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Purpose: The objective of this study was to identify the prevalence of CMV ocular disease in children and to identify associated risk
factors for ocular involvement.

Design: Retrospective multicenter, cross-sectional study.

Methods: Setting: Hospitalized patients screened for CMV viremia by PCR between 2005 and 2018 at four pediatric referral centers.
Participants: Seven-hundred and ninety-three children showed CMV viremia (>135 copies/mL by polymerase chain reaction; PCR).
Main Outcomes and Measures: (1) Occurrence of ophthalmologic examination. (2) Presence of CMV ocular disease, defined as
retinitis, vasculitis, hemorrhage, optic nerve atrophy, or anterior uveitis in the setting of CMV viremia without other identifiable
causes.

Results: A total of 296/793 (37%) underwent ophthalmologic examination following CMV viremia. A total 0f23/296 patients (8%)
had ocular symptoms prompting evaluation while the rest had eye exams for baseline screening unrelated to CMV viremia. Of these,
13 cases (4% of those with an eye exam) with ocular disease were identified (three congenital CMV, five severe combined
immunodeficiency disorder (SCID) status post-stem cell transplantation, three hematologic malignancy status post-stem cell trans-
plantation for two of them, one Evans syndrome status post-stem cell transplantation, and one medulloblastoma status post-bone
marrow transplantation). No patients with solid organ transplantation developed CMV ocular disease in our cohort.

Conclusion: CMV ocular disease was a rare occurrence in this cohort without an identifiable pattern across sub-groups. Excluding the
three congenital CMV cases, nine out of ten patients with CMV ocular disease were status post-stem cell transplantation. We provide
integrated screening guidelines based on the best available evidence for this rare condition.
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Introduction

Cytomegalovirus (CMV) infection is the most common congenital infection in the United States. Congenital CMV
infections are reported in 30,000—40,000 infants per year in the country with rates higher in developing countries." The
Centers for Disease Control and Prevention” estimates that by age 40, >50% of the population has been exposed to CMV.
Individuals with a functioning immune system experience minimal flu-like symptoms, if any. In those patients who are
immunocompromised, CMV infection can manifest with severe end organ damage secondary to inflammation of the
lungs, kidneys, heart, pancreas, liver, spleen, central nervous system and eyes. With congenital CMV viremia, many are
asymptomatic but among newborns who have symptomatic CMV viremia, 40-60% develop cognitive, auditory, visual,

or motor impairment.® '°
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Reported incidence of pediatric CMV ocular disease has varied in the literature. For congenital CMV, the earliest
studies estimated 1-15% of infected newborns developed CMV ocular disease.'''* The most recent incidence study by
Jin et al'> found 4% (10/237) developed disease. For other risk factor subgroups: 3.4-6% with immunodeficiency
secondary to HIV infection,'®2° 0.1% in liver transplant recipients (adults included in this study),?' 3% following organ
and bone marrow transplantation (2/74),%* and 11-23% who developed CMV viremia following stem cell transplant™>-**
developed ocular disease. The rarity of ocular involvement with CMV viremia, the transition in diagnostic testing from

2526 and the lack of previous multicenter analyses necessitate

viral urine culture to polymerase chain reaction (PCR),
further studies on the epidemiology of this potentially blinding complication.

The remaining uncertainty about the prevalence of CMV ocular disease in children are at least in part to blame for the
lack of universal guidelines on how to screen viremic children for CMV-related eye disease. We designed this multicenter
study to better study the prevalence of CMV ocular disease in children with CMV viremia, identify risk factors, and

determine if this information could be used to provide guidance on surveillance.

Methods

This retrospective study involved four major university hospital-based pediatric referral centers between 2005-2018:
Lucile Packard Children’s Hospital (Stanford, CA), University of California San Francisco Benioff Children’s Hospital
(San Francisco, CA), The Hospital for Sick Children (Toronto, Canada), and Boston Children’s Hospital (Boston, MA).
This study was approved by the Institutional Review Boards at all participating institutions and was in compliance with
the Health Insurance Portability and Accountability Act. This study adhered to the tenets of the Declaration of Helsinki.
All solid organ transplants were voluntarily donated with written informed consent in accordance with the Declaration of
Istanbul.

Study patients were less than 18 years of age with CMV viremia, which was defined as >135 CMV copies/mL by
PCR. Both symptomatic and asymptomatic (or unable to communicate symptoms) populations were included in the
analysis.

