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Clinical History
A 9-month-old female with flared ribs and kyphosis of the 
spine was referred for a medical genetics consultation based on 
a recent diagnosis of mucopolysaccharidosis IVA (MPS IVA) 
in a consanguineous 3-year-old sibling who exhibited similarly 
flared ribs and kyphosis as well as platyspondyly, genu valgum, 
dystrophy of the femoral heads, and short stature in the absence 
of observable cognitive impairment (Table 1). A sagittal T2 
fat-suppressed image obtained from the younger sibling at 
20 months of age demonstrating a classical cartilage cap caus-
ing mild narrowing at the craniocervical junction is shown in 
Figure 1a. Typical thoracolumbar spine changes and increased 
acetabular angles are evident in the lateral spine and pelvis 
radiographs in Figure 1b and c.

A diagnosis of MPS IVA in the older sibling was supported 
by elevated quantitative urinary glycosaminoglycan (GAG) 
concentration (20.4 mg/mmol creatinine; reference range 
⩽16 mg/mmol) without qualitative increases in individual 
GAGs by qualitative electrophoresis. The MPS IVA diagnosis 
was finalized based on the results from a direct whole blood 
N- acetylgalactosamine-6-sulfatase (GALNS) enzyme activity 
assay demonstrating severely deficient GALNS activity 
(0.7054 nmol 4 MU (4-methylumbelliferone) released/h/mg; 
reference range 82.9-254.3 nmol 4 MU/h/mg). To confirm a 
preliminary diagnosis of MPS IVA in the younger sibling, a 
direct enzyme activity assay was conducted using a leukocyte 

sample which resulted in a GALNS activity of 1.0 nmol 4 MU 
released/h/mg (reference range 82.9-254.3 nmol 4 MU/h/mg), 
indicating nearly complete loss of GALNS activity. The 
GALNS genetic sequencing results using polymerase chain 
reaction (PCR) coupled with capillary electrophoresis revealed 
14 identical GALNS variants (6 of which were intronic) in both 
siblings, including a heterozygous Gly247Asp variant known 
to be pathogenic1 and a heterozygous Tyr240Cys variant pre-
dicted to be pathogenic through amino acid substitution analy-
sis.2 The patients’ other genetic variants were of unknown 
significance.

The patient was provided supportive treatment as needed 
for complications of MPS IVA including pain medication and 
close follow-up by cardiac, pulmonary, ENT, and other special-
ists. Frequent ear and lung infections were treated as needed, 
and surgical repair of the eardrum, and surgery for closure of 
the ductus arteriosus was performed. The patient was enrolled 
in a Phase 3 enzyme replacement therapy (ERT) clinical trial 
of elosulfase alfa (Vimizim®), a recombinant GALNS enzyme, 
to reduce the severity of MPS IVA symptoms. The elosulfase 
alfa dosage and administration were adjusted based on the 
response to treatment, and the therapeutic regimen included 
monthly urinary GAG testing using 24-hour urine samples. 
ERT treatments are continued to date.

Prior to the availability of more sensitive and specific ana-
lytical methods, the urine samples were tested in 3 different 
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reference labs with the use of a cetylpyridinium chloride (CPC) 
with carbazole or a dimethylene blue (DMB) assay (Figure 2). 
Total urinary GAG concentrations were measured using the 
DMB method a total of 17 times over a period of 32 months at 
Reference Lab 1 and a total of 36 times over a period of 

73 months at Reference Lab 2 (Figure 2a). As an example of 
the variability in the performance of the DMB method, the 
urinary GAG concentration in 1 sample was determined to be 
within the reference range when analyzed at Reference Lab 1 
(15.2 mg/mmol Cr; reference range 5.2-16.7 mg/mmol Cr), 

Table 1. Patient Demographic Information and Testing Results at Time of Diagnosis and Following MPS IVA Treatment Initiation.

YoUNGER SIbLING oLDER SIbLING

birth length 57.2 cm 58.4 cm

birth weight 4.8 kg 4.3 kg

Presentation at diagnosis

 Age 9 months 3 y

 Height 75.5 cm 100.0 cm

 Weight 8.5 kg 19.0 kg

 Symptoms  •  Slightly flared ribs and mild to moderate 
lumbar kyphosis

 •  Inferior rib flaring and marked, moderate 
spinal kyphosis

 •  Slightly delayed developmental milestones 
of sitting upright and bearing weight

 •  Normal developmental milestones; slight 
limping gait with genu valgum

 • Neurologically interactive  • Normal cognitive development

 • Shortened neck and extremities

 • Generalized platyspondyly

 • Motor weakness

 • Leg pain with decreased endurance

 • Hyperlaxity of arm and shoulder joints

 uGAG NA* Initial: 20.4 ng/mmol (⩽16)

Resample (1 mo later): 40.0 ng/mmol (⩽16)

 Enzyme concentrations  •  GALNS: 1.0 nmol 4MU/h/mg protein 
(82.9-254.3).

