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Unknown cytomegalovirus serostatus in primary
immunodeficiency disorders: A new category of transplant
recipients
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Division of Pediatric Allergy, Immunology and Bone Marrow Transplantation, UCSF Benioff
Children’s Hospital, University of California, San Francisco, CA, USA

2Department of Pediatrics, Vittore Buzzi Children’s Hospital, University of Milan, Milan, Italy

Abstract

Background: Cytomegalovirus (CMV) serostatus of recipient (R) and donor (D) influences
hematopoietic stem cell transplant (HSCT) outcome. However, it is not a reliable indicator of
CMV infection in primary immunodeficiency disorder (PIDD) recipients who are unable to make
adequate antigen-specific immunoglobulin (Ig) or who receive intravenous Ig (1V1g) prior to
testing.

Objective: Since no data exist on PIDD with unknown CMV serostatus, we aimed to evaluate the
relationship between pre-HSCT recipient and donor serostatus and incidence of CMV infection in
recipients with unknown serostatus.

Methods: A retrospective analysis of all pediatric PIDD HSCTs (2007-2018) was performed at
University of California San Francisco. Recipients were separated into categories based on pre-
transplant serostatus: 1) seropositive (R(+)), 2) seronegative (R(-)), and 3) unknown serostatus
(R(x)). Patients with pre-HSCT active CMV viremia were excluded.

Results: A total of 90 patients were included, 69% male. The overall incidence of CMV
infection was 20%, but varied in R(+), R(-), and R(x) at 80%, 0%, and 14%, (P-value = .0001).
Similarly, 5-year survival differed among groups, 60% R(+), 100% R(-), and 90% of R(x) (-
value = .0045). There was no difference in CMV reactivation by donor serostatus (P-value = .29),
however, faster time to clearance of CMV was observed for R(x)/D(+) group (median 9.5 days
(IQR 2.5-18), P-value = .024).
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Conclusion: We identify a novel group of recipients, R(x), with an intermediate level of survival
and CMV incidence post-HSCT, when compared to seropositive and seronegative recipients. No
evidence of CMV transmission from D(+) in R(-) and R(x) was observed. We believe R(x) should
be considered as a separate category in future studies to better delineate recipient risk status.

Keywords
Cytomegalovirus; hematopoietic stem cell transplant; infection; primary immunodeficiency;
serostatus

1| INTRODUCTION

Primary Immunodeficiency Disorders (PIDD) represent a heterogeneous group of inborn
errors of immunity, with susceptibility to opportunistic infections and/or autoimmunity.
While outcomes for hematopoietic stem cell transplant (HSCT) in PIDD continue to
improve, Cytomegalovirus (CMV) remains an important complication.1=3 The incidence of
CMV infection increases with the severity and the duration of the immunosuppression and
without prophylaxis reaches 70%—-80% in allogeneic bone marrow transplant seropositive
recipients.*~ CMV disease can manifest clinically with different organ involvement, of
which pneumonitis is the predominant manifestation, and can lead to significant morbidity
and mortality.28 CMV infections can occur as a result of reactivation of latent virus or, less
commonly, new infection. The cytomegalovirus status of recipient (R) and donor (D)
influences the outcome of HSCT.? Recipients who are CMV naive are potentially at risk of
contracting CMV from a CMV seropositive donor, through reactivation of latent virus
transferred at the time of HSCT.

