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Abstract: Dyskeratosis congenita (DC) is an inherited bone marrow

failure syndrome, usually presented with abnormal skin pigmentation,

nail dystrophy, and oral leukoplakia. The main cause of mortality in DC

is immunodeficiency and vital infection. DC involves multisystem, but

retinal involvements are rare.

Herein, we report an unusual case of pediatric DC suffering from

frosted branch angiitis (FBA) after recovery of mycoplasma pneumonia.

Cytomegalovirus infection and cytokine changes were found relevant to

the onset of FBA. Despite corticosteroids, antiviral medication, and

hematopoietic stem cell transplantation, the patient ended in poor vision

with optic atrophy.

This case implies that pediatricians should be aware of FBA as a rare

retinal manifestation in children with DC and bone marrow failure.

Cytomegalovirus may be one of the common causes and cytokines could

be triggering factors.

(Medicine 95(12):e3106)

Abbreviations: APTT = activated partial thromboplastin time,

BCVA = best-corrected visual acuity, BMF = bone marrow failure,
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HIV = human immunodeficiency virus, HSCT = hematopoietic

stem cell transplantation, Ig = immunoglobin, IL = interleukin,

MP = Mycoplasma pneumoniae, OCT = optical coherence

tomography, PCR = polymerase chain reaction, TNF = tumor

necrosis factor, UCBT = umbilical cord blood transplantation.

INTRODUCTION

D yskeratosis congenita (DC) is a rare inherited disease
characterized by excessively short telomeres in highly

proliferative tissues and predisposition to cancer.1 X-linked
recessive inheritance with mutation in DKC1 accounts for half
the cases, and is thought to predominantly manifest as bone
marrow failure (BMF) in childhood.2 The immune cells in BMF
patients are highly vulnerable, and immunodeficiency often
results in fatal infections and mortality in DC.3

Dyskeratosis congenita is a multisystem disorder. Ophthal-
mic manifestations of DC include blepharitis, conjunctivitis,
nasolacrimal duct obstruction, ectropion, entropion, and trichia-
sis. Retinal abnormalities are rare,4 and have been reported in
forms of hemorrhages, neovascularization, arteriosclerosis,
retinal vascular sheathing, macular edema, preretinal fibrosis,
nerve fiber layer infarction, and optic atrophy.5–8 However, the
vascular sheathing in the previously published description were
mild and peripheral.4,5 We encountered a boy who presented
frosted branch angiitis (FBA) after recovery of mycoplasma
pneumonia. To our knowledge, this is the first report of FBA in
children with DC.

CASE REPORT
A 6-year-old Chinese boy was referred to our hospital with

5 days of fever and cough with a 1-year history of cytopenia.
Physical examinations revealed reticular pigmentation of
the chest, splitting nails, oral ulcer, atrophic mucosa of tongue,
and bilateral lung rales. Ophthalmic findings were normal.
Laboratory studies showed a leukocyte count of 1.31� 109/
L, an erythrocyte count of 2.61� 1012/L, a platelet count of
134� 109/L, and C-reactive protein (CRP) level of 70 mg/L.
A molecular diagnosis was DC with mutation in DKC1 gene
(c. 1058C>T/ p. Ala353Val), and his mother was a carrier. His
immunophenotype was TþB�NK�. A bone marrow biopsy
revealed BMF. CD4 T-cell count was 130� 106/L. Serum
immunoglobin (Ig)G, IgA, and IgE were elevated, whereas
IgM was normal. Besides positive VCA IgG and EBNA1
IgG antibodies against Epstein–Barr virus, serology tests were
negative for Legionella, Chlamydia pneumoniae, Mycoplasma
pneumoniae (MP), cytomegalovirus (CMV), human metapneu-
movirus, adenovirus, respiratory syncytial virus, influenza
virus, and parainfluenza virus. Commercial real-time polymer-
R) assay of sputum was positive for
gene (Da An Gene Co., Ltd., China).
s negative. Chest computed tomography
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(CT) showed diffused patchy shadows. The patient was diag-
nosed with DC and mycoplasma pneumonia. Intravenous azi-
thromycin 175 mg once daily was given for 5 days, and his
general conditions improved.

