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Acquisition of Vernal and Atopic Keratoconjunctivitis
After Bone Marrow Transplantation

KHALID F. TABBARA, AMR NASSAR, SYED OSMAN AHMED, FAHAD AL MOHAREB,

AND MAHMOUD ALJURF
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PURPOSE: Vernal keratoconjunctivitis (VKC) and
topic keratoconjunctivitis (AKC) result from genetic
nd environmental factors. We present patients who had
o history of atopic disorders before bone marrow trans-
lantation (BMT) and who seem to have acquired VKC
r AKC from their donors, who had atopic disorders.
DESIGN: Observational case series.
METHODS: The patients in this study were part of a

ohort of patients who had undergone allogeneic hema-
oietic stem cell transplantation (HSCT) from January
997 through December 2007. Of 621 HSCT recipi-
nts, four recipients who were free of allergic disorders
cquired VKC or AKC from their afflicted donors after
SCT. Each patient underwent complete ophthalmo-

ogic examination, determination of the total serum
mmunoglobulin (Ig) E, and conjunctival scrapings.

RESULTS: Four (0.64%) of 621 patients who had
ndergone HSCT acquired VKC or AKC after BMT.
he donors had VKC or atopic dermatitis. In addition, in

wo of these four patients, asthma developed. One patient
ad elevated total serum IgE. Conjunctival scrapings of
ll four patients revealed the presence of eosinophils.
ne patient had concurrent graft-versus-host disease.
CONCLUSIONS: VKC and AKC are systemic allergic

isorders characterized by local ocular manifestations.
his report suggests the possibility of the acquisition of
KC or AKC after BMT by adoptive transfer. (Am J
phthalmol 2008;xx:xxx. © 2008 by Elsevier Inc. All

ights reserved.)

ERNAL KERATOCONJUNCTIVITIS (VKC) AND ATOPIC

keratoconjunctivitis (AKC) result from genetic and
environmental factors. A unique opportunity to un-

erstand the development of atopic ocular disorders occurs
uring bone marrow transplantation (BMT). Previous
tudies have shown that recipients undergoing BMT from
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onors with allergic disorders have a high risk of acquisition
f donor allergen-specific immunoglobulin E (IgE) in the first
ear of transplantation.1–3 This is consistent with the fact
hat donor transfer of B- and T-cell clones with allergen-
pecific memory cells occurs after BMT.

Allergic rhinitis or asthma can complicate BMT, albeit
arely, with allergic manifestations in recipients long after
MT.3 Allergen-specific IgE hypersensitivity can be trans-

erred by BMT. The main objective of this article is to
resent patients who acquired VKC or AKC by adoptive
ransfer of immune cells through BMT.

METHODS

HE PATIENTS IN THIS STUDY WERE PART OF A COHORT OF

atients who were followed up after allogeneic hematopoi-
tic stem cell transplantation (HSCT) from January 1997
hrough December 2007. A total of 621 patients under-
ent allogeneic HSCT from 1997 through 2007. There
ere 469 bone marrow transplantation patients, 142 pe-

ipheral blood transplantations, and 10 cord blood trans-
lantation recipients. All patients with ocular symptoms
nderwent an ophthalmologic evaluation. Patients with
vidence of VKC or AKC were identified. Each patient
nderwent a complete ophthalmologic examination, de-
ermination of total serum IgE, and conjunctival scrapings.

RESULTS

ONE OF THE PATIENTS WHO UNDERWENT PERIPHERAL

lood transplantation or cord blood transplantation had
llergic disorders. Four of 469 bone marrow transplantation
ecipients had VKC or AKC. None of the patients had
llergic disorders before BMT. The Table summarizes the
ndings among four cases with VKC or AKC.

