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Context: Cartilage-hair hypoplasia is a rare hereditary cause of short stature. The aim of this study was to familiarize physicians with this 
rare but important disease.
Evidence Acquisition: This article is a narrative review of the scientific literature to inform about clinical features and management of 
Cartilage-hair hypoplasia. A systematic search identified 127 papers include original and review articles and case reports. 
Results: Cartilage-Hair Hypoplasia characterized by short-limb dwarfism associated with metaphyseal chondrodysplasia. The inheritance 
is autosomal recessive. Other findings include hair hypoplasia, anemia, immunodeficiency, propensity to infections, gastrointestinal 
disorders (Hirschsprung disease, anal stenosis, esophageal atresia and malabsorption), defective spermatogenesis, increased risk of 
malignancies and higher rate of mortality. Immunodeficiency in cartilage-hair hypoplasia may be an isolated B-cell or isolated T-cell 
immunodeficiency or combined B and T-cell immunodeficiency; however, severe combined immunodeficiency is rare. There is no 
known treatment for hair hypoplasia. Growth hormone was used with conflicting results for short stature in children with Cartilage-
hair hypoplasia. Skeletal problems must be managed with physiotherapy and appropriate orthopedic interventions. Hirschsprung 
disease, anal stenosis and esophageal atresia should be surgically corrected. Patients with severe hypoplastic anemia require repeated 
transfusions. Bone marrow transplantation may be required for patients with severe combined immunodeficiency or severe persistent 
hypoplastic anemia. Treatment with G-CSF is useful for neutropenia. Patients should be monitored closely for developing malignancy such 
as skin neoplasms, lymphomas and leukemias.
Conclusions: Cartilage-hair hypoplasia is an important hereditary disease with different medical aspects. The high rate of consanguineous 
marriages in Iran necessitates considering CHH in any child with severe short stature or other clinical features of disorder. 
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1. Context 
Cartilage-hair hypoplasia (CHH) or McKusick type me-

taphyseal chondrodysplasia (OMIM disease number 
250250) originally described by Victor McKusick in 1965 
in Amish children. McKusick noticed an association be-
tween short-limbed dwarfism and sparseness of hair in 
old Amish persons and later reported 77 cases (1). The 
inheritance is autosomal recessive. The hallmark of dis-
ease is short-limb dwarfism associated with metaphyseal 
chondrodysplasia. Other findings include hair hypopla-
sia, anemia, immunodeficiency, propensity to infections, 
GI dysfunction (Hirschsprung disease), defective sper-
matogenesis and increased risk of malignancies. Later 
the disease has been described in non-Amish persons in 
the United States, Europe and Mexico (2, 3). The Amish is 
a religious group living in Lancaster County, Philadelphia. 
Inbreeding within the community has resulted in two rare 
forms of autosomal recessive dwarfism (CHH and Ellis Van 
Creveld dwarfism) occurring with unusual frequency. In 
the Amish population, the incidence was estimated at 1 per 
1340 person and a carrier frequency of 1 per 19 (4). In other 

study on the Amish population, the incidence was estimat-
ed as 1-2: 1000 and a carrier frequency of 1: 10 (1). Another 
accumulation of the disease has been reported in Finland; 
the incidence was estimated as 1: 23000 live births and the 
carrier rate of 1:76 (5). The incidence in other populations 
is low (French, Dutch, British, Danes, Germans, Italians, 
Spanish, Polish and Mexicans) (5). The frequency is equal 
in male and female (according to autosomal recessive in-
heritance). We previously reported the first case of CHH 
in Iran (6). There is no recent review article about clinical 
features and management of CHH as searched in the lit-
erature. The aim of this study was to familiarize physicians 
with this rare but important disease.