Data collection consisted of a detailed review of the patient’s medical history, including key dates and values related
to CMV viremia. Historical details of the primary diagnosis and immunodeficiency were also extracted from the chart.
The occurrence of an ophthalmic examination and reason for consultation were included, as was the presence of any eye
findings. Ophthalmologic examination included measurement of best-corrected visual acuity, pupils, ocular adnexa,
anterior segment, posterior segment, visual fields where permissible, extraocular motility and alignment, tonometry, and
dilated funduscopic examination. Main outcome measures included the (1) occurrence of ophthalmologic examination,
and (2) occurrence of CMV ocular disease, defined as retinitis, vasculitis, retinal hemorrhages, optic nerve atrophy, or
anterior uveitis in the setting of CMV viremia without other identifiable causes (ie, no other infections or immunologic
conditions diagnosed at the time). Intraocular fluids were not routinely sent off for confirmation of virus. Diagnoses of
eye conditions were made by pediatric ophthalmologists, though management may have involved retina specialists at
each site if there was involvement of the posterior segment.

For the statistical analysis, patients were categorized into seven groups based on their primary diagnosis: (1) history
of cancer, (2) primary immunologic disorder, (3) history of organ transplant, (4) non-malignant blood disorder, (5)
congenital CMV (viremic in first 3 weeks of life), (6) CMV-related organ disease, and (7) other diagnoses. This category
of ‘other diagnoses’ included patients who were found to be CMV viremic as part of their work up for their inpatient
admission (Table 1). Within each group, we calculated the number of cases of CMV ocular disease. Given the burden of
their underlying conditions, children were often admitted multiple times within a short period of time. To take this into
account, the highest viral load amongst all the admissions was used as the maximum viral load in the analysis. We also
calculated rates of ophthalmologic examination and the reason for each consultation request (ie, whether the patient was
symptomatic or a screening eye exam was needed as part of the patient’s care). Statistical significance for associations
between diagnoses, history of SCT, steroid/steroid-sparing agent use, or CMV treatment and occurrence of CMV eye
disecase was evaluated using Fisher’s exact test in univariate analysis. Statistical significance of association of an eye
exam with a particular diagnosis and association of death with a particular diagnosis was calculated using multivariate
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Table 1 Demographic Data

Sex (% of total population) Total (n=793)

Male 431 (54.3)

Female 362 (45.6)
CMY viremia

Age of CMV diagnosis (years) 5.9+0.2 (0-17.9)

Length viremia (months) 15.9+2.2

Maximum viral load (copies/mL) 103,645+24,715
Primary diagnosis (%)

Solid organ transplantation 306 (38.6)

Liver 137

Renal 98

Heart 49

Lung 10

Multiple solid organ transplants 9

Small bowel |

Unspecified multi-organ |

Cancer 212 (26.7)

Solid tumor 34

Hematologic malignancy 178

Primary immunologic 91 (11.5)

Non-malignant blood disorder 52 (6.6)

Congenital CMV infection 41 (5.2)

CMV-related organ disease 13 (1.6)

Other diagnoses 78 (9.8)
Treatment

Steroid and steroid-sparing agent 273

Steroid sparing-agent 223

Steroid alone 63

Neither steroid or steroid-sparing agent 232

logistic regression. Statistical analysis was performed using Stata software (StataCorp LLL, College Station, TX). In all
cases, p<0.05 was considered statistically significant.

Results
A total of 794 patients were identified across sites based on the inclusion criteria (site 1: 291, site 2: 153, site 3: 225, site
4: 125 patients). After initial review, 793 of the 794 charts were included for analysis (Figure 1).

Demographic data are presented in Table 1. Males and females were similarly represented in the study sample (male:
431, 54%; female 362, 46%). The most common risk factor was solid organ transplant (306, 39%), followed by cancer
(212, 27%), primary immunologic disorder (91, 11%), non-malignant blood dyscrasia (52, 7%), congenital CMV
infection (41, 5%), CMV-related organ disease (13, 2%), and other diagnoses (78, 10%). Multivariate logistic regression
revealed a higher odds ratio of death associated with higher maximal viral load (OR=1.11; p=0.009) and history of SCT
(OR=1.78; p<0.025) (Table 2).