CASE 1: A 17-year-old male had severe aplastic anemia.
he patient gave no history of allergic disorders and had
o ocular symptoms. His 7-year-old donor brother had
KC. He was admitted electively and underwent alloge-
eic BMT from his human leukocyte antigen (HLA)-

dentical brother (6/6 major HLA antigen match using
ow-resolution molecular typing for class I antigens and

igh-resolution molecular typing for the DR antigen). The

LL RIGHTS RESERVED. 1



p
p
m
g
d
r

a
d
T
e
s
T
e
e
s
(
a
e

●

m
h
P
m
m
p
f
a

i
G
r
o
d
i

2
t
w
c

c
t
a
f
s
w
w

●

l
c
p
u
w
p
h

r
b
o
t
h
(
w
w
t

p
d
c

●

m
c
p
d

i
s
m

� ma

2

ARTICLE  IN  PRESS
atient received standard posttransplantation immunosup-
ression therapy using cyclosporine and a short course of
ethotrexate and had no history of acute or chronic

raft-versus-host disease (GVHD). Six months after the
iscontinuation of immunosuppressive drugs, he began to
eport redness, itching, and sensitivity to light.

On eye examination, he was found to have a visual
cuity (VA) of 20/20 in both eyes. The right eye showed
iffuse papillary hypertrophy with conjunctival edema.
he bulbar conjunctiva was hyperemic, and there was
vidence of perilimbal infiltration. The left eye showed
imilar palpebral conjunctival hypertrophy and edema.
he bulbar conjunctiva was hyperemic, and there was
vidence of 360 degrees of perilimbal infiltration with
ight to 10 Trantas dots. The left cornea showed
uperficial punctate keratitis. The anterior chambers
AC) were deep. The pupils were regular and reactive,
nd the lens in each eye was clear. The fundus in each
ye was normal. Total serum IgE was 1076 kU/l.

CASE 2: A 37-year-old patient was diagnosed with
ultiple myeloma (immunoglobulin G �, stage IIIA). He
ad received five cycles of vincristine (Mayne Pharma Inc,
aramus, New Jersey, USA), adriamycin (EBEWE Phar-
aceuticals, Unterach, Austria), and dexamethasone che-
otherapy and was maintained on thalidomide and

rednisone. He had undergone allogeneic BMT from his
ully HLA-matched brother, who had atopic dermatitis
nd AKC.

The patient was kept on standard posttransplantation
mmunosuppression and had no history of acute or chronic
VHD. One year after transplantation, he started having

edness and itching of both eyes, and well-defined cutane-
us skin patches developed over the arms, cheek, and
orsal surface of the toes. He also reported of redness,
tching, and tearing of both eyes.

On eye examination, he was found to have a VA of
0/20 in both eyes. The right eye showed papillary hyper-
rophy with conjunctival edema. The bulbar conjunctiva
as hyperemic with perilimbal edema. There was superfi-

TABLE. Summary of Cases with Acquired Vernal and At

Case No. Age (yrs) Gender

Follow-up after

BMT (mos) Initial Diagnosis

Ocu

af

1 17 M 24 Aplastic anemia

2 37 M 31 Multiple myeloma

3 29 M 36 ALL

4 41 F 30 AML

AKC � atopic keratoconjunctivitis; ALL � acute lymphoblasti

transplantation; F � female; GVHD � graft-versus-host disease; M
ial punctate keratitis of the cornea. The left eye showed a

AMERICAN JOURNAL OF
onjunctival perilimbal infiltration and a superficial punc-
ate keratitis. The ACs were deep, the pupils were regular
nd reactive, and the lens in each eye was clear. The
undus examination showed no abnormalities. Giemsa-
tained conjunctival scrapings revealed many eosinophils
ith normal epithelial cells. Assessment of total serum IgE
as 45.7 kU/l.

