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Adenotonsillar Hypertrophy and
Epstein-Barr Virus in Pediatric Organ
Transplant Recipients

Nina L. Shapiro, MD; Ali M. Strocker, BS

Objectives/Hypothesis: Epstein-Barr virus–related
(EBV-related) lymphoid hyperplasia of the tonsils and
adenoids is a precursor to post-transplantation lympho-
proliferative disorder (PTLD). The incidence of post-
transplantation adenotonsillar hypertrophy, a poten-
tial early sign of PTLD or EBV-related lymphoid
hyperplasia, is not known. We sought to identify poten-
tial risk factors for adenotonsillar hypertrophy mani-
fested as EBV-related hyperplasia and early PTLD in
the pediatric solid organ transplant population. Study
Design: Cross-sectional analysis. Methods: We devel-
oped a 65-point questionnaire concerning obstructive
sleep disorder and upper respiratory tract infections
and an 8-point focused physical examination, to identify
prevalence of and risk factors for adenotonsillar hyper-
trophy in the pediatric transplant population. We eval-
uated 120 pediatric solid organ transplant recipients by
parental questionnaire and focused adenotonsillar
physical examination. Results: Of the 120 patients, 62
had undergone liver transplantation and 58 had under-
gone kidney transplantation. Overall, the mean ques-
tionnaire score was 8.36 (range, 0–40) and the mean
physical examination score was 3.86 (range, 1–8). Pa-
tients whose EBV serological test result was negative at
the time of transplant had higher scores for both the
questionnaire (mean score, 10.24) and the physical ex-
amination (mean score, 4.56) than those whose EBV se-
rological test result was positive at the time of trans-
plantation (scores of 7.38 and 3.30 for questionnaire
and physical examination, respectively). The differ-
ence in examination scores was statistically significant
(P <.003). Conclusions: Epstein-Barr virus seronegativ-
ity at the time of organ transplantation is a known risk
factor for PTLD, with associated risk of developing
EBV-related lymphoid hyperplasia. Our results indicate
a higher incidence of symptoms and signs consistent

with adenotonsillar hypertrophy in the EBV seronega-
tive population. Adenotonsillar hypertrophy may be a
precursor to EBV-related lymphoid hyperplasia and
PTLD and must be identified in this patient population.
Key Words: Adenotonsillar hypertrophy, Epstein-Barr
virus, post-transplantation lymphoproliferative disor-
der, pediatric, transplant.
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INTRODUCTION
The incidence of adenotonsillar hypertrophy (ATH) in

the pediatric post-transplantation population is not
known, and the etiology and clinical significance of such
hypertrophy in this patient population have not been ex-
amined. Adenotonsillar enlargement in children who have
had solid organ transplantation may be an early sign of
post-transplantation lymphoproliferative disorder. Post-
transplantation lymphoproliferative disorder is defined as
the presence of abnormal proliferation of lymphoid cells
and is associated with Epstein-Barr virus (EBV) infection
in up to 80% of cases in the setting of immunosuppression.
Prolonged use of immunosuppressants leads to a defect in
T-cell regulation and in turn enables uncontrolled prolif-
eration of B lymphocytes or T lymphocytes in response to
viral (EBV) infection.1 This may lead to a wide spectrum of
PTLD-related diseases ranging from polyclonal lymphoid
hyperplasia to monoclonal malignant lymphoma.1,2 Lym-
phoproliferative disorders in post-transplantation pa-
tients tend to be more aggressive, respond poorly to che-
motherapeutic agents, and have a poorer outcome
compared with that of immunocompetent patients.1

Although more than 90% of healthy adults have been
exposed to EBV infection, young children often have not
yet been infected. Primary EBV infection in a healthy
child or adolescent causes lymphoid enlargement second-
ary to EBV infection of B cells, causing massive B-cell
proliferation.3 This may induce minor symptoms of a fe-
brile illness with cervical lymphadenopathy or adenoton-
sillar enlargement or both, or more significant symptoms
consistent with infectious mononucleosis (fevers, lymph-
adenopathy, hepatosplenomegaly, adenotonsillar enlarge-
ment, fatigue).3 Children receiving organ transplantation
and subsequent immunosuppression may not have been
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exposed to EBV before organ transplantation. Epstein-
Barr virus infection in these children may result in B-cell
and T-cell proliferation proceeding unchecked, leading to
EBV-related lymphoid hyperplasia or PTLD.1,4,5 Uncon-
trolled proliferation of B lymphocytes infected with EBV
may result in enlargement of the lymphoid tissue of
Waldeyer’s ring, most notably, the tonsils and adenoids.3

Epstein-Barr virus–related lymphoid hyperplasia or
PTLD may first present as adenotonsillar enlargement.
We sought to identify early signs and symptoms of adeno-
tonsillar disease in children following solid organ trans-
plantation. To date, there has not been a large-population
analysis of this patient group to identify risk factors for
EBV-related lymphoid hyperplasia and PTLD. Early di-
agnosis may lead to earlier intervention and diminished
morbidity and mortality secondary to PTLD.