There were 296 patients (37% of the total group) who underwent ophthalmologic examination following CMV
viremia. None of the sites had an institution-specific protocol for screening patients who were CMV viremic. There was
a statistically significant difference in the occurrence of an eye exam based on age across sites (p<0.001). Patients had
higher odds of undergoing an ophthalmologic evaluation based on maximum viral load (OR=1.25, p<0.001) (Table 2)
though this finding may be confounded by varying consultation patterns amongst the different institutions. Twenty-three
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794 patients met inclusion criteria:
<18 years of age, seropositivity
with >135 CMV copies/mL by

PCR

1 chart excluded
| due to incomplete
documentation

\ 4
793 included in analysis:
- 153 from site 1
- 225 from site 2
- 543 from site 3
- 125 from site 4

' '

793 charts reviewed for primary 296 had a documented
diagnosis, age of seropositivity,
maximum viral load, duration of
CMV positivity, mortality
outcome, history of stem cell
transplant, treatment regimen

ophthalmological examination

23 examined for 273 were
evaluation of asymptomatic
ocular symptoms baseline exams
ﬁatients categorized into 7 gro@

by primary diagnosis for

analysis:

- S)glid organ transplantation /40ases of CMV \ 6 cases of CMV \

- Cancer ocular disease ocular disease

- Primary immunologic identified: identified:

disorder - 1AML - 5SCID

- Non-malignant blood disorder - 1ALL - 2 congenital

- Congenital CMV infection - 1SCID - 1 CNS tumor

- CMV-related organ disease - 1Evans followed by SCT

KOther diagnoses / \ syndrome / & 1 AML /

I

Secondary analysis was done
based on history of stem cell
transplant

Figure | Study methodology: (1) patient selection criteria; (2) data collection; and (3) breakdown of analysis.
Abbreviations: AML, acute myeloid leukemia; ALL, acute lymphocytic leukemia.

patients had ocular symptoms prompting evaluation while the rest were asymptomatic and had an eye exam for baseline
screening. Though there was variation on when and which patients were screened with an eye exam amongst the various
sites, in general, if persistently viremic, the various sites reported that children were re-evaluated with follow-up eye
exams (varying frequency). All sites also reported using prophylactic anti-viral therapy for CMV.

Thirteen cases of CMV ocular disease were identified (Table 3). Children with congenital CMV infection accounted
for three of the cases, five had severe combined immunodeficiency disorder (SCID) status post-stem cell transplantation,
three had a hematologic malignancy, two of whom had undergone stem cell transplantation, one had a history of Evans
syndrome status post-stem cell transplantation, and one had a history of bone marrow transplantation for treatment of
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Table 2 Frequency of Clinical Findings and Odds Ratio of Death and Eye Exam

by Multivariate Logistic Regression

Variable OR of death (95% CI) p-value
Cancer history 1.61 (0.99-2.63) 0.057
Transplant 0.44 (0.23-0.86) 0.016
Primary immunologic disorder 1.67 (0.64—4.42) 0.296
Max viral load I.1'1 (1.0266-1.205) 0.009
SCT history 1.78 (1.075-2.969) 0.025
CMYV treatment 1.05 (0.651-1.680) 0.851
Variable OR of eye exam (95% CI) P value
Cancer history 0.96 (0.65—1.44) 0.858
Transplant 0.24 (0.15-0.36) <0.001
Primary immunologic disorder 1.41 (0.59-3.38) 0.435
Max viral load 1.25 (1.18-1.33) <0.001
SCT history 1.07 (0.72—-1.60) 0.739
CMYV treatment 0.97 (0.67-1.42) 0.888

Abbreviations: Cl, confidence interval; OR, odds ratio; SCT, stem cell transplant.

Table 3 Demographics of Patients with Confirmed CMV Ocular Disease

Gender Total Total group:

Male 10 431

Female 3 362

Primary diagnosis (+) Ocular Symptoms
SCID status post-stem cell transplantation®* 5% 0

Congenital CMV 3 | (abnormal red reflex)
Hematologic malignancy (2 were status post-stem cell transplant™*) 3 2 (decreased vision)
Evan syndrome status post-stem cell transplantation** | | (red eye)
Medulloblastoma status post-bone marrow transplantation** | 0

Eye findings

Retinitis 11

Optic nerve disease (atrophy) |

Anterior uveitis |

CMYV viremia Total group:

Age CMV viremia (SD), years 2.8%1.5 5.9+0.2

Average duration CMV viremia (SD), months 69.3£52.5 15.9£2.2

Maximim viral load (range), copies/mL 552,865 (150-4,208,000) 103,645+24,715
Concurrent immunomodulatory treatment

CMV IgG therapy 4

Steroid and steroid sparing agent alone 2

Steroid-sparing agent alone |

Neither steroid or steroid-sparing agent 10

Mortality outcome Total group:
Deceased 4/13 (31%) 113/793 (14%)
Average interval between last CMV PCR and time of death (months) 1.7£1.1 69.7+21.5