CASE 3: A 29-year-old man had acute lymphoblastic
eukemia. He had no history of atopic disorders or any allergic
ondition. He was started on an induction chemotherapy
rotocol and achieved complete remission. Subsequently, he
nderwent allogeneic BMT from his HLA-identical brother,
ho had atopic dermatitis and asthma. He received standard
osttransplantation immunosuppression therapy and had no
istory of acute or chronic GVHD.
Fourteen months after the BMT, the patient began to

eport redness, itching, and mucoid stringy discharge from
oth eyes. The ocular findings began after discontinuation
f his immunosuppressive therapy. On eye examination,
he patient was found to have bilateral conjunctival
yperemia with papillary hypertrophy of the conjunctiva
P3). The cornea was clear, the AC was deep, and the lens
as clear. In addition to the ocular findings, patient also
as found to have asthma and was treated with inhalation

herapy.
The clinical findings were consistent with AKC, and the

atient had lesions on the skin consistent with atopic
ermatitis. Serum total IgE was 23.1 kU/l. Giemsa-stained
onjunctival scrapings revealed many eosinophils.

CASE 4: A 41-year-old woman was diagnosed with acute
yeloid leukemia. She received an induction course of

hemotherapy and showed evidence of continued com-
lete remission. The patient gave no history of allergic
isorders and no history of atopy.
The patient underwent uneventful BMT from her HLA-

dentical sister, who had atopic dermatitis. She received
tandard posttransplantation immunosuppression. Twelve
onths after BMT, she began to report redness, itching,

Keratoconjunctivitis after Bone Marrow Transplantation

ings

T

Onset of Symptoms

after BMT (mos) Other Disorders Donor’s Original Disorder

18 Asthma VKC

12 Atopic dermatitis Atopic dermatitis and

keratoconjunctivitis

14 Asthma Atopic dermatitis and

asthma

12 GVHD Atopic dermatitis

kemia; AML � acute myeloid leukemia; BMT � bone marrow

le; mos � months; VKC � vernal keratoconjunctivitis; yrs � years.
opic

lar Find

ter BM

VKC

AKC

AKC

AKC

c leu
nd mucoid discharge. On eye examination, the patient
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as found to have VA of 20/20 in both eyes. Tension by
pplanation was 16 mm Hg in the right eye and 17 mm Hg
n the left eye. Schirmer test results were 6 mm in the right
ye and 9 mm in the left eye. The patient had poliosis of
he eyelashes and areas of pigmentation and depigmenta-
ions of the skin of the eyelids. The patient had similar
esions over the face. The findings were clinically consis-
ent with chronic GVHD.

Biomicroscopy of both eyes revealed conjunctival hy-
eremia. There was evidence of papillary hypertrophy. The
ornea showed superficial punctate keratitis in both eyes
nvolving the lower quadrants. The AC was deep, the
upil was regular and reactive, and the lens was clear.
phthalmoscopy of both eyes revealed normal optic nerve
eads, blood vessels, and maculae.
The serum total IgE level was 50.5 kU/l. Giemsa-stained

onjunctival scrapings revealed many eosinophils. The
atient was diagnosed to have GVHD, VKC or AKC, and
topic dermatitis.

DISCUSSION

HE CASES DESCRIBED HEREWITH DEMONSTRATE THAT

topic disorders subsequently were diagnosed in recipients
fter HSCT. VKC and AKC appeared in all four patients
hose recipients had atopic disorders. These events were
ssociated with significant elevation in the total IgE in one
atient and the development of VKC and AKC. Two cases
f asthma were documented six weeks and 17 months after
MT in previously nonasthmatic recipients of HLA-

dentical donors with asthma.
Our cases demonstrate the fact that bone marrow-

erived progenitors of immune cells from allergic donors
an be transferred to recipients and can predispose these
atients to VKC or AKC. The passive transfer of bone
arrow memory cells and the suppression of T regulatory

ells by immunosuppression are possible contributing
actors.

One patient had no signs or symptoms of VKC before
MT. After BMT from his donor sibling who had VKC,

he patient demonstrated signs and symptoms of VKC.
t seems that VKC represents a systemic disease with
ocal ocular manifestations. Because hematopoietic pro-
enitor bone marrow cells are transferred through BMT,
his is a unique opportunity to understand the develop-
ent of VKC during BMT. Although common in

ounger children, VKC seldom presents with an onset at
he age of 17 years.

The acquisition of VKC is consistent with the adop-
ive transfer of the B- and T-helper-cell clones with
llergen-specific memory. Adoptive transfer of allergen-
pecific IgE occurs in the first year after BMT from
topic donors.1 Previous reports have shown that aller-
en-specific IgE and oral and cutaneous allergy can be

ransferred adoptively from atopic donors to nonatopic d

VERNAL AND ATOPIC KEROL. XX, NO. X
ecipients early after BMT.4 – 6 In our patients, the signs
nd symptoms of VKC or AKC occurred 12 to 18
onths after BMT. This is consistent with the adoptive

ransfer of mature B-cell clones with allergen-specific
emory after BMT. Acquisition of increased total IgE
ith new allergen-specific IgE occur at a high rate in the

ong-term after BMT from atopic donors.1,2 T helper
ells may lead to a series of events leading to isotype
witching and production of IgE.7 The findings in this
eport likely represent the recipient acquisition of T
ells with T helper 2 (Th2) phenotype from the donor.
doptive transfer of T-cell clones occurs after BMT, as

vident by the persistence of donor-derived purified
rotein derivative-specific T cells.8

B cells and T cells differentiate from a common lym-
hoid progenitor in the bone marrow. Progenitor B cells
ifferentiate into precursor B cells and into final differen-
iation of antibody-producing plasma cells.9 This differen-
iation is maintained actively by the Pax-5 gene. Cobaleda
nd associates showed that inactivation of the Pax-5 gene
n mature B cells results in dedifferentiation to the pro-
enitor B-cell stage and the generation of T cells.9 The
mplication of these findings in atopic disorders remains to
e elucidated.
Bone marrow-derived progenitor cells for eosinophils-

asophils are increased in the peripheral blood of the
ecipient patient and may come to the conjunctiva, lead-
ng to VKC signs and symptoms. These cells may infiltrate
he conjunctiva and participate in the development of the
llergic disorder. After BMT, populations of mature mem-
ry cells are replaced by cells derived from donor hemato-
oietic progenitor cells.1

Our report, however, has certain limitations. We cannot
xclude the possibility of the development of VKC and
KC after BMT. The allergic disease may have been a

onsequence of immune dysregulation after BMT.10,11

cquisition of AKC and elevated total IgE after BMT
ccurred after discontinuation of the immunosuppressive
herapy. This indicates that the predisposition to develop
llergy is transferred from atopic donor to recipient. Im-
unocompetent cells Th2 phenotype orchestrate many of

he events leading to isotype switching and production of
gE.7 One patient had GVHD. Recent studies have focused
n CD4�CD25� regulatory T cells (Tregs) and their
elationship to chronic GVHD.12–17 In several studies, the
umber of Tregs was found to be diminished in patients
ith chronic GVHD, and patients who undergo remission

rom this disease display a normal number of Tregs. The
echanism by which Tregs suppress GVHD is unclear, but

here is evidence to suggest that suppression is mediated by
ytokines such as transforming growth factor-� and inter-
eukin-10 or by contact with dendritic cells through
ndoleamine 2,3-dioxygenase.18 Tregs also may accept
nhibitory effects directly in the target tissue. Furthermore,

ecrease in mucosal Tregs has been documented in the

ATOCONJUNCTIVITIS 3
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atients with chronic GVHD compared with normal
ontrols without the disease.

The concurrent presentation of GVHD and AKC may
e difficult to confirm. The presence of eosinophils in the
onjunctiva suggests an allergic process, whereas predom-
nant lymphocytes may suggest GVHD. Elevation in total
gE is known to occur after BMT; however, this seems to
e a transient phenomena that occurs early after BMT

ithout long-term persistence.19 It is of crucial importance l

316–318.
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AMERICAN JOURNAL OF
o differentiate GVHD from VKC and AKC to provide the
ppropriate therapy.

The data in this article suggest that bone marrow-
erived immune cells from a donor with atopy can be
ransferred to recipient. This finding supports the primary
ole of bone marrow-derived immune cells in the develop-
ent of VKC and AKC and suggests that an allergic

isorder such as VKC represents a systemic disease with

ocal ocular manifestation.
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