 2 (4%) 31 (17%) 0.03

Influenza 20 (9%) 1 (2%) 19 (10%) 0.14

Cellulitis or soft

tissue infection

19 (8%) 3 (7%) 16 (11%) 0.77

Hardware infection 15 (6%) 0 (0%) 15 (10%) 0.05

Nosocomial infection 6 (3%) 1 (2%) 5 (3%) 1.0

Meningitis 3 (1%) 0 (0%) 3 (2%) 1.0

Total number of hospitalizations with infections was 232 (from total

number of patients = 75). Two-tailed P-value was calculated for the

difference between BMT and non-BMT patients.
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with sepsis (OR 9.8 [95% confidence interval 4.5–21.1],
P = 0.0001); indwelling urinary catheters were associated

with UTI (9.0 [1.9–42.3] P = 0.0008); tracheostomy and/

or ventilators were associated with pneumonia (2.7 [1.4–
5.2] P = 0.0032); and lack of seasonal influenza vaccina-

tion was associated with influenza (6.4 [1.6–25.6]
P = 0.002).

To evaluate whether immunosuppression associated

with BMT affected the associations with modifiable risk

factors, we compared infections and risk factors in BMT

and non-BMT patients. For some categories there were

insufficient number of BMT patients for analysis. A

central line was significantly associated with sepsis for both

BMT and non-BMT patients (OR 13.7 [3.0–62.7]; and 8.3

[3.3–21.0]) (Fig. 1). In separate subgroup analysis without

BMT patients, the associations of modifiable risk factors

with infections were still present (Fig. 1; Table S3).

To determine whether identification of risk factors

reflected a more medically fragile subgroup, we evaluated

the proportion of patients with bulbar insufficiency. We

compared the number of hospitalizations in patients with

or without bulbar insufficiency: for patients who had a

UTI and an indwelling urinary catheter; and patients with

sepsis and a central/PICC line. We found that of the 68

patients with bulbar insufficiency, there were 185 hospi-

talization events associated with infection. One hospital-

ization had a UTI and an indwelling urinary catheter

(0.5%); 10 patients had hospitalization with sepsis and a

central/PICC line (5.4%). In contrast, of the 92 nonbulbar

insufficiency patients with 47 hospitalizations, three had

hospitalizations with UTI and a urinary catheter (6.4%);

and 41 patients had hospitalization with sepsis and a cen-

tral/PICC line (87%).

Discussion

We found that potentially modifiable risk factors are sig-

nificantly associated with infection in hospitalized children

with leukodystrophy. Children with leukodystrophies were

Table 2. Prevalence of modifiable risk factors for infections in hospi-

talization events (n = 232).

Characteristic Overall BMT (n = 46)

Non-BMT

(n = 186) P

Central and/or

PICC Line

121 (52%) 31 (67%) 90 (48%) 0.89

Tracheostomy or

ventilator

47 (20%) 9 (20%) 38 (20%) 1.0

Hardware 41 (18%) 0 (0%) 41 (22%) 0.0001

Urinary catheter 7 (3%) 3 (7%) 4 (2%) 0.14

Number reported is the number of hospitalization events. Two-tailed

P-value was calculated for the difference between BMT and non-BMT

patients.

Figure 1. Odds ratios of modifiable risk factors for hospitalizations with infection. Odds ratios and 95% confidence intervals are shown.

*P < 0.05; **P < 0.001. Along the y-axis, infection outcome is listed in bold with the risk factor in italics below.
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hospitalized with infections at higher rates if they had the

presence of one of several risk factors (indwelling central

intravenous access, hardware, or indwelling urinary cathe-

ters; tracheostomy or need for mechanical ventilation; and

failure to receive a seasonal influenza vaccine).

The most common infections were pneumonia, sepsis,

bronchiolitis, UTI, and influenza. Nosocomial (hospital-

acquired) infections were rare, accounting for only six

(3%) hospitalization events. We did observe differences in

the types of infections between BMT and non-BMT

patients. For example, non-BMT patients more often had

pneumonia; whereas twice as many BMT patients had

sepsis. Interestingly, since more BMT patients had central

lines (67% vs. 48%), this suggests that sepsis rates could

be lowered in BMT patients by reducing the duration or

frequency; or care for; central lines.

Limitations of this study include that data were col-

lected retrospectively at a single center. We did not ana-

lyze the reason for the presence of the modifiable risk

factor (e.g., why a patient had an indwelling urinary cath-

eter). Certain risk factors may not be modifiable. For

example, some patients require tracheostomies or

mechanical ventilation. BMT involves immunosuppres-

sion and raises the risk for infection, and could have

skewed the results. However, we found that the modifi-

able risk for infection was still present in non-BMT

patients. It is possible that patients with modifiable risk

factors for infection are more medically fragile patients,

and hence as part of their disease course will have more

infections and hospitalizations. We found, though, that at

least as represented by bulbar insufficiency, as an indica-

tor of more severe neurological dysfunction, that patients

with bulbar insufficiency were not more likely to have the

modifiable risk factors associated with their hospitaliza-

tions. This suggests that a simple metric for medical fra-

gility may not account for our findings.

However, care for risk factors could be modified. Pul-

monary care standardized strategies have been shown to

reduce infections and mortality in patients with spinal

muscular atrophy or cystic fibrosis.12,13 Protocols for cen-

tral lines care can reduce infection rates.14 Routine cathe-

ter care or shortening of catheterization time can reduce

UTI rates.15 Patients with bulbar dysfunction accounted

for a larger proportion of infection-associated hospitaliza-

tions, ~3 hospitalizations/patient compared to 0.5/nonbul-

bar dysfunction patient. This suggests that a more

significant effect on reducing hospitalizations would result

from working with this subgroup.

We expect that our findings on potentially modifiable

risk factors for infection in children with leukodystrophies

will also be true in other neurologically impaired, medi-

cally complex children. Adherence or improvements in

prevention strategies could reduce the burden of

hospitalization rates or duration of hospital stay and the

impact on patients and their families.
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Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Data S1. Supplemental methods.

Table S1. Selected Demographic and Clinical Characteris-

tics of Leukodystrophy Patients.

Table S2. Odds ratios of modifiable risk factors for hospi-

talizations with infection. OR, 95% confidence intervals,

and P-values are given. Risk factor is listed in bold font

and the infection outcome is listed below.

Table S3. Odds ratios of modifiable risk factors for hospi-

talizations with infection in BMT compared to non-BMT

patients. ORs (95% confidence intervals; P-values) are

given. Risk factor is listed in bold font and the infection

outcome is listed below. In some categories there were no

or insufficient patients for analysis and are listed as “n/a.”
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