The current guidelines for CMV management in patients with hematological malignancies
after HSCT from the 2017 European Conference on Infections in Leukemia (ECIL 7) as
well as the guidelines for Preventing Infectious Complications among Hematopoietic Cell
Transplantation Recipients of the American Society for Transplantation and Cellular
Therapy recommend a CMV-seronegative donor for a CMV-seronegative recipient and a
CMV-seropositive donor for a CMV-seropositive recipient, especially in allogeneic HSCT
with myeloablative conditioning.?10 Furthermore, ECIL7 recommends CMV 1gG pre-
transplant screening for all patients near the time of HSCT. Other guidelines, including the
British Committee for Standards in Haematology, emphasize the importance of testing all
potential HSCT recipients for the presence of CMV IgG status prior to starting therapies, to
avoid potential for inaccurate testing caused by passive transmission with transfusion of
CMV IgG-positive blood products.* However, CMV serostatus is not always reliable in
PIDD HSCT recipients, especially in patients whose antigen-specific immunoglobulin
responses are impaired (eg, severe combined immunodeficiency (SCID), or X-linked hyper-
IgM syndrome), and is uninterpretable in those who receive intravenous or subcutaneous
infusions of 1gG prior to testing of serostatus. In these patients, in the absence of a known
prior CMV infection, the categorization as seropositive or seronegative is unachievable and
the selection of the ideal donor becomes challenging. CMV is a recognized risk factor in
allogeneic transplant and identifying the appropriate complement of recipient-donor CMV
status is essential for an optimal outcome. Here, we aim to evaluate the relationship between
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R/D serostatus pre-HSCT and incidence of CMV infection post-HSCT, focusing specifically
on recipients with uncertain prior CMV exposure, R(X).

MATERIALS AND METHODS

This is a retrospective analysis of all allogeneic HSCT performed at UCSF Benioff
Children’s Hospital, San Francisco, from 2007 to 2018 for the treatment of PIDD, including
primary immune regulatory disorders (PIRD).11 PIDD classification is in accordance with
the 2019 1UIS phenotypical classification of inborn errors of immunity.12 This study was
approved by the UCSF Institutional Review Board in accordance with the Declaration of
Helsinki.

Data recorded by individual chart review include patient characteristics, donor type
(matched sibling donors, haploidentical donors, and unrelated donors), HSCT
characteristics, conditioning, graft-versus-host disease (GVHD), use of 1gG infusions,
antiviral prophylaxis, history of CMV infection pre- and post-HSCT, and outcome. During
the period of this study, CD34-selected peripheral blood stem cell (PBSC) was used when
donors were haploidentical 1314

Recipients were separated into categories based on their pre-transplant CMV serostatus: 1)
seropositive (R(+)) or known resolved CMV infection, 2) seronegative (R(-)), and 3)
unknown (R(x)). Nine patients with pre-HSCT active CMV infection were excluded from
this analysis. Patients included in the category of unknown serostatus were those who had an
immune defect resulting in impaired antibody production or those with positive CMV IgG
within 3 months after receipt of 1g infusion, with negative quantitative real-time polymerase
chain reaction (RT-PCR) for CMV. Patients classified as seronegative had negative CMV
serologies and a PIDD not associated with a defect in antibody production (1gG, IgA, and
IgM) or one that, despite the underlying defect, demonstrated adequate specific antibody
response to tetanus, diphtheria, and pneumococcal vaccines. 1gG, IgA, and IgM levels were
assessed with respect to age-matched reference intervals. Protective titers to tetanus,
diphtheria, or pneumococcal vaccines were determined by UCSF Clinical Immunology
Laboratory with a standardized cut-off.1 Pre-transplant testing for recipient included CMV
IgG and RT-PCR within 30 days prior to HSCT.

RT-PCR with a lower limit of detection of 137 IU/mL was sent weekly after admission for
HSCT until day + 100 or until T-cell reconstitution, whichever came later. Indications for
therapy included detection of PCR copy number above the UCSF Laboratory cut-off, early
reactivations (<30 days post-HSCT) below the cut-off, and reactivations below the cut-off in
high-risk patients (defined as patients who received a T-cell depleted transplant or an
umbilical cord blood transplant, conditioning with alemtuzumab, previous CMV
reactivations, GVHD, on steroids, and/or in the R(+)/D(-) group). Strategies for therapy
were applied as per UCSF protocol and current guidelines. CMV infection was considered
as CMV viremia without any systemic or organ involvement, while CMV disease comprised
both symptoms of infection and documented viral culture, PCR, or direct antigenemia assay,
testing from the infected site or blood.