2. Evidence Asquisition
This article is a narrative review of the scientific litera-

ture to inform about clinical features and management 
of Cartilage-hair hypoplasia. A systematic search identi-
fied 127 papers include original and review articles and 
case reports. Nine review articles were found, last of them 
published three years ago (7).
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3. Results
Cartilage-hair hypoplasia is caused by a mutation in the 

RMRP gene (the ribonuclease mitochondrial RNA pro-
cessing gene), mapped to 9p12 (4, 8). RMRP gene encodes 
the untranslated RNA component of RNase mitochon-
drial RNA processing complex (RNase MRP) that has two 
functions; cleavage of RNA in mitochondrial DNA syn-
thesis and nucleolar cleaving of preribosomal RNA (pre-
rRNA). RMRP is required for cell growth. Clinical features 
relatively depend on RNase MRP function. The severity of 
skeletal dysplasia correlates with the rRNA cleavage activ-
ity, whereas significant reduced mRNA cleavage activity is 
essential for immunodeficiency (9).

3.1. Clinical Features

3.1.1. Short Stature
The hallmark of disease is short-limb dwarfism asso-

ciated with metaphyseal chondrodysplasia seen in all 
patients. Prenatal growth failure is characteristic. Short-
ness of limbs or stature or both was noticed in 76% of af-
fected neonates, reached to 98% by the age of one year 
in 108 Finnish patients (birth length was below -2.0 SD 
in 70% of patients) (10, 11). Affected newborns have short 
and pudgy hands, and redundant skin folds around the 
neck and extremities. The pubertal maturation is nor-
mal; however, pubertal growth spurt is weak or absent 
resulting in progressive growth failure. Relative length 
of the humerus, radius, ulna, tibia and fibula decreases 
rapidly in early childhood and again at puberty. Relative-
ly short and broad phalanges of the hands are observed. 
The disproportionate short stature is due to a long trunk 
but short limbs. Proportionate short stature has been re-
ported in some patients (11-13).

Mean relative weight is above the normal mean and 
is further increased at puberty; most adult patients are 
obese (10). Average height in adulthood is 122.5 cm for 
females and 131.1 cm for males ranged from 103.7 cm to 
149.0 cm (10, 14). In other studies, final height of 107-157 
cm (40-60 inch) was reported (adult heights ranged from 
-11.4 to -5.2 SD) (11, 14). Head size is within the normal refer-
ence range at all ages (10).

3.1.2. Hair Hypoplasia
Hair hypoplasia is characteristic in CHH patients; fine, 

sparse and light colored hair of the scalp, eyebrows and 
eyelashes is evident at birth and throughout the life and 
the hair lacks a central pigmented core with an abnormally 
small caliber on microscopic examination (Figure 1). Body 
hair is also affected; hair may darken with age. The hair was 
normal in six patients (7%) of 108 Finnish patients (1, 10).

3.1.3. Joints and Skeleton
Skeletal features include increased lumbar lordosis, lig-

amentous laxity, mild platyspondylia and mild scoliosis

Figure 1. An Iranian Patient; Hair of the Scalp, Eyebrows and Eyelashes is 
Light, Fine and Sparse

(that may cause arthralgic pains in knees, ankles or lum-
bar spine), bowing of the lower limbs and chest deformi-
ty (flaring of lower rib cage, narrow thorax, prominent 
sternum, Harrison’s grooves). Bow legs may necessitate 
corrective osteotomy (in 14% of the Finnish patients) (11). 
In 108 Finnish patients, increased ligamentous laxity was 
present in 95%, limited extension of the elbows in 92%, 
increased lumbar lordosis in 85%, thoracal deformity 
in 68%, genu varum in 63% and scoliosis in 21% of the pa-
tients (11).

3.1.4. Gastrointestinal Disorders
There are several reports of Hirschsprung's disease in 

patients with CHH (1, 11, 15-22). Eight patients from 108 
Finnish patients (7%) had Hirschsprung's disease and 
one patient had anal stenosis and one esophageal atre-
sia (11). Primary malabsorption was not observed in any 
of 108 Finnish patients, although, gastrointestinal infec-
tion was confirmed in two patients with symptoms of 
malabsorption (11). In the report of Makitie et al. (1965) 
one of the 77 Amish CHH patients had celiac disease and 
in five other patients malabsorption was suspected (11). 
Therefore, primary malabsorption is only exceptionally 
associated with CHH; mimicking symptoms may result 
from an underlying gastrointestinal infection. Fryns et 
al. reported seven CHH patients with splenomegaly, hy-
persplenism and portal hypertension (23).

3.1.5. Anaemia
Hypoplastic anemia is observed in most patients, usu-

ally as mild macrocytic or normocytic anemia in early 
childhood and often disappears by the age of 2-3 years. 
However, some patients showed severe anemia, which 
was permanent in more than 50% of patients (24). Mac-
rocytic anemia reported in CHH patients is unrelated to 
vitamin B12 or folate deficiency (13, 15, 24-26). Anemia oc-
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curred in 79% of 108 Finnish patients, which was severe in 
14 patients (16%) (hemoglobin value 3-7.5 g/dL) (11). Mac-
rocytosis may be seen without anemia. The reticulocyte 
index was low considering the hemoglobin value (11). 
Routine bone marrow examination is not recommend-
ed. Williams et al. reported 12 CHH patients with severe 
anemia (defined as hemoglobin < 3.0 g/dL or a history of 
repeated blood transfusions). In 11 patients, anemia de-
veloped before five months of age; one patient developed 
aplastic anemia at 2.5 years of age, 10 patients had nor-
mocytic anemia, but two had macrocytic anemia, five pa-
tients had thrombocytosis. Three patients expired at ages 
2 weeks, 3 months and 6 months, respectively. Spontane-
ous recovery was seen only in two patients, a 13-year-old 
girl and a 40-year-old man (24).

Anemia is probably related to growth hormone parame-
ter. Makitie et al. in a prospective study of 21 patients with 
CHH showed that hemoglobin level in these patients was 
correlated with height, insulin-like growth factor I and 
IGF-binding protein-3. Fetal hemoglobin was increased, 
parallel to decreased hemoglobin (27).

3.1.6. Autoimmune Hemolytic Anemia
At first Ashby et al. reported an 11-month-old CHH girl 

with purpura and thrombocytopenia, five days after a 
mild upper respiratory tract infection. The patient later 
developed autoimmune hemolytic anemia, jaundice and 
hepatosplenomegaly. The anemia had good response to 
corticosteroid therapy in addition with irradiated blood 
transfusion (28). Rider et al. reported an Amish CHH boy 
with autoimmune hemolytic anemia as a complication 
of BMT (29).

3.1.7. Granulomatous Inflammation
Moshous et al. described granulomatous inflamma-

tion as a new feature in patients with CHH. The patients 
had epithelioid cell granulomatous inflammation in 
the visceral organs and skin. TNF-α antagonists therapy 
had some therapeutic effects in their patients, but one 
patient had fatal progressive leukoencephalopathy (30). 
Also, skin granulomatous lesion with severe T cell immu-
nodeficiency described as initial presentation in other-
wise healthy child with short stature (31).

3.1.8. Impaired Spermatogenesis
Only one report is present about spermatogenesis in 

CHH patients. Makitie et al. evaluated eleven adult CHH 
males (21-49 years), all patients had abnormal semen anal-
ysis characterized by low sperm count, decreased motility 
and morphological changes. The testicular size was small 
in some patients, but the serum levels of gonadotropins, 
inhibin B and testosterone were normal. Neither patient 
complained of infertility or erectile dysfunction (32).

3.2. Radiographic Features
The long bones are short and thick for age with irregular 

metaphyseal borders of the growth plates. The metaphy-
seal ends are widened, scalloped and irregularly sclerot-
ic, often with cystic areas; the epiphyses are less affected 
(13). The metaphyseal changes are most evident in the 
knees and ankles; the hips are only mildly affected. De-
layed ossification and trabeculation of the long bones are 
also characteristic findings on X-rays (1, 33). Flaring and ir-
regularity of the ribs at costochondral junction and long 
fibula were reported; anterolateral chest deformity (like 
Harrison grooves) may be seen (1, 5). These radiographic 
features develop by the age of 6-9 months and are diag-
nostic. At adulthood with the closure of the epiphyseal 
plates, metaphyseal irregularities disappear but the ends 
remain somewhat flared and angulated. Hand and wrist 
X-rays may show rachitic changes and may be relatively 
normal. Makitie et al. analyzed 149 skeletal radiographic 
surveys of 82 Finnish CHH patients; skeletal age delay was 
observed in 14% of patients. One-fourth of patients had 
mild scoliosis (5). The spine shows few abnormalities, 
the vertebral bodies are usually normal and caudal wid-
ening of the interpediculate distances (though less ob-
vious than normal) is present in most patients. Lumbar 
lordosis is increased (11). Glass et al. reported radiologic 
changes in four CHH children under the age of two years, 
they reported angulation of the entire sternum, a sign 
not previously described in CHH (in a 2-week-old girl who 
had short ribs with anterior flaring). They also reported 
widening of the atlantoaxial space in a 5-month-old girl 
(33). Bonafe et al. suggested a diagnostic tell-tale sign for 
CHH as cone-shaped epiphyses in the phalanges associ-
ated with metaphyseal chondrodysplasia (34).

3.2.1. Immune Deficiency
Immune dysregulation in CHH has a wide spectrum 

of clinical manifestations including variable grades of 
immunodeficiency, autoimmune complications and 
malignancies. The immunodeficiency in CHH was first 
suspected because of attacks of severe varicella infection 
among the Amish CHH patients (1). Later, deficiency of 
cell-mediated immunity was confirmed, which showed 
decreased delayed hypersensitivity, mild to moderate 
lymphopenia and impaired in vitro responsiveness of 
lymphocytes to PHA and decreased delayed hypersensi-
tivity (35-38). In a large series of 141 patients with primary 
immunodeficiency diseases due to defects in lympho-
cytes, only one patient had cartilage-hair hypoplasia (39). 
The immunodeficiency in CHH may be an isolated T-cell 
or B-cell immunodeficiency, or rarely combined B-cell 
and T-cell immunodeficiency (SCID). However, severity 
of immunodeficiency is variable and many CHH patients 
may live healthy.

3.2.2. Susceptibility to Infections
Susceptibility to infections in most patients is limited. 

The infection problems are most frequent in early child-
hood but may persist to adult age. Patients with cartilage-
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hair hypoplasia are at higher risk of infections with op-
portunistic microorganisms, especially severe varicella 
infection, which is fatal in a few cases. McKusick et al. re-
ported six cases of fatal varicella pneumonia in Amish pa-
tients (1). In one study, approximately 56% of 108 Finnish 
patients had increased susceptibility to infections (11). In 
another Finnish study, increased rate of infections was re-
ported in 31% of 35 CHH patients during the preceding year 
of study, fifteen patients (43%) had a history of increased 
infections during the first years of life (40). The patients 
occasionally have infections with pathogens such as cyto-
megalovirus, poliovirus, vaccinia, P carinii and Candida 
species commonly observed in T-cell immunodeficiency. 
Increased susceptibility to bacterial sinopulmonary in-
fections is also reported (40). Repeated pulmonary infec-
tion predisposes patients to bronchiectasis. Patients with 
bronchiectasis had more severe growth failure and more 
prevalence of humoral immunodeficiency than general 
patients with CHH (41). Diffuse dilated lymphoplasma-
cytic bronchiolitis with chronic obstructive symptoms 
were reported in three CHH children due to Haemophilus 
influenza or Streptococcus pneumonia infection with good 
response to long-term clarithromycin therapy (42).

3.2.3. Cellular Immunity
Defective cellular immunity is characterized by mild 

to moderate lymphopenia, decreased delayed hypersen-
sitivity and impaired in vitro responsiveness of lympho-
cytes to mitogen stimulation. Lymphopenia was present 
in 62% of 88 patients (1). Approximately 88% of 108 Finnish 
patients had defective cellular immunity (11). Makitie et 
al. analyzed lymphocyte subpopulations and prolifera-
tive responses in mitogen stimulation in 35 Finnish pa-
tients (12 males and 23 females). Low number of CD4+ 
cells was present in 57% of patients (which led to a de-
creased total count of T-lymphocytes in 52% and a subnor-
mal CD4+/CD8+ cell ratio in 32%) and 36% had lymphope-
nia. B-lymphocyte count was normal. Natural killer cell 
count was higher than normal in 6/15 (40%) of patients. 
Lymphocyte stimulation indices (concanavalin A, phyto-
haemagglutinin and pokeweed mitogen) were subnor-
mal. Total lymphocytes, T-lymphocytes, CD4+ cells and 
pokeweed mitogen stimulation indexes were inversely 
correlated with rate of infection. Six patients of 35 Finn-
ish CHH patients (6%) died because of primary infections. 
SO common indexes of cellular immune function poorly 
predict the clinical outcome of patients. They suggested 
to follow up all CHH patients carefully because of the risk 
of serious infections and malignancies (40). Trojak et al. 
evaluated 18 old Amish CHH patients and nine unaffect-
ed sibs. None of the subjects had a history suggestive of 
persistent immune dysfunction. Patients with CHH had 
significantly lower lymphocyte mitogenic and allogeneic 
cell stimulation responses compared with unaffected 
sibs and unrelated control subjects (similar to those re-
ported in Finnish CHH patients) (37).

Lux et al. reported two CHH patients with recurrent re-
spiratory-tract infections and severe varicella infection. 
Serum immunoglobulin levels were normal or elevated 
and patients were able to synthesize antibodies to a wide 
variety of viral and bacterial antigens. One child had 
chronic neutropenia secondary to a failure of myeloid 
maturation. Both children had diminished delayed skin 
hypersensitivity, persistent lymphopenia and diminished 
in vitro responsiveness of their lymphocytes. One child 
had delayed rejection of a skin allograft (35). Polmar and 
Pierce described marked impairment of T-cell function 
due to an intrinsic defect in cell proliferation in patients 
with CHH. Since defective proliferation was showed in B 
cells and fibroblasts, they concluded that the defect in cell 
proliferation is generalized. Accordingly, proliferation-in-
dependent natural killer activity was normal (15).

3.2.4. Humoral Immunity
Humoral immunity may be normal or impaired in CHH 

and contributes to increased susceptibility to infections. 
In one report of 16 patients, none of them had subnormal 
levels of IgG, IgA or IgM. Most patients had normal num-
ber of B-cells (40). However in another study of 25 pa-
tients with CHH (five patients with recurrent infections), 
seven (35%) had defective humoral immunity. One patient 
had severe hypogammaglobulinemia and three had mul-
tiple IgG subclass deficiencies. Three patients had IgA de-
ficiency. IgG4 was low in most patients. Increased rate of 
infections was associated with supranormal IgG and IgG1 
and subnormal IgA, IgG2, or IgG4 concentrations (29).

Kawasaki et al. reported a one-year-old boy patient with 
recurrent upper respiratory infections. He had impaired 
cellular immunity and a selective IgG2 deficiency (43). 
Matesic et al. reported a 39-year-old man with CHH with 
a history of recurrent respiratory infections, allergies and 
chronic cough. He experienced chronic sinusitis, recurrent 
pneumonias and central bronchiectasis. He had moderate 
lymphopenia with decreased counts in all subpopulations 
except for natural killer cells. Mitogen-induced blastogen-
esis was diminished. Natural killer cell and neutrophil 
function were normal. Their patient had a profound hu-
moral deficiency with remarkably low IgG2, IgG3 and IgG4 
subclass and a high-normal total IgG level. His response to 
pneumococcal polysaccharide was extremely limited (44).

3.2.5. Neutropenia
Neutropenia is common in patients with CHH, which 

occurred in 24% of 88 patients (25). The main mechanism 
is maturation arrest, but autoimmune neutropenia is 
also reported. The severity of neutropenia and anemia 
usually decreases with time; cyclic neutropenia was seen 
in patients with CHH (11, 23, 35).

3.2.6. Severe Combined Immunodeficiency
Cartilage-hair hypoplasia is a rare cause of severe com-

bined immunodeficiency (SCID). Children with cartilage-
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hair hypoplasia and SCID have a greater susceptibility to 
overwhelming and opportunistic infections and graft 
versus host disease (43). Guggenheim et al. reported three 
CHH patients with SCID. All three patients had profound 
lymphopenia, profoundly depressed mitogenic respons-
es to PHA and markedly reduced number of CD3  T cells. 
The number of B lymphocytes was normal; natural killer 
(NK) cells were normal in two patients and reduced in 
one patient. The humoral immune system was affected in 
these patients. One patient had no detectable IgM and IgA, 
but normal IgG. The second patient had no IgA and low 
normal Immunoglobulin and IgM levels and the third 
patient had panhypogammaglobulinemia. These pa-
tients were effectively treated by bone marrow transplan-
tation and were alive and well 5-20 years after BMT (45). 
Kainulainen et al. reported two patients with CHH with 
a prolonged viral infection due to combined T cell and B 
cell immunodeficiency; interestingly hypogammaglobu-
linemia disappeared during the first years of life (46).

3.2.7. Increased Risk of Cancer
Patients with CHH are at increased risk of cancer. Re-

ported cancers include skin neoplasm (the most com-
mon is basal cell carcinoma), non-Hodgkin and Hodgkin 
lymphoma, leukemia, intestinal lymphosarcoma, malig-
nant testicular tumor, epithelial carcinoma of the vocal 
cord, bile duct carcinoma and ocular cancer (11, 47, 48). 
Makitie et al. reported results of a cohort study on 122 
Finnish patients with CHH identified through two epi-
demiologic surveys in 1974 and 1986. Their parents and 
healthy siblings were also included. This cohort under-
went follow-up for cancer incidence to the end of 1995. 
The standardized incidence ratio (SIR) of cancer among 
patients with CHH was 6.9 (95% CI 2.3 to 16), mainly attrib-
utable to non-Hodgkin’s lymphoma and basal cell carci-
noma. The cancer incidence in their parents or siblings 
was not different from the average cancer incidence in 
the Finnish population (49). Taskinen et al. published the 
result of a cohort study of 123 Finnish patients with CHH 
(51 males), which were followed regarding malignancy. 
Mean follow-up time was 19.2 years. The number of identi-
fied cancers in patients with CHH was compared with ex-
pected number of cancer in general population. In CHH 
group, 14 patients with cancer were diagnosed (expected 
number 2.0; SIR 7.0, CI 3.8-12). The most frequent cancer 
was non-Hodgkin lymphoma followed by squamous cell 
carcinoma, Hodgkin lymphoma and leukemia. Nine of 14 
cancers (64%) were diagnosed in patients younger than 
45 years. In addition, 10 patients had basal cell carcinoma 
of the skin (standardize incidence ratio, 33.2) (50).

3.3. Mortality
Makitie et al. performed a cohort of 120 patients with 

CHH (50 men and 70 women) to assess mortality from 
1971 to 1995. The mean length of follow-up was 11.4 years. 
During the follow-up, seven disease related deaths were 

observed, three deaths due to pneumonia (aged 3 weeks, 
2 and 8 years); two deaths due to other infections; septice-
mia by Candida albicans (aged one year) and encephalitis 
(aged 13 years) and finally two deaths due to non-Hodg-
kin’s lymphoma (aged 22 and 45 years). The disease mor-
tality in ages 0-14 was 21-fold the mortality of the Finnish 
population of the same age (51).

3.4. Management

3.4.1. Short Stature
Few and conflicting results are available regarding the 

efficacy of treatment with growth hormone (GH) in chil-
dren with CHH (52-54). A 3-year-old boy was treated with 
GH for seven years and underwent a leg-lengthening 
surgical procedure; height standard deviations (SD) im-
proved from -4.2 to -2.1 (53). In another report, GH was 
used to treat four patients. The duration of GH therapy 
was 2-6.5 years. Slight improvement of growth rate was 
reported during the first year of treatment, varying from 
0.2-0.8 SD, but the growth was not sustained, and no in-
crease in final height was achieved (54). Surgical bone 
lengthening may be considered. However, the risk of in-
fection in patients with CHH is increased and extra atten-
tion to prevention and treatment of infections is neces-
sary.

3.4.2. Hair Hypoplasia
There is no known treatment for hair hypoplasia in 

these patients.

3.4.3. Joints and Skeleton
Skeletal problems must be managed with physiothera-

py and appropriate orthopedic interventions. Bone mar-
row transplantation had no effect on chondrodysplasia 
(45).

3.4.5. Gastrointestinal Disorders
Hirschsprung’s disease, anal stenosis and oesophageal 

atresia should be surgically corrected. Malabsorption, 
diarrhea and failure to thrive require symptomatic treat-
ment.

3.4.6. Anemia
Patients with severe hypoplastic anemia (6% of patients) 

require repeated transfusions. Few patients may need 
lifelong regular transfusions or bone marrow transplan-
tation (24). Chronic blood transfusions can lead to iron 
overload and requirement for chelation therapy. There 
is a report suggesting well toleration of deferoxamine, 
deferiprone and deferasirox in patients with CHH. Chela-
tion therapy would prepare patients for hematopoietic 
stem cell transplantation (55). Bone marrow cultures in 
six patients with CHH showed reduced or absence of ery-
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throid colony formation, which was not affected by GH 
treatment in vivo or by GH or IGF-I in vitro (27).

3.4.7. Vaccination
In patients with impaired cellular immunity, immuni-

zation with live vaccines is contraindicated (9). The use of 
varicella vaccine for prophylaxis should be avoided (56). 
However, an attenuated live polio vaccine might have 
risks of severe disease in a patient with CHH (57). Reac-
tivation of varicella-zoster virus from latency causes zos-
ter and is common among recipients of hematopoietic 
cell transplants, e.g. those performed for Hodgkin and 
non-Hodgkin lymphomas. Hata et al. found that inacti-
vated varicella vaccine given before hematopoietic cell 
transplantation and during the first 90 days thereafter 
reduced the risk of zoster. This finding had possible rel-
evance to the use of inactivated varicella vaccine in CHH 
(58).

3.4.8. Immunodeficiency
Treatment of immunodeficiency depends on the pres-

ence and type of immunodeficiency. In CHH patients 
with isolated T-cell immunodeficiency, varicella is 
the most common infection that may severe and life-
threatening. Prophylaxis with acyclovir, varicella-zoster 
immune globulin (VZIG), or both can be administered 
in patients exposed to varicella; acyclovir is also recom-
mended in the treatment of varicella infections (57). Leu-
kocyte interferon may be useful in CHH children with 
varicella, because of benefit in immunosuppressed chil-
dren with cancer (59). For patients with humoral immu-
nodeficiency and recurrent bacterial infections, antibody 
replacement therapy is indicated (9). Treatment with 
granulocyte colony-stimulating factor (G-CSF) is useful 
for neutropenia in patients with cartilage-hair hypopla-
sia (44). Ammann et al. reported a 6-year-old patient with 
CHH and chronic neutropenia who had recurrent lower 
respiratory tract infections with good response to long-
term treatment with granulocyte-colony stimulating fac-
tor (G-CSF). Growth was not affected by treatment (60). In 
patients with severe T-cell or combined immunodeficien-
cy, BMT has been recommended (45). There are multiple 
reports indicating successes of BMT for cartilage-hair hy-
poplasia (45, 61). The need for BMT in patients with CHH is 
low as most individuals have mild to moderate immune 
deficiency. However, in patients with severe immunode-
ficiency BMT should be considered before the develop-
ment of severe infections or malignancy. Bordon et al. re-
ported the largest experience about BMT in patients with 
CHH. They performed allogeneic hematopoietic stem cell 
transplantation (HSCT) for 16 patients with CHH (13 pa-
tients at early childhood (a mean of 2.5 years) and 3 ado-
lescent patients). Ten patients (62.5%) were followed for 
a median of seven years. In all survivors, autoimmunity 
was resolved and T-lymphocyte function and numbers 
were normalized (61).

3.4.9. Malignancies
Patients with CHH should be monitored closely for de-

veloping malignancy such as skin neoplasms, lympho-
mas and leukemias.

4. Conclusions
Cartilage-hair hypoplasia is a rare but important he-

reditary disease with different medical aspects. The high 
rate of consanguineous marriages in Iran necessitates 
considering CHH in any child with severe short stature 
associated with hair hypoplasia and metaphyseal chon-
drodysplasia. These patients are at increased risk of 
anemia, immunodeficiency, propensity to infections, GI 
dysfunction (Hirschsprung’s disease) and malignancies. 
Each problem must be well recognized and appropriate-
ly managed.
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