MATERIALS AND METHODS
We performed a cross-sectional analysis of children enrolled

in the Mattel–University of California Los Angeles (UCLA) Chil-

dren’s Hospital Liver Transplantation and Kidney Transplanta-
tion Programs. After receiving Medical Institutional Review
Board (IRB) approval from the UCLA Office for Protection of
Human Research Subjects (IRB 99-10-010-01), we invited all
pediatric patients attending the outpatient liver and kidney
transplantation clinics to participate. All participants were in-
vited during their routine follow-up post-transplantation clinic
visits. Inclusion criteria included all patients 21 years of age or
younger who have received kidney or liver transplantation. Ex-
clusion criteria included children who had had adenotonsillec-
tomy. Participants received a 65-point parental questionnaire
(Fig. 1) and an 8-point focused physical examination (Fig. 2). The
questionnaire was based on the obstructive sleep apnea 18-item
questionnaire (OSA-18), which has been found to be a valid and
reliable measure of symptoms of obstructive sleep apnea second-
ary to ATH.6 We modified the questionnaire to attain more fo-
cused questions for this patient population. Because our patients
all had chronic illness, we deleted questions from the OSA-18
related to missed activities, school behavior, and overall health
because measures of these parameters may be influenced by their
primary medical problem. The same examiner (A.M.S.), under the

How often does your child snore?

Never (0) Rarely (1) 1–4 times/mo (2) More than once a wk (3) Most nights (4)

How loud is the snoring?

No snoring (0) Mild/quiet (1) Medium loud (2) Loud (3) Extremely loud (4)

Does your child awaken in the middle of the night?

Never (0) Rarely (1) 1–4 times/mo (2) More than once a wk (3) Most nights (4)

Does your child wet the bed?

Never (0) Rarely (1) 1–4 times/mo (2) More than once a wk (3) Most nights (4)

Do you ever see your child struggling to breathe during sleep?

Yes (4) No (0)

Do you ever see your child stop breathing during sleep?

Yes (4) No (0)

When your child is asleep, do you ever shake him or her to start breathing again?

Yes (4) No (0)

Do you ever see your child’s lips or skin turn blue or purple during sleep?

Yes (4) No (0)

Do you ever watch your child while he or she is asleep at night, afraid of his or her breathing?

Yes (4) No (0)

How often does your child have a sore throat?

Never (0) Rarely (1) 1–4 times/mo (2) More than once a wk (3) Almost daily (4)

How often does your child have sinusitis?

Never (0) Rarely (1) 1–4 times/mo (2) More than once a wk (3) Almost daily (4)

Does your child complain of morning headaches?

Never (0) Rarely (1) 1–4 times/mo (2) More than once a wk (3) Almost daily (4)

Is your child a daytime mouth-breather?

Never (0) Rarely (1) Frequently (2) Constantly (3)

Does your child have a problem with daytime sleepiness?

None (0) Slight (1) Moderate (2) Considerable (3) Very great (4)

Does your child have a problem with daytime hyperactivity?

None (0) Slight (1) Moderate (2) Considerable (3) Very great (4)

Does your child ever choke when eating solid food?

Never (0) Rarely (1) Frequently (2) Constantly (3)

Does your child ever choke when drinking liquids?

Never (0) Rarely (1) Frequently (2) Constantly (3)

(Maximum score: 65)

Fig. 1. Parental questionnaire.
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guidance of the senior author, performed all questionnaires and
physical examinations. Objective data (Fig. 3) were obtained from
the patient’s hospital record.

Questionnaire and physical examination data were ana-
lyzed based on subjective and objective measures of signs and
symptoms of ATH. Hospital medical record data were analyzed
separately. Then, correlations between questionnaire, physical
examination, and medical record data were analyzed.