Transpl Infect Dis. Author manuscript; available in PMC 2022 April 01.
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Survival was evaluated at 100 days, 1 year, and 5 years or last follow-up post-transplant.
When patients required > 1 HSCT, the initial one was considered for evaluation. All
transplant risk factors for CMV infection were evaluated using a XZ test or a Fisher exact
test for categorical variables, and ANOVA test or a Wilcoxon Rank Sum test for continuous
variables. The incidence of CMV infection or reactivation was assessed using a Kaplan-
Meier graph and log-rank test. Overall survival was estimated from the date of the first
infusion to the date of death owing to any cause or to the date of last follow up, with a
Kaplan-Meier and log-rank test. Incidence of post-transplant complications, such as GVHD,
was estimated by cumulative incidence function for competing risk events. Statistical
significance was set at < .05. Statistical analysis was performed with STATA 16
(StataCorp. 2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp
LLC.).

RESULTS

Patient characteristics

Ninety PIDD patients without active CMV infection at time of HSCT were included in this
study, of whom 62 (69%) male and 28 (31%) females. Donors included 42 (47%) matched
unrelated donor and 48 (53%) related donors (34% matched related siblings and 66%
haploidentical donor). Patients’ characteristics and general complications/outcomes are
summarized in Tables 1 and 2. The specific diagnoses of all patients in the three recipient
serostatus categories are reported in Table 3. Median follow-up was 6 years (IQR 4-9 years).

CMV infection: incidence and risk factors

Our analysis showed a strong association between recipient category and CMV infection
post-HSCT: the overall occurrence of CMV in this PIDD cohort was 20%, but varied
dramatically in those who were R(+), R(-), and R(x) at 80% (95% confidence interval (Cl),
0.44-0.97), 0% (95% CI, 0-0.30), and 14% (95% ClI, 0.07-0.24), respectively (P-value
<.001) (Table 4; Figure 1). Of the R(X) patients, 34 (48.6%) received a graft from D(+),
while 36 (51.4%) from a D(-).

In most cases, CMV presented as viremia alone (78%). The characteristics, treatments, and
outcomes of patients with post-HSCT CMV infection are shown in Table 5. CMV post-
HSCT was seen in 18/90 (20%) at a median time of 18.5 days post-HSCT (IQR 4-35). The
median peak of CMV viral load was 1726.5 Ul/mL (IQR 728-14,412). Virus clearance was
observed in 16/18 (89%) patients, with a median time of clearance of 40 days (IQR 31-83).
Two patients died with active CMV viremia, one for respiratory failure and one for infection
of Human parainfluenza virus, although both with no present CMV disease and negative
bronchoalveolar lavage (BAL) for CMV.

Tables 1 and 2 show variables associated with CMV infection for recipients at risk, R(+) and
R(x), in univariate analysis, including: age at transplant (42 months (IQR 8-97) for those
who had CMV infection versus 6 months (IQR 3-17), p-value = 0.008) and use of systemic
steroid post-HSCT (p-value = 0.026).

Transpl Infect Dis. Author manuscript; available in PMC 2022 April 01.
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In univariate analysis, there were no correlations between CMV infection and donor relation
(p-value = 0.55), T-cell depleted transplants (p-value = 0.44), or use of alemtuzumab in the
conditioning regimen (p-value = 0.28). Four (22%) recipients experienced > 1 reactivation.
Of those with aGVHD, 3 (15%) experienced > 1 CMV reactivation post-HSCTs, versus 1
(1.4%) of those without aGVHD (p-value = 0.008).

Regarding other concomitant infections (see Table S1 in the Online Repository), 6/18 (33%)
patients with CMV infection post-HSCT had also HHV6 infection, (P-value = .006). There
were no correlations between CMV infection and occurrence of other dsDNA virus (P-value
> .05) or other virus infection (p-value > 0.05), while there was a positive correlation with
bacterial infection (P-value = .043).