 • ß-Galactosidase: NA*

 •  GALNS: 0.7 nmol 4MU/h/mg protein 
(82.9-254.3)

 •  ß-Galactosidase: 75.1 4MU/h/mg protein 
(24.4-196.3)

  GALNS sequencing (known causative 
mutations)

 • p. Gly247Asp
 • p. Tyr240Cys

 • p. Gly247Asp
 • p. Tyr240Cys

Treatment response assessment  

 Duration of ERT 7 y  

 Duration of GHT 2 y  

 Height 8 y old: 131.3 cm  

9 y old (1 y after GHT): 137.0 cm  

 Weight 8 y old: 25.9 kg  

9 y old (1 y after GHT): 30.5 kg  

 IGF concentrations 6 y old: 148 ng/dL (45-316)  

8 y old: 170 ng/dL (76-424)  

9 y old (1 y after GHT): 313 ng/dL (99-432)  

Abbreviations: NA*, test not performed. Reference ranges are shown in parentheses. uGAG, urine glycosaminoglycan; ERT, enzyme replacement therapy; GHT, growth 
hormone replacement therapy; IGF, insulin growth factor; 4MU, 4-methylumbelliferone.
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but the concentration was 34% above the reference range when 
the same sample was analyzed at Reference Lab 2 (21.5 mg/
mmol Cr; reference range ⩽16.0 mg/mmol Cr). Other similar 
discrepancies in urinary GAG concentrations were observed 
when comparing the results from the DMB method with the 
results from the CPC method. In one urine sample measured 
using the DMB method, the GAG concentration was 23.6 mg/
mmol Cr (reference range ⩽16.0 mg/mmol Cr), whereas the 
GAG concentration in the same sample analyzed using the 
CPC method was 1.1 mg/mmol Cr (reference range ⩽8.7 mg/
mmol Cr). All urine specimens tested by the CPC method 
were also assayed using electrophoresis, and they were noted to 
have qualitatively increased chondroitin-6-sulfate (C6S) and 
keratan sulfate (KS) concentrations (Figure 2b). Four of the 
nine urine samples analyzed using the CPC method had total 
urinary GAG concentrations within the reference range despite 
having qualitatively increased C6S and KS concentrations as 
determined by electrophoresis.

Patient Follow-up
The increasing role of liquid chromatography tandem mass 
spectrometry (LC-MS/MS) in the clinical laboratory has led 
to the enhanced analytical sensitivity and specificity of many 
assays, including those that are used to monitor urinary GAG 
concentrations. Beginning 6 years (74 months) after the 
patient’s urinary GAG concentrations were initially monitored 
on a monthly basis using the DMB and/or CPC method, 
assessment of the patient’s urinary GAG concentration has 
been conducted using LC-MS/MS on an approximately 
monthly basis (Figure 3). Details of the LC-MS/MS testing 
methodology are not provided due to the proprietary nature of 
the method. To date, the dermatan sulfate (DS) and heparan 
sulfate (HS) concentrations in each urine specimen have been 
within the respective reference ranges as expected for MPS 
IVA, whereas the C6S and KS concentrations have been above 

the respective reference ranges. Due to the large contribution 
of C6S to the total GAG concentration, small elevations of KS 
above the reference range, such as at month 77, could appear 
normal when evaluating the total GAG concentration whereas 
evaluation of individual GAG concentrations could identify 
the abnormally increased KS (Figure 3).

At 8 years of age, the patient was evaluated for growth hor-
mone deficiency (GHD) due to concerns regarding decreased 
growth velocity (Figure 4) and IGF-1 concentrations (Table 1) 
that were within the age-related reference ranges but not 
increasing with approach to puberty. Random measurement of 
growth hormone was not conducted due to its pulsatile secre-
tion. In the absence of stimulation, measurements of growth 
hormone concentrations in the blood are difficult to interpret 
and have little clinical utility. A growth hormone stimulation 
test was conducted to assess the anterior pituitary’s ability to 
secrete sufficient growth hormone in response to intravenous 
administration of clonidine and arginine (Figure 5). Growth 
hormone was measured at 30-minute intervals over a span of 
4 hours. The growth hormone stimulation test results showed a 
peak of 8.6 ng/mL in response to clonidine and a peak of 
5.9 ng/mL in response to arginine. A response of <10 ng/mL 
to both tests was consistent with GHD and the patient was 
prescribed Somatropin as part of her growth hormone replace-
ment therapy (GHT). Within 1 year of the commencement of 
GHT, the patient’s IGF-1 concentrations increased from 
170 ng/dL at 8 years of age (4 months prior to GHT) (refer-
ence range: 58-367 ng/dL) to 313 ng/dL at 9 years of age (ref-
erence range: 99-432 ng/dL). GHT is continued to date.

The patient is continuing weekly elosulfase alfa infusions 
which have been well-tolerated based on the absence of fever, 
chills, productive cough, abnormal vital signs, night sweats, 
chest pain, decreased appetite, and unexplained weight loss or 
fatigue. ERT has been generally effective in managing her 
MPS IVA symptoms. Daily Somatropin injections have also 

Figure 1. Representative MRI and x-ray images demonstrating classical MPS IVA features. (A) Sagittal T2 fat-suppressed image obtained at 20 months 

of age demonstrating a classical cartilage cap (arrow) causing mild narrowing at the craniocervical junction. (b) Lateral spine radiograph obtained at 

4 years of age demonstrating typical thoracolumbar spine changes including anterior vertebral body beaking (dashed arrows) and a short vertebral body/

gibbus deformity (arrow) resulting in acute kyphosis. (C) Pelvis radiograph obtained at 4 years of age demonstrating the classic appearance of increased 

acetabular angles (arrowheads).
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continued without any adverse medical complications. The 
prescribed dose of Somatropin is being maximized to coincide 
with her rapid growth plate maturation during puberty, and her 
height is within the 40th percentile of healthy females.

Laboratory Role in Diagnosis and Treatment of MPS 
IVA
Given that MPS IVA is primarily caused by the excess build-
up and deposition of KS in cartilaginous tissue, urine screening 
methods which seek to detect MPS disorders based on total 
GAG concentration alone may result in false negative MPS 
IVA diagnoses due to the smaller contribution of KS to the 
total GAG concentration as opposed to other GAGs such as 
DS and HS that contribute to the pathophysiology of other 

MPS disorders.4 In these cases, qualitative tests such as thin-
layer chromatography (TLC) or urine electrophoresis facilitate 
the improved detection of KS in the urine despite normal total 
GAG concentration. LC-MS/MS has become more frequently 
used due to the increased accuracy of results as well as its ability 
to measure individual GAG subclass concentrations as opposed 
to total GAG concentration. GAG subclass quantification by 
LC-MS/MS can be conducted using several specimen types 
including serum, urine, CSF, and tissue. Various LC-MS/MS 
techniques have been developed for GAG subclass quantifica-
tion and they differ based on the associated ionization method, 
sample preparation procedure, accuracy, and turnaround time.5,6

The screening methods for MPS IVA include the use of 
CPC with carbazole, dye-specific methods such as DMB, 

Figure 2. Urine GAG measurements. Urinary GAG concentrations were measured using the DMb (A) and CPC (b) method. The younger sibling was 

receiving ERT at all times of measurement.
Abbreviation: Cr, creatinine.
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paper and thin layer chromatography, enzyme-linked immuno-
sorbent assay, capillary electrophoresis, and various mass spec-
trometry-coupled methods.5 The CPC method is based on the 
precipitation and isolation of GAGs present in a urine speci-
men and their subsequent reaction with a carbazole reagent to 
produce a green pigment that is directly proportional to GAG 
concentration. The reaction is then measured by spectropho-
tometry. A more recently developed version of the CPC 
method entails the addition of the precipitated GAGs to a cit-
rate buffer followed by the spectrophotometric measurement 
of the solution based on turbidity.7-9 However, the CPC 
method is associated with a high false negative rate of 11% to 
30%.10 The alternative DMB method is a dye-binding method 
wherein urinary GAGs react with DMB to produce a color 
change measurable by spectrophotometry.8,9,11 The false-nega-
tive rate of MPS IVA diagnosis using the DMB method was 
observed to be as high as 65%.12 The false- negative results 
associated with the DMB method are potentially due to mac-
romolecular aggregates that are formed by electrostatic interac-
tions with collagen, glycoproteins, albumin, or other serum 
proteins which could modify the physicochemical properties of 
GAGs.13 Although the DMB method is the most widely used 
analytical method for urinary GAG quantification, LC- MS/
MS methods are increasingly used in clinical laboratories due 
to their improved accuracy, sensitivity, and specificity.4,14 
Irrespective of the method used to quantify GAGs in urine, the 
interpretation of the results can be complicated by the age-
specific reference ranges.15