Notes: *SCID was statistically significant for the development of CMV ocular disease (p<0.001). **Stem cell transplantation was not statistically significant for development
of CMV ocular disease (p=0.08) though 9/13 had transplantation.
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medulloblastoma. Using Fisher’s exact test in univariate analysis, SCID was identified as the solitary independent risk
factor for ocular involvement of CMV viremia in our sample (»<0.001). Nine of the 13 patients had a history of SCT
(p=0.08). No patients with solid organ transplant had CMV ocular disease in this cohort. Only four of the 13 confirmed
CMV cases were in symptomatic children. Ocular findings included anterior uveitis (N=1), nerve edema and pallor
(N=1), retinitis’hemorrhage with subretinal lesions, retinal detachment, macular scarring, and fibrosis (N=11) (Figure 2).

Discussion
In our study population, the overall prevalence of CMV ocular disease in children who underwent an eye exam was 4%.

Baumal et al’s®’

study, which looked at the overall prevalence of CMV ocular disease in children with different risk
factors including SCID, SCID status post-bone marrow transplantation, AIDS, and acquired immunodeficiency syndrome
status post-bone marrow transplantation for leukemia, renal transplantation, and chemotherapy for leukemia found
similar rates. When we break down the numbers by sub-group, we see CMV ocular disease develop in 4% (4/101) of
children with a history of cancer, 8.6% (3/35) with congenital CMV, and a higher rate of 14% (6/42) in children with
a primary immunologic disorder. Our rates of CMV ocular disease were higher in this study than previously reported for

1?* both found higher rates of CMV ocular disease in

children with congenital CMV."® Larochelle et al** and Hiwarkar et a
patients with CMV viremia and a history of SCT, at 38% and 23%, respectively. Our finding that the majority of the
patients with CMV ocular disease were status post-stem cell transplantation is consistent with previous literature.

Interestingly, Hiwarkar et al** found that patients with a history of a primary immunodeficiency disorder and CMV
viremia even prior to undergoing SCT were at the highest risk for developing CMV ocular disease. In our study

population, there were no cases of CMV ocular disease in patients with a history of organ transplantation, CMV-

Figure 2 Examples of fundus findings from our cases of pediatric CMV retinitis. (A) Color photo of left eye with hemorrhagic retinal necrosis (white arrow) and perivascular
sheathing (yellow arrow) predominantly involving the macula in a |-year old male with history of medulloblastoma and autologous hematopoietic progenitor cell
transplantation. (B) Optos photo of left eye showing centripetal perivascular retinal whitening (white arrow) in a 15-year-old male with acute lymphocytic leukemia on
maintenance chemotherapy of imatinib. (C) Color photos of right eye showing a central white granular lesion of the macula before (white arrow) and 2 months after
(Orange arrow) systemic antiviral treatment in a patient with SCID. There was no peripheral involvement in either eye for this patient.
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[ CMYV PCR becomes positive ]

\4
[ Consideration of risk ]

factors

f | \ \

History of malignancy or primary OTHER CATEGORIES: history
History of congenital CMV immunodeficiency disorder (e.g. History of solid organ transplant .
SCID) later requiring SCT of CMV-related organ disease,
- ~ / nonmalignant blood disorders,
l l l incidental finding of CMV
Ghekiere et al. : Larochelle et al.: 4 A SEEpOKivity dutiy Wadk-up
Baseline exam at birth, then Baseline exam for all undergoing SC"““‘“%’ lf_ symptomatic with
at 3 months. 6 months. then SCT non-mydriatic fundus camera or
aunuz;lly until 10_17 year’s of age ophthalmological examination
< g
Hiwarker et al.: N J
Pass: Screening exam if high viral
New baseline exam within 6-8 load, acute mismatched graft
weeks of stopping anti-viral following SCT, severe graft-vs-
medication host disease SCT
\ v
If develops CMV viremia If CMV viremia resolves:

If does not develop CMV

viremia following SCT: following SCT:

New baseline exam within 6-8

New baseline exam within 2 weeks from last positive CMV PCR|
Exam at 3 months post SCT, . .
weeks of seropositivity, then result, then screening
then at 12 months post SCT, 5 . 5
exam every 2 weeks while exam at 3 months, 12 months, then
then as needed / .
viremic as needed

Figure 3 Risk factor-based screening recommendations.