However, on day 19, the patient complained of a sudden
decrease in visual acuity, dry eyes, and relapsed fever. Ophthal-
mic examination showed best corrected visual acuity (BCVA)
of 6/60 in the right eye and 6/7.5 in the left eye. External and
anterior segment examinations were unremarkable except for
shortened tear break-up time of 5 seconds and relative afferent
pupillary defect. Fundoscopy revealed mild vitreous haze,
marked discontinuous sheathing of veins, and arteries in all 4
quadrants, with clouds of exudates surrounding the vessels and
severe papilledema. Fundus fluorescein angiography (FFA)
showed tortuous and dilated retinal veins, arteriolar-venular
anastomoses, arterial occlusion, capillary nonperfusion, and
vascular leakage. Optical coherence tomography (OCT)
revealed macular edema and retinal detachment. A diagnosis
of FBA was made (Figure 1A–D, G, and H).

Several hematological changes were found concomitant
with the ocular disorder (Figure 2). Serum levels of interleukin
(IL)-6, IL-10, and tumor necrosis factor-a (TNF-a) started to
increase when MP was detected, and reached a high level
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19 days later. Elevated leukocyte count, decreased platelet
count, increased CRP, shortened activated partial thromboplas-
tin time (APTT), and increased fibrinogen were also noticed.

FIGURE 1. Imaging charaterization of FBA. A, B, Bilateral funduscopy s
FFA showed tortuous and dilated retinal veins, arteriolar-venular an
capillary nonperfusion and vascular leakage. G, H, OCT showed macu
vascular sheathing resolved, leaving hard exudates. K, L, OCT images
vessels with a ‘‘silver wire’’ appearance, crystalline deposits, and periph
angiitis, FFA¼ fundus fluorescein angiography, OCT¼optical coheren
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Serum and bone marrow specimens were found to be
positive in real-time PCR, targeting the IE2 gene of CMV (Da
An Gene Co., Ltd., China), and the DNA amounts were 1.9� 104

and 4.7� 104 copies/mL, respectively. CD4 T-cell count dropped
to 80� 106/L. Diagnostic workup to rule out other causes of
retinal vasculitis was done. Serology analyses were negative for
CMV, human immunodeficiency virus (HIV), herpes simplex
virus, rubella virus, hepatitis B virus, hepatitis C virus, parvovirus
B19, Treponema pallidum, and Toxoplasma gondii. Fasting
glucose level, antistreptolysin O, rheumatoid factor, tuberculin
test, antineutrophil cytoplasmic antibody, and antinuclear anti-
body were normal. He was treated with intravenous methylpred-
nisolone 20 mg twice daily and intravenous acyclovir 175 mg
4 times daily for 10 days, and then oral methylprednisolone
16 mg twice daily and valaciclovir 150 mg twice daily.
Corticosteroid was tapered off over 1.5 months.

After 2 weeks, his BCVA improved to 6/30 in the right eye
and 6/15 in the left eye. Pupillary reactions were sluggish in
both eyes. Fundoscopy revealed scattered hard exudates and
vascular sheathing was resolved (Figure 1E and F). OCT
showed relieved retinal edema (Figure 1K and L). One month
later, the vision dropped to counting fingers (at 30 cm) in the
right eye and 6/30 in the left one. The vitreous humors were
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clear. Attenuate retinal vessels, especially the arteries, with
scattered shining crystalline deposits, were seen in the fundus.
To treat his BMF, the patient received unrelated umbilical cord

howed FBA, retinal edema, hemorrhages, and papilledema. C, D,
astomoses (white arrow), arterial occlusion (white arrow head),
lar edema and retinal detachment (red arrow). E, F, After 2 weeks,
also improved. I, J, After 3 months, pale optic nerve heads, retinal
eral atrophic depigmentation were observed. FBA¼ frosted branch
ce tomography.
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FIGURE 2. Hematological changes concomitant with FBA. Serum levels of IL-6, IL-10, and TNF-a started to increased when MP DNA was
ate
C-r
t¼
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blood transplantation (UCBT) and haploidentical hematopoie-
tic stem cell transplantation (HSCT) consecutively, and leuko-
cytes engrafted on day þ9. Unfortunately, the patient got an
intracranial CMV infection 1 month later and was transferred to
the intensive care unit. Three months after the onset of FBA,
ocular examination showed dilated pupils, diminished pupillary
light reflex, optic atrophy, retinal vessels with a ‘‘silver wire’’

detected. FBA occurred (black arrow) when the cytokines culmin
described. APTT¼activated partial thromboplastin time, CRP¼
IL¼ interleukin, M¼monocyte, MP¼mycoplasma pnemoniae, Pl
appearance, crystalline deposits, and peripheral atrophic depig-
mentation (Figure 1I and J). The patient’s condition was
exacerbated and he received mechanical ventilation after an

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
d. Variations in WBC, platelets, CRP, APTT, and fibrinogen were
eactive protein, FBA¼ frosted branch angiitis, FiB¼ fibrinogen,
platelet, TNF¼ tumor necrosis factor, WBC¼white blood cell.
episode of cardiac arrest. He was discharged automatically half
a year later.