CMV infection and donor serostatus

Overall, there was no difference in CMV infection by donor serostatus, 25% for D(+) versus
14% for D(-) (P-value = .29) (Table 4); this was confounded by preferential selection of
seropositive donors for seropositive recipients. When considering R(x), there was no
difference in subsequent reactivation by donor serostatus (P-value = .92). However, as shown
in Figure 2 there was a significant association with time to clearance, with a median time to
clearance for R(x)/D(+) group of 15 days (IQR 4-20) versus 198 days (IQR 74-231) for
R(X)/D(-) group (p-value = 0.0124). Moreover, there was a significant association with the
total duration of therapy in treated infected R(x), with a median duration of therapy for
R(x)/D(-) group of 137 days (IQR 87-201) versus R(x)/D(+) group of 21 days (IQR 0-48),
(p-value = 0.032). There were no statistically significant differences in peak viral load for
infected R(x) patients among D(+) and (D-) (P = .23), with a median of 600 UI/mL (IQR
600-1000) for R(x)/D(+) versus 7500 (IQR 1000-55058) for R(x)/D(-) group. Likewise, for
R(x) patients with subsequent CMV infection, there were no differences based on donor
CMV serostatus either in onset of CMV infection post-HSCT (p-value = 0.26) or in severity
of CMV presentation (~-value = .44).

3.4| CMVinfection and outcome

The estimated survival at 100 days, 1 year, and 5 years or last follow-up post-HSCT was
97% (95% Cl, 0.91-0.99), 93% (95% Cl, 0.86-0.98), and 88% (95% ClI, 0.81-0.95),
respectively. Our analysis showed a significant correlation between post-HSCT CMV
infection and survival at 100 days (P-value = .04), with 89% (95% CI, 0.65-0.99) of patients
alive; however, we found no significant findings at 1-year (P-value = .057) and at 5-years
post-HSCT (P-value = .4), with 83% (95% ClI, 0.59-0.96) of patients alive at both 1-year
and 5-years post.

As shown in Figure 3, there was a significant difference in 5-year overall survival in those
who were R(+) versus R(-) and R(x), at 60% (95% CI, 0.26-0.88), versus 100% (95% ClI,
0.70-1.0) and 90% (95% CI, 0.80-0.96), respectively (P=.0045). The 5-year overall
survival for the R(x) group by donor status was 92% (95% CI, 0.77-0.98) for D(-) versus
88% (95% Cl, 0.73-0.97) for D(+) (P-value = .63).

Transpl Infect Dis. Author manuscript; available in PMC 2022 April 01.
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Despite advances in prophylaxis and treatment, CMV infection remains a significant
complication for patients undergoing allogeneic HSCT. The majority of data on CMV
infection after allogeneic hematopoietic stem cell transplantation is derived from patients
with hematological malignancies.16:17 CMV serology in many PIDD patients is unreliable as
a result of impaired antigen-specific antibody production. Therefore, patients with negative
PCR and past primary CMV infection may be incorrectly classified as ‘CMV seronegative’.
Instead, we propose a new category of ‘CMV unknown’/ R(x), which demonstrates a post-
HSCT CMV infection rate well below that of CMV seropositive recipients, but above that of
‘true” CMV seronegative recipients. To our knowledge, this is the first study that investigates
the CMV unknown serostatus recipient in PIDD patients.

Patients, during pre-transplant evaluation, are usually classified into three categories of risk
based upon their CMV serostatus: low (R-/D-), intermediate (R—/D+ < R+/D+), and high
risk (R+/D-).#18 CMV infection is rare in the low-risk group, reported between 5% and 7%;
in the intermediate group for R(=)/D(+) it is approximately 20% to 30%, while for R(+) is
70 to 80%, described by some authors as independent from donor serostatus, whereas by
others slightly higher in R(+)/D(+) matching.46-1%-21 |n our PIDD cohort, the incidence of
CMV varied between categories, with an infection rate of 80% in R(+), 0% in R(-), and
14% in the new category R(x).