related organ disease, non-malignant blood disorders, or in the ‘other diagnoses’ group. With the caveat that not all CMV
serum positive patients underwent an eye exam in our study, our results agree with previous studies that have described
CMV ocular disease as an uncommon complication post-solid organ transplantation with a prevalence in the order of 0.1—
30,2122

None of the sites had an institution-specific protocol for screening patients who were CMV viremic. Although we
pooled patients from four large pediatric referral centers, the low number of cases of CMV ocular disease limited our
ability to identify statistically significant risk factors in this study other than for a history of SCID. There are some
inferences that can be made from our findings that add onto prior studies’ suggestions for screening and surveillance,
especially given most affected patients were status post-stem cell transplantation (Figure 3). For the low risk population,
ie, Non-malignant blood dyscrasia, solid organ transplants, an eye evaluation may only be warranted in these groups if
a child is symptomatic or too young or ill to communicate symptoms. However, an eye evaluation for this population
may still be warranted for other reasons (ie, use of high-risk medications such as steroids). For those patients with
persistent CMV viremia or with a high viral load, regardless of the underlying condition, an ophthalmology consultation
is likely warranted at the discretion of the primary team. For children with a history of congenital CMV, SCT, and
a primary immunodeficiency disorder like SCID, frequent screening exams are warranted as these groups appear to be at
higher risk for developing CMV ocular disease. Ghekiere et al*® and Pass® have previously recommended dilated fundus
examination at birth, 6 months, then annually for the first 10-12 years of life, as well as a follow-up eye exam following
cessation of any antiviral treatment to assess for recurrence of ocular disease in congenital CMV children. For children
with a history of SCT, Larochelle et al** have recommended a baseline eye evaluation for all children set to undergo SCT.
If a child did not develop CMV viremia, a 3-month post-SCT examination followed by a 12-month post-SCT examina-
tion sufficed. If a child developed CMV viremia, a new baseline eye exam was recommended within 2 weeks of CMV
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viremia then every 6-8 weeks while the child is viremic. Along the same thread, Hiwarkar et al** recommended baseline
screening for high risk children, which in their group included children with significant pre-transplant CMV viremia,
a history of a primary immunodeficiency disorder, severe graft-versus-host disease, and an acute mismatched graft. They
then recommended monitoring with serial eye exams every few weeks until resolution of CMV viremia. While we cannot
comment on the appropriate timing of ophthalmic screening exams based on the data from this study, the majority of our
patients who did develop CMV ocular disease had a history of SCT and a primary immunodeficiency disorder. Given the
severity of eye disease in our patients by the time of detection, we recommend a higher frequency of exams, every 2
weeks instead of 6—8 weeks, in the highest risk population. It is also worth noting that 9/13 children with suggestive
CMV ocular disease were asymptomatic. The need for a more standardizing eye exam protocol is further emphasized by
this vulnerable population as many will not or are unable to report symptoms. A lower threshold for a sedated eye exam
is also strongly recommended in this population if the patient does not allow for an adequate bedside exam. As initial
fundus findings in these high risk populations can be subtle, likely due the immunocompromised state of many of these
patients, more than a fly-by posterior pole exam is needed to definitively rule out ocular disease. Collaboration with stem
cell and oncology colleagues is critical in coordinating episodes of anesthesia for various procedures (ie, Bone marrow
biopsy, lumbar punctures, MRI’s, etc).

Limitations of this study include the inability to confirm that all eye findings were truly caused by CMV. Fluid from
the eye was not sent off in identified patients in this study. Ocular manifestations, if not explained by the underlying
condition, were presumed to be secondary to CMV given the variability of presentation of the disease depending on
severity, chronicity, and immune status of the host. Though the final visual outcomes were not reported in this study, the
most common presentation being retinitis is concerning as visual prognosis with CMV retinitis is most often devastating.
Another potential limitation of this study was that only patients with a positive CMV serum PCR at the included study
site were analyzed in the study. Patients who were viremic at another point in time previous to their admission or at
another site (another hospital/lab) would have been missed in this study. One of the main limitations for a purely
evidence-based screening protocol for CMV ocular disease is the low incidence of disease. Though we suspect stem cell
transplantation to be a significant risk factor for CMV ocular disease, we were unable to find statistical significance given
such low incidence of eye disease. Harnessing the numeric power of large national databases that are being developed
around the world, such as the Intelligent Research in Sight (IRIS) registry within the United States, will be important in
further elucidating the epidemiology of CMV ocular disease in the pediatric population. Such a registry would allow for
more rapid adaptability of the screening guideline when the detection methods for disease further improves just as it
occurred with availability of PCR.
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