RESULTS
We enrolled 120 patients (57 male and 63 female

patients) over a 4-week period (June 5–June 29, 2000).
Sixty-two patients had undergone liver transplantation,
and 58 patients had undergone kidney transplantation. Of
the liver transplant recipients, 57 patients received one
transplant, 4 patients received two transplants, and 1
patient received three transplants before the time of this
study. Fifty-three of the liver transplants were cadaveric,
seven were from living-related donors, and eight had un-
available donor data. Of the kidney transplant recipients,
53 patients received one transplant, 4 patients received
two transplants, and one patient received three trans-
plants. Thirty-five of the kidney transplants were cadav-
eric, and 29 were from living-related donors. Mean age at
the time of the study was 11.25 years (range, 0.75–21 y).
Mean age at the time of transplantation was 7.33 years
(range, 1 mo–20.4 y), and the mean number of years
between transplantation and this study was 4.08 years
(range, 0.75 mo–18.75 y). Immunosuppressant medica-
tions at the time of this study included cyclosporine, ta-
crolimus, prednisone, azathioprine, and mycophenolate.
All patients were receiving between one and three immu-
nosuppressant medications at the time of this study. In
the group of kidney recipients, 42 patients were receiving
cyclosporine, 16 patients were receiving tacrolimus, 58
patients were receiving prednisone, 4 patients were re-
ceiving azathioprine, and 44 patients were receiving my-
cophenolate. In the group of liver recipients, 4 patients
were receiving cyclosporine, 57 patients were receiving
tacrolimus, 38 patients were receiving prednisone, 5 pa-

tients were receiving azathioprine, and 15 patients were
receiving mycophenolate (Table I).

The mean questionnaire score for all patients was
8.36 (SD 6 7.94; range, 0–40), and the mean physical
examination score was 3.86 (SD 6 1.90; range, 1–8). In
comparing liver transplant recipients and kidney trans-
plant recipients, we found no significant difference be-
tween mean questionnaire scores (mean score for liver
recipients was 8.68 [SD 6 7.84] with a range of 0–40;
mean score for kidney recipients was 8.03 [SD 6 8.09]
with a range of 0–38). In comparing mean physical exam-
ination scores of liver recipients and kidney recipients,
there was also no significant difference (mean score for
liver recipients was 4.02 [SD 6 1.71] with a range of 1–7;
mean score for kidney recipients was 3.68 [SD 6 2.09]
with a range of 1–8). Although both mean questionnaire
score and mean physical examination score were slightly
higher in the liver transplantation group than in the kid-
ney transplantation group, these differences were not sta-
tistically significant.

Epstein-Barr virus serological status before trans-
plantation was evaluated with respect to questionnaire
and physical examination scores. Epstein-Barr virus sero-
logical values were based on the following parameters for
antibody titers at our institution: EBV–viral capsid anti-
gen (VCA) immunoglobulin M ,1:20 5 negative; EBV-
VCA immunoglobulin M .1:20 5 positive; EBV-VCA im-
munoglobulin G ,1:10 5 negative; EBV-VCA
immunoglobulin G .1:10 and ,1:640 5 equivocal; EBV-
VCA immunoglobulin G .1:640 or fourfold increase in
antibody titer 5 positive; Epstein Barr nuclear antigen
(EBNA) ,1:5 5 negative; EBNA .1:5 5 positive. Data on
pretransplantation EBV serological values was available
for 118 of the 120 patients. Sixty-two patients (30 liver
recipients and 32 kidney recipients) were EBV seroposi-
tive at the time of transplantation, 30 patients (17 liver
recipients and 13 kidney recipients) were EBV seronega-
tive at the time of transplantation, and 26 patients (17
liver recipients and 9 kidney recipients) had EBV serolog-
ical results that were equivocal. The mean questionnaire

Quiet respiration:

Mouth closed (0) Mouth open (1)

Intraoral examination:

Tonsils:

11 (endophytic tonsils, anterior and posterior pillars visible)
(1)

21 (tonsils extend to tonsillar pillars) (2)

31 (tonsils extend beyond tonsillar pillars, approximating
uvula) (3)

41 (tonsils approximating each other in the midline) (4)

Tonsillar asymmetry (4)

Intranasal examination:

Normal inferior turbinates/no discharge (0)

Edematous inferior turbinates (2)

Clear rhinorrhea (2)

Mucopurulent discharge (3)

(Maximum score: 8)

Fig. 2. Physical examination.

Name/medical record number:

Date of study:

Age:

Gender

Date of Birth:

Weight:

Height:

Date of transplantation:

Organ transplanted:

Donor: (living related/cadaver)

Reason for transplantation:

Donor EBV serology:

Recipient EBV serology:

Immunosuppressant medications:

History of organ rejection/multiple transplants
(yes/no/number of transplants):

Fig. 3. Objective data. EBV 5 Epstein-Barr virus.

Laryngoscope 111: June 2001 Shapiro and Strocker: Adenotonsillar Hypertrophy

999



scores for these groups were 7.38 (SD 6 7.59; range,
0–40), 10.24 (SD 6 9.03, range, 0–38), and 8.19 (SD 6
6.01; range, 0–25) for the EBV seropositive, seronegative,
and equivocal populations, respectively. The mean physi-
cal examination scores were 3.30 (SD 6 1.90; range, 1–8),
4.56 (SD 6 1.58; range, 2–7), and 4.31 (SD 6 1.72; range,
2–7) for these same groups. The difference between the
mean physical examination scores for the EBV seronega-
tive (4.56) and EBV seropositive (3.30) populations was
statistically significant (P ,.003) (Table II).