Additionally, we found that there is no correlation between incidence of CMV infection and
donor serostatus. Thus, it may be appropriate to consider the potential benefits of choosing a
CMV-seropositive donor. The ability to control CMV infection in the setting of HSCT is
mediated by CMV-specific memory T lymphocytes passively transferred with the graft.22-24
Rapid reconstitution of CMV-specific CD8+ T cells and CD4+ T cells in R(+)/D(+),
compared to R(+)/D(-), has been highlighted in several studies, with R(+)/D(+) group
producing a higher amount of multifunctional CD8+ T cells secreting significant quantities
of IFNy and TNFa..225-29 Qur data confirm that of other studies, showing the negative
effects of serological matching R(+)/D(-) transplants: immunological anti-CMV
reconstitution is prolonged because of the lack of CMV-specific memory T cells and this
leads to increased risk of CMV disease, occurrence of late reactivation of CMV, repeated
reactivations with longer episodes, and decreased survival.2%3%:31 Fyrthermore, we observed
a longer duration of therapy in group R(x)/D(=), which is consistent with published data.?
This prolonged exposure to antiviral drugs could potentially lead to increased side effects,
and the use of antiviral therapy for longer than 4 weeks has been reported as a risk factor for
late CMV disease.32:33 Finally, in the event of CMV infection, patients could benefit from
transfer of donor immune effectors and potentially receive donor-derived CMV-specific T
cells.34

Our data suggest that pre-transplant seropositivity of recipients is one of the most important
predictors of both poor survival and CMV reactivation, with 80% reactivation rate in our
population. These data are consistent with previous studies, where CMV seropositivity is
important not only for predicting CMV reactivation but also as a marker of poor outcome of
HSCTs.27:17.35 This specific group of patients may benefit from novel prophylaxis strategies

Transpl Infect Dis. Author manuscript; available in PMC 2022 April 01.
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and measures. Our analysis also shows some indirect effects of CMV. We noted a significant
correlation between CMV infection and incidence of HHV®6 infection, as well as with
bacterial infections, similar to what is reported in patients undergoing solid organ transplant.
32,36 Concurrent infection with more than one dsDNA virus is not uncommon following
cord blood transplant and T-cell depleted transplant, and appears to be associated with
adverse outcomes.2337 Additionally, our study supports previous observations
demonstrating significant correlations between CMV infection and age at transplant and use
of systemic steroids, in fact a significantly higher percentage of subjects who received
systemic steroids developed CMV infection post-HSCT.?:6:30.32 Finally, aGVHD is

associated with more than one CMV reactivation post-HSCT, as has been shown elsewhere.
5,38,39

Key limitations of this analysis are a relatively small sample size and the retrospective nature
of the study.

Here, we identify a novel risk group of patients with ‘unknown’ CMV serostatus, where the
risk of CMV reactivation is estimated to be 14% (95% ClI, 95% ClI, 0.07-0.24). We
identified no increase in post-HSCT CMV infections for any recipient CMV serostatus
category when using a CMV-seropositive donor, suggesting that transfer of infection from
CMV-seropositive donors is a rare event. Instead, there appears to be some benefits also of
viral clearance when a R(+) donor was utilized. Therefore, in the era of readily available
donor-derived anti-CMV CTLs, it may be prudent to purposefully select CMV-seropositive
donors for recipients with unknown CMV serostatus. Future studies including PIDD patients
should utilize the CMV serostatus-unknown status, R(x), to better delineate recipients risk
status.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Incidence of CMV infection by recipient serostatus: Kaplan-Meier graph showing the

incidence of CMV infection (y) after HSCT (x) in seropositive category R(+), unknown
serostatus R(x), and seronegative R(-)
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FIGURE 2.
Time to clearance of CMV infection: time in days to clearance of CMV infection in the

unknown serostatus category R(x), compared between the two donor groups, D(+) and D(-)
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Survival by CMV serostatus: