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Abstract

Mucopolysaccharidosis type I (MPS I) is a rare genetic disorder characterized by the deficiency 

of the alpha-L-iduronidase enzyme necessary for the degradation of glycosaminoglycans (GAG) 

in the lysosome. Hurler syndrome is the most severe form of MPS I, manifesting as multiorgan 

dysfunction, cognitive delay, and death, usually within ten years if left untreated. Hematopoietic 

stem cell transplantation (HSCT) is the optimal treatment option, providing a permanent 

solution to enzyme deficiency and halting cognitive decline; however, the HSCT complications 

transplantation-associated thrombotic microangiopathy (TA-TMA) and graft-versus-host disease 

(GVHD) are known risk factors for bloodstream infection (BSI). BSI is a serious complication 

of HSCT, contributing to poor outcomes and transplantation-related morbidity. There are little 

data evaluating BSI after HSCT in the Hurler syndrome population. We performed a retrospective 

analysis of patients with Hurler syndrome who underwent HSCT at our center between 2013 and 

2020 to determine the incidence of BSI within the first year post-transplantation. Patient BSI data 

were collected through the first year post-HSCT. Variables including patient demographics and 

transplantation-related characteristics were collected, including information on BSI and mortality. 

Twenty-five patients with a total of 28 HSCTs were included in the analysis; the majority (n = 

17; 68%) were male, with a median age of 1.1 years (interquartile range, .35 to 1.44 years) at the 

time of transplantation. The most common graft source was cord blood (n = 15; 54%), followed by 

bone marrow (n = 13; 46%), with the majority from matched unrelated donors (n = 14; 52%) and 

mismatched unrelated donors (n = 13; 44%). Sixteen BSIs were diagnosed in 12 patients (48%). 

Most infections (n = 7; 43.8%) were diagnosed in the first 20 days post-transplantation, with fewer 

infections observed at later time points. Seven of the 9 Hurler patients diagnosed with TA-TMA 

(78%) also had a BSI. The incidence rate of BSIs in Hurler patients (n = 12; 48%) was higher than 

the rates reported in the general pediatric HSCT population at 1-year post-transplantation (15% to 

35%). Given the high rate of both TA-TMA and a BSI in Hurler patients, we suspect a possible 
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correlation between the 2. Additionally, due to the time it takes for GAG levels to normalize 

post-HSCT in Hurler patients, it is reasonable to suspect that the high BSI rates in these patients 

are linked to their Hurler diagnosis. These findings bring awareness to possible disease-related 

factors contributing to high BSI rates in the Hurler population post-HSCT.
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INTRODUCTION

Mucopolysaccharidosis type I (MPS I) is a rare genetic disorder characterized by the 

deficiency of the alpha-L-iduronidase enzyme (IDUA) necessary for the degradation of 

glycosaminoglycans (GAG) heparan and dermatan sulfate, leading to their accumulation 

in the lysosome and extracellular matrix. The buildup of GAG in various tissues and 

organs perturbs molecular processes and results in a wide range of symptoms of varying 

severity [1,2]. Hurler syndrome is the most severe form of MPS I due to neurologic and 

non-neurologic symptoms [3,4]. Hurler syndrome manifests during the first year of life 

with significant abnormalities in stature, coarse facial features, cognitive impairment, and 

multiorgan dysfunction, resulting in mortality usually within the first 10 years of life in 

patients without treatment [5,6].

Hematopoietic stem cell transplantation (HSCT) and enzyme-replacement therapy (ERT) 

are approved treatments for MPS I. However, HSCT is the only treatment that successfully 

halts multisystem dysfunction by replacing hematopoietic cell lineages with IDUA enzyme-

containing cells from a donor, penetrating the blood-brain barrier to stop cognitive decline. 

In contrast, ERT addresses only non-neurologic symptoms and requires repeated, regular 

enzyme infusions [7–9]. Previous studies have shown that although GAG levels are rapidly 

reduced in Hurler patients post-HSCT, achieving normal reference ranges for GAG levels 

can take time, signifying residual disease activity despite successful transplantation [10,11].

Bloodstream infection (BSI) is a serious complication of HSCT, contributing to poor 

outcomes and transplantation-related morbidity and mortality, occurring in approximately 

15% to 35% of the pediatric HSCT recipients [12–15]. Previous studies in pediatric HSCT 

recipients have shown strong associations between the development of BSI and several 

HSCT complications, including transplantation-associated thrombotic microangiopathy (TA-

TMA) and graft-versus-host disease (GVHD) [12,16,17]. The intestinal epithelium can be 

damaged in TA-TMA and GVHD, leading to bacterial translocation and subsequent BSI. 

The use of immunosuppressants to treat GVHD and eculizumab to treat TA-TMA also may 

contribute to increased susceptibility to BSI in HSCT recipients [13,18]; however, there is 

a lack of data on BSI in patients with Hurler syndrome. We conducted a case review of 

Hurler syndrome patients undergoing HSCT to better understand the incidence of BSI in 

these patients.
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METHODS

We conducted a retrospective case-cohort study of 25 patients with Hurler syndrome who 

underwent allogeneic HSCT at Cincinnati Children’s Hospital Medical Center between 2013 

and 2020. Patient BSI data were collected through the first year post-HSCT. Variables, 

including patient demographics and transplantation-related characteristics, were collected. 

Data on BSI and mortality were also collected. Antimicrobial prophylaxis reflected our 

center’s usual transplantation practice, including levofloxacin for antibacterial prophylaxis 

through neutrophil engraftment, antifungal prophylaxis with voriconazole or posaconazole, 

and acyclovir prophylaxis for HSV prophylaxis and pentamidine for Pneumocystis 
pneumonia prophylaxis. All patients received calcineurin-based GVHD prophylaxis.

The currently accepted clinical criteria were used to diagnose acute GVHD, TA-TMA, 

and engraftment syndrome in HSCT recipients [16,17,19]. The National Healthcare Safety 

Network definitions were used for BSI classification [20].

RESULTS

Twenty-five patients with a total of 28 HSCTs were included in the analysis; the majority 

(n = 17; 68%) were male, with a median age of 1.1 years (IQR, .35 to 1.44 years). 

All patients underwent allogeneic HSCT. Patient demographics and transplantation-related 

characteristics are summarized in Table 1. The majority of patients received a myeloablative 

conditioning regimen (n = 18; 64%), with the rest receiving a reduced-intensity regimen (n 

= 10; 36%). The most common graft source was cord blood (n = 15; 54%), followed by 

bone marrow (n = 13; 46%), with the majority from matched unrelated donors (n = 16; 57%) 

and mismatched unrelated donors (n = 11; 39%). The overall survival (OS) rate at 1 year 

post-transplantation was 100%. BSI outcomes are summarized in Table 2. Three patients 

(12%) had 2 HSCTs; none had a BSI after their second transplantation.

Sixteen BSIs were diagnosed in 12 out of the 25 patients (48%). Nine patients (36%) had 

1 BSI, and 3 patients (12%) had more than 1 BSI. Of the 16 infections, 3 (18.8%) were 

polymicrobial. Thirteen different organisms were identified, with Staphylococcus aureus (n 

= 4; 25%) and Klebsiella pneumoniae (n = 3; 12%) reported most often. The median time to 

infection was 52.5 days (IQR, 6.5 to 128.5 days). Seven infections (43.8%) were diagnosed 

in the first 20 days post-transplantation, with fewer infections being observed at later time 

points. Further information on the time to diagnosis for BSI is summarized in Figure 1.

The majority of BSIs occurred in patients who underwent HSCT with a matched unrelated 

donor (n = 11; 69%), followed by a mismatched unrelated donor (n = 4; 25%) and a matched 

related donor (n = 1; 6%). Furthermore, more BSIs were diagnosed in patients who received 

cord blood grafts (n = 10; 63%) than in patients who received bone marrow grafts (n = 6; 

37%). Eleven patients (69%) received a myeloablative conditioning regimen, and 5 (31%) 

received a reduced-intensity conditioning regimen.

Six of 25 patients (24%) were diagnosed with GVHD at day +100. Of the 6 patients with 

GVHD, only 2 also had a BSI. Of those 2, 1 patient had grade I GVHD (50%), and the 

other had grade IV (50%). Additionally, 9 of the 25 (36%) were diagnosed with TA-TMA. 
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Seven of these patients (78%) had both TA-TMA and a BSI, 3 of who were treated 

with eculizumab. These 3 patients had a BSI diagnosis before their TA-TMA diagnosis 

and eculizumab therapy. The other 4 patients with TA-TMA and a BSI did not receive 

eculizumab therapy. Only 1 patient was diagnosed with both GVHD and TA-TMA (14%).

Of the 7 patients diagnosed with TA-TMA and a BSI, 3 had methicillin-sensitive 

Staphylococcus aureus, 2 had Escherichia coli, and 2 had Klebsiella pneumoniae. The 2 

BSIs that contained Escherichia coli and the 3 BSIs from methicillin-sensitive S. aureus 
were found only in patients who also developed TMA.

DISCUSSION

This is the first study investigating the incidence of BSI in pediatric patients with Hurler 

syndrome who were treated with HSCT. Compared to previous published studies, the 

incidence of BSI was higher in this cohort of patients compared to the general population of 

HSCT recipients [12,13]. Given the high incidence of BSI in patients with Hurler syndrome, 

it is reasonable to suspect that their higher infection rates can be attributed to some aspect of 

their Hurler diagnosis.

The patients with Hurler syndrome showed similar trends as seen in pediatric HSCT 

recipients regarding the high number of patients with both a BSI and TA-TMA [21]. 

Previous studies from our center found a strong association between BSI and TA-TMA 

[12,21]. Our study supports these findings and reports a strong association between BSI 

and TA-TMA in the Hurler patient population. However, the patients from our study were 

diagnosed with BSI before their TA-TMA diagnosis and eculizumab treatment. This finding 

warrants further investigation into possible Hurler-related factors contributing to BSI.

When considering the time to infection in Hurler patients, it may be essential to note 

how long their GAG levels take to reach normal reference levels. Previous research states 

that immune function is likely to be compromised in patients with MPS-I due to the 

lysosome’s integral role in many immune processes [4]. GAG levels may take time to 

normalize post-HSCT; therefore, it is reasonable to suspect that the lysosome’s role in 

bacterial protection is suboptimal, causing increased susceptibility to infection in patients 

with Hurler syndrome. Future investigation evaluating GAG levels in Hurler patients at set 

time points after transplantation would be useful to further evaluate their increased risk of 

infection.

Our findings highlight the high rate of post-HSCT BSI in the Hurler syndrome population 

that had not been reported previously. This study has some limitations, however. Given 

the rarity of Hurler syndrome, the available sample of patients to evaluate is limited. Our 

data come from a single center, and so our findings might not be generalizable to other 

institutions with varying prevalence rates HSCT in Hurler patients. Although we found 

higher rates of BSI in Hurler patients, our study is a retrospective observational study and 

cannot determine causality. Further investigation and analysis are required to determine the 

relationship between BSI and Hurler syndrome.
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Figure 1. 
Time to infection post-transplantation.
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Table 1

Demographic Data of the Study Patients (N = 25)

Demographic Value

Male sex, n/N (%) 17/25 (68)

Age, yr, median (IQR) 1.07 (.35–1.44)

Total number of transplantations 28

 Patients with 2 transplantations 3

HLA match (including both bone marrow and cord blood), n/N (%)

 Matched unrelated 16/28 (57)

 Mismatched unrelated 11/28 (39)

 Matched related 1/28 (4)

Stem cell source, n/N (%)

 Cord blood 15/28 (54)

 Bone marrow 13/28 (46)

Conditioning regimen, n/N (%)

 Myeloablative 18/28 (64)

 Reduced intensity 10/28 (36)

Conditioning regimen, n/N (%)

 Busulfan, cyclophosphamide 13/28 (46)

 Campath, fludarabine, melphalan 8/28 (28)

 Busulfan, cyclophosphamide, ATG 3/28 (11)

 Busulfan, fludarabine, ATG 3/28 (11)

 Busulfan, Campath, fludarabine 1/28 (4)

GVHD prophylaxis, n/N(%)

 Calcineurin-based 28/28 (100)

GVHD post-transplantation, n/N (%)

 GVHD at day 100 6/25 (24)

 GVHD grade 1–2 4/6 (57)

 GVHD grade 3–4 2/6 (33)

 GVHD skin 5/6 (83)

 Stage 1–2 3/5 (60)

 Stage 3–4 2/5 (40)

 GVHD gut 1/6 (17)

 Stage 1–2 1/1 (100)

 Stage 3–4 0/1 (0)

 Hurler patients with both GVHD and a BSI 2/6 (33)

  Grade 1 1/2 (50)

  Grade 4 1/2 (50)

Other transplantation complications, n/N (%)

 Engraftment syndrome 8/25 (32)
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Demographic Value

 Patients with engraftment syndrome and a BSI 2/8 (25)

 Patients with engraftment syndrome and TA-TMA 0/8 (0)

 TA-TMA 9/25 (36)

  Patients with TMA and a BSI 7/9 (78)

  Patients with TMA and a BSI treated with eculizumab 3/7 (43)

  Patients with GVHD and TA-TMA 1/7 (14)

ATG, antithymocyte globulin; MBI, mucosal barrier injury; LCBI, laboratory-confirmed bloodstream infection.
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Table 2

BSI Outcomes

BSI Information Value

Hurler patients with a BSI, n/N (%) 12/25 (48)

Total BSIs 16

BSIs by stem cell source, n/N (%)

 Cord blood 10/16 (63)

 Bone marrow 6/16 (37)

BSIs by conditioning regimen, n/N (%)

 MAC 11/16 (69)

 RIC 5/16 (31)

BSIs by HLA matching, n/N (%)

 Matched related 1/16 (6)

 Matched unrelated 11/16 (69)

 Mismatched unrelated 4/16 (25)

Infection type, n/N (%)

 Monomicrobial infections 3/16 (81)

 Polymicrobial infections 3/16 (19)

Organisms identified, n (%) 20

 Staphylococcus aureus 4 (20)

 Klebsiella pneumoniae 3 (15)

 Escherichia coli 2 (10)

 Staphylococcus epidermidis 2 (10)

 Actinomyces odontolyticus 1 (5)

 Enterococcus faecalis 1 (5)

 Moraxella osloensis 1 (5)

 Pseudomonas aeruginosa 1 (5)

 Coagulase-negative Staphylococcus 1 (5)

 Staphylococcus haemolyticus 1 (5)

 Streptococcus agalactiae 1 (5)

 Streptococcus mitis/oralis 1 (5)

 Streptococcus viridans 1 (5)

Time to infection, d, median (IQR) 33 (6.5–128.5)

MAC indicates myeloablative conditioning; RIC, reduced-intensity conditioning.
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