DISCUSSION
The role of EBV in the development of PTLD is well

known.7–10 As many as 90% of cases of PTLD in the early
post-transplantation period are triggered by primary EBV
infection.4 The use of potent immunosuppressants such as
OKT3, cyclosporine, and tacrolimus has led to an increase
in the incidence of PTLD.4,7,11,12 Post-transplantation
lymphoproliferative disorder may often present in the re-
gion of Waldeyer’s ring as ATH.1,13 Thus, monitoring of
Waldeyer’s ring lymphoid hypertrophy may allow for early
detection of EBV-related hyperplasia, a precursor of
PTLD.

Epstein-Barr virus is a ubiquitous double-stranded
DNA herpesvirus that infects B lymphocytes and induces
polyclonal activation and proliferation.14–16 In the immu-
nocompetent host, after antibody response to infection,
EBV-specific memory cytotoxic T lymphocytes control the
lymphoproliferation, resulting in a self-limited process.16

In immunosuppressed patients, the T-lymphocyte re-
sponse is limited and EBV-induced polyclonal B cell pro-
liferation may proceed unchecked.16,17 Proliferation of B
cells results in lymphoid enlargement. In its earliest form
(EBV-related lymphoid hyperplasia), histological study
reveals preservation of follicular architecture with vari-
able hyperplasia of both follicular and interfollicular ar-
eas.13 In situ hybridization reveals strong nuclear stain-
ing for EBNA. Histological features of PTLD include
diffuse effacement of lymphoid follicles with polymor-
phous or monomorphous lymphocytic proliferation.13

Epstein-Barr virus seronegativity at the time of
transplantation is a known risk factor for development of
PTLD.1,3,4,7,18–20 Thus, the highest-risk patients have
been identified as those who are EBV seronegative at the
time of transplantation with EBV seropositive donors.
These patients are more likely to develop a primary EBV
infection from the donor organ in the setting of immuno-
suppression. Iatrogenic immunosuppression limits the
T-cell response that controls the proliferation of EBV-
infected B cells, potentially leading to a spectrum of
PTLD-related diseases.2 A study of 40 pediatric liver
transplant recipients at our institution revealed a fall in
the incidence of EBV-related PTLD if EBV seronegative
patients received preemptive intravenous ganciclovir at
the time of transplantation.7 Various risk factors have
been identified by other groups, including tacrolimus
use,12 OKT3 use, cyclosporine use, and liver as opposed to
kidney transplant.4

Previous studies have identified adenotonsillar tis-
sue as a potential site of EBV-related lymphoid hyperpla-
sia or PTLD.13,21 In a recent retrospective review of chil-

dren having undergone liver transplantation over a 14-
year period (1984–1998), 39% of those who underwent
adenotonsillectomy for airway obstruction or asymptom-
atic tonsillar enlargement were noted to have EBV-related
lymphoid hyperplasia in the adenotonsillar tissue. One of
the 13 patients who underwent adenotonsillectomy was
noted to have large cell lymphoma of the adenotonsillar
tissue. The authors emphasized that, given the high per-
centage of EBV-related hyperplasia in the tonsillar spec-
imens of these patients, even asymptomatic adenotonsil-
lar enlargement must be addressed aggressively in this
patient population.22 Thus, we sought to evaluate a large
population of pediatric transplant recipients, focusing on
both signs and symptoms of ATH. We found that children
whose EBV serological finding was negative at the time of
organ transplantation had higher questionnaire and phys-
ical examination scores than those who were seropositive
at the time of transplantation. The difference in physical
examination scores was statistically significant (P ,.003).
We did not find a statistically significant difference in
comparing both questionnaire scores and physical exami-
nation scores for kidney versus liver transplant recipients.
There was also no significant difference between the num-
ber of kidney transplant recipients and liver transplant
recipients who were EBV seropositive (32 kidney recipi-
ents and 30 liver recipients) or EBV seronegative (13
kidney recipients and 17 liver recipients) at the time of
organ transplantation.

CONCLUSION
Recipient EBV seronegativity at the time of organ

transplant is a known risk factor for PTLD. Early forms of
PTLD such as EBV-related lymphoid hyperplasia, as well
as fulminant monomorphic PTLD, may present in the
tonsils and adenoids. In the pediatric solid organ trans-
plant population, monitoring adenotonsillar enlargement
in the setting of immunosuppression may identify pa-
tients at risk for PTLD or EBV-related lymphoid hyper-
plasia of the tonsils and adenoids. In a cross-sectional
analysis, we found that children who were EBV seroneg-
ative at the time of transplantation had more signs and
symptoms of ATH than the EBV seropositive cohorts. This
risk factor is consistent with findings of prior studies.
Long-term surveillance of this population will further elu-
cidate preemptive management options for these patients.
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