The screening methods for diagnosing MPS IVA have less 
than ideal reliability, but the tests are also challenged by the 
difficulty in preserving specimen integrity and the consistency 
between clinical laboratories that use different methods. Dried 

whole blood spot patient samples can be sent to reference labo-
ratories for direct enzyme activity assays, but GALNS enzyme 
activity can appear falsely decreased if the sample is exposed to 
high heat during transportation to the laboratory where the 
test is conducted.16

To confirm a positive urinary GAG screening test or the 
results from direct testing when evaluating the sibling of an 
affected individual with a confirmed MPS IVA diagnosis - as 
was the case for the patient presented in this case report—a 
GALNS enzymatic activity assay using fibroblasts or leuko-
cytes from a concentrated whole blood sample or skin biopsy is 
performed. Although fibroblasts and leukocytes are the pre-
ferred cell types for measuring GALNS activity, the tissue or 
blood sample required for the test must be obtained using inva-
sive procedures, which are particularly concerning for young 
patients.16 Consequently, GALNS activity assays using these 
specimens are not among the MPS IVA screening methods. 
After confirming decreased GALNS activity, molecular 
sequencing can be used to identify genetic variants that cause 
the enzyme dysfunction.

Discussion
MPS IVA can be difficult to diagnose due to the broad spec-
trum in presentation of the disease as well as its similarity to 
other genetic skeletal disorders.17 Cases that lack signature fea-
tures of MPS IVA such as genu valgum or atlantoaxial instabil-
ity or are not assessed by complete radiographic analysis may 
have a delayed diagnosis.17 As a finalized diagnosis of MPS 
IVA relies on screening for increased KS concentration with no 
increase in DS or HS concentration, the CPC and DMB 
methods of analyzing urine are widely used for the preliminary 
identification MPS IVA. However, the high false negative rates 

Figure 3. Urinary creatinine-normalized GAG concentrations determined by an LC-MS/MS-based laboratory developed test using enzymatic digestion of 

GAGs. Creatinine concentrations were determined using an enzymatic method conducted on an automated chemistry analyzer.
Dermatan Sulfate (DS), Heparan Sulfate (HS), Chondroitin-6-Sulfate (C6S), and Keratan Sulfate (KS) concentrations of different 24-hour urine specimens were 
measured by LC-MS/MS.
Reference Ranges: DS (⩽1.00 mg/mmol Cr), HS (⩽0.25 mg/mmol Cr), C6S (⩽2.50 mg/mmol Cr), KS (⩽0.50 mg/mmol Cr). The patient was receiving ERT at all times of 
measurement. Cr, creatinine.
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of these tests threaten the ability to accurately diagnose MPS 
disorders. With the increased use of LC-MS/MS due to its 
adaptability to test multiple sample types and measure GAGs 
by subclass, the capability to correctly diagnose MPS disorders 
has increased in recent years.18

One of the greatest barriers to diagnosing MPS IVA is 
accurately identifying elevated KS despite its minimal contri-
bution to total GAG quantification. A method proposed by 

Lin et  al19 suggests normalizing KS to CS concentration as 
opposed to creatinine concentrations due to age-, hydration-, 
renal state-, and muscle mass-based variations in creatinine 
concentration. However, there is a lack of consensus regarding 
whether urine KS concentrations are reliable for assessing 
patient status. KS is regularly stored in chondrocytes and the 
extracellular matrix, but in MPS patients where KS is not 
properly degraded, intact KS, instead of its degradation 

Figure 4. MPS IVA female height (A, b) and weight (C, D) growth charts of the older and younger siblings. 50*, the thicker line in each chart represents 

the 50th percentile height (A, b) or weight (C, D) of healthy females without MPS IVA. Figure modified with permission from American Journal of Medical 

Genetics Part A.3
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products, is secreted into the blood at an increased rate. Patients 
with elongating long bones, particularly patients from ages 5 to 
15, have significantly higher blood and urine KS concentra-
tions due to the rapid degradation and replacement of carti-
laginous tissue, which explains why individuals outside of this 
age range are likely to have KS concentrations closer to the 
reference ranges for healthy individuals.20 There is a poor cor-
relation between blood KS and urine KS concentrations with 
indications that urine KS concentrations may not be depend-
ent on glomerular filtration and may originate in the kidney as 
opposed to blood KS origination.20-22 For these reasons, blood- 
based KS quantification has become more widely adopted due 
to its capability to better represent systemic KS levels.23 GAGs 
were only measured in urine samples, and not blood samples, 
for the patient described in this case study.

C6S is known to accumulate along with KS in MPS IVA 
patients, but it is not as frequently assayed as other GAGs such 
as KS due to its in vivo degradation by enzymes other than 
GALNS, its implication in other MPS disorders, and the his-
tory of its assay relying on a radio-labeled substrate.4 However, 
C6S is very relevant for distinguishing cases of MPS IVA from 
MPS IVB, and other applications for C6S quantification have 
been proposed. Shimada et  al24 explored the utilization of a 
C6S assay to identify cases of MPS IVA, and Lin et al19 studied 
the normalization of KS to C6S to improve the consistency of 
urinary GAG assays that commonly entail normalization to 
creatinine.

In the case presented here, the diagnosis of the patient was 
reliant on the correct diagnosis of the older sibling with MPS 
IVA. The older sibling’s quantitative urine GAG screening 
results were slightly above the reference range and they were 
associated with ambiguous urinary GAG qualitative electro-
phoresis results. Confirmatory testing by direct enzyme activity 

analysis was performed to ensure a true positive diagnosis of 
MPS IVA. Although urinary GAG screening was not per-
formed as part of the diagnostic workup of MPS IVA in the 
younger sibling, a direct GALNS enzyme activity analysis was 
conducted which confirmed the MPS IVA diagnosis based on 
severely reduced GALNS activity.

The height of the patient featured in this case report exceeds 
the average height of MPS IVA patients as seen in Figure 4;3 
however, she was diagnosed with a GHD. The incidence of 
GHD in individuals with MPS IVA is not well reported in the 
literature,25,26 possibly due to the difficulty in evaluating patient 
height and growth related to the skeletal abnormalities that are 
associated with MPS IVA or the delayed onset of puberty in 
MPS IVA patients. For monitoring patients diagnosed with 
MPS IVA, with the approval of elosulfase alfa to reduce the 
severity of MPS IVA symptoms, regular urine GAG quantifi-
cation is commonly used to monitor the effects of ERT in 
reducing urinary KS concentration. Less severe MPS IVA 
symptom manifestation could be associated with decreased KS 
deposition in cartilaginous tissues as evidenced by reduced uri-
nary KS concentrations.14 During Phase 3 elosulfase alfa ERT 
clinical trials, physicians noted that all patients produced anti-
bodies, including those of the IgE subclass, in response to this 
treatment with no significant effect on drug efficacy or patient 
health,27 but the occurrence of a rare transfusion reaction dur-
ing intravenous administration of the recombinant enzyme 
might require specialized assays such as IgE quantification or 
drug immunogenicity tests.

ERT has been shown to improve the quality of life for MPS 
IVA patients by decreasing incidences of infection and pain 
while increasing physical endurance. For the patient who is the 
focus of this case report, it is difficult to determine whether 
decreased urine KS concentrations are directly attributable to 

Figure 5. Growth hormone stimulation test results. Peak values < 10 ng/mL after administration of clonidine and after arginine indicate growth hormone 

deficiency.
Abbreviation: GH, growth hormone.



8 Clinical Medicine Insights: Case Reports 

ERT as all urine quantifications were performed after the start 
of ERT. However, some degree of KS decrease is expected based 
on the conclusions from ERT clinical trials.27 The pharmaco-
dynamics of ERT and its effects on body GAG concentrations 
have not yet been fully elucidated. Khan et al14 performed KS 
quantification using urine and blood samples of patients treated 
with ERT and they noted a decrease in urine KS concentrations 
without a concomitant change in blood KS concentrations. The 
results from another ERT study showed a limited effect of ERT 
on bone and cartilage metabolism with an increase in PIIANP 
(type IIa collagen N propeptide) in an early dose-escalation 
trial.28 The results from subsequent studies of the efficacy of 
ERT did not indicate any changes in PIIANP or C-terminal 
cross-linked C- telopeptide concentrations, which were used as 
indicators of increased bone and cartilage metabolism.

Hematopoietic stem cell transplantation (HSCT) is also 
worth noting as one of the available treatment options for indi-
viduals with MPS IVA.29 Studies conducted by Yabe et  al30 
have shown a few cases of restoration of complete GALNS 
activity in patients who underwent allogeneic bone marrow 
transplant with successful engraftment. However, HSCT is 
associated with a significant risk of death from graft-versus-
host-disease, other transplant complications, and limited 
effects on pre-existing skeletal dysplasias. ERT remains the 
standard form of treatment for MPS IVA patients due to its 
relative safety and minimal risk.
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