DISCUSSION
Frosted branch angiitis was first described in 1976 in

Japan, and the young and fit are most susceptible. It is charac-

terized by heavy vascular sheathing producing the appearance
of frosted branches of a tree. The pathogenesis of FBA remains
unknown and is possibly related to immune-complex deposition
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should be aware of CMV infection in a child with DC who
along the vessel walls after various prodromal infection. Kleiner
considered CMV the most commonly concurrent infective
agent with FBA.9

Cytomegalovirus-associated FBA has been mainly
reported in HIV patients.10–12 Few literatures have been docu-
mented about CMV-related retinal impairments in DC; only 1
case of peripheral CMV retinitis in a 23-year-old woman with
DC was described.13 Herein we reported a case of FBA in DC.
Intravascular high copies of CMV were supposed to be respon-
sible for the ocular complications. In addition, the changes of
leukocytes, CRP, and platelets indicated that the mechanism of
FBA was associated with not only immune hypersensitivity to
infection, but also inflammation reaction and coagulation
disorder.

Why did the patient develop FBA on the basis of an
apparent improved condition? The following reasons should
be taken into account. First, CMV easily proliferates and affects
organs when CD4 T-cell count decreases. Second, cytokines
play an important role of a triggering factor.

Few studies have been reported about the circulating
cytokine induction in DC.14 In this patient, an increasing
production of IL-6, IL-10, and TNF-a was noticed after MP
infection. Especially for IL-6, the rate of rise was steeper,
whereas the amount of MP DNA was lower. These observations
are in accordance with that of Matsui et al15 who implemented a
series of cytokines analyses in bone marrow cells in vitro.

Cytokines have been reported to take part in some ocular
vasculitic diseases.16–18 IL-6 is a multifunctional proinflam-
matory cytokine; it not only drives severe immune response by
contributing to both B-cell differentiation and T-cell prolifer-
ation, but also increases vascular permeability and causes
retinal exudates.18 TNF-a participates in local vasculitic and/
or thrombotic vascular occlusion.19 On the contrary, IL-10 is
classically described as an anti-inflammatory and immunore-
gulatory factor by inhibiting T-cell immunity and TNF-a
production.17 However, it seemed not strong enough to counter-
act the effects of IL-6 and TNF-a in this patient. Overall, certain
cytokines can contribute to the inflammation and immunomo-
dulation of the retinal vessels, and may play a part of triggering
factors in the development of FBA.

It is noteworthy that MP could cause ophthalmic mani-
festations as extrapulmonary involvement. Papilledema, retinal
exudates, and hemorrhages have been described in patients with
MP.20 MP can stimulate B and T lymphocytes and induce
formation of autoantibodies that react with vessels.21 However,
we could not get positive results of the vasculitis-associated
autoantibodies such as ANA or ANCA. Type III hypersensi-
tivity reaction is another common mechanism to cause micro-
vasculitis via immune complexes deposition.20 Immune
complex formation is based on a relatively overload of antigen,
but for our case, MP antigen was eliminated before the ocular
event. In this case, MP was not likely to be the etiologic agent
of FBA.

Frosted branch angiitis usually has a good prognosis, and
corticosteroids are commonly effective.9 Our patient presented
resolved vascular sheathing, retinal edema, and papilledema
after the combinational use of corticosteroids and antiviral
drugs. These medicine controlled the acute immunoinflamma-
tory response in the fundus, but failed to prevent the patient
from developing ‘‘closed’’ retinal vasculatures and optic atro-
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phy in the end. It may be attributed to the following pathogen-
eses: cell death signaling and apoptotic neuronal damage
induced by TNF-a,22 intensive tissue tropism of CMV virus

4 | www.md-journal.com
for retinal and intravascular endothelial cells, and dysfunction
of the dysplastic blood cells in DC with BMF.5

Our study has some limitations. First, we could not get the
aqueous specimen to confirm intraocular CMV infection
because of the patient’s reluctance to accept intravitreal
sampling and medication. Second, we used acyclovir and
valaciclovir for antiviral therapy, because of fear of ganciclo-
vir-related bone marrow inhibition.

In conclusion, this is the first report of FBA as a rare ocular
manifestation in pediatric DC. It is associated with CMV
infection. The cytokines induced by MP could be important
triggering factors in the development of FBA. Pediatricians
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presents FBA. Cytokine regulatory medication might be useful,
but it needs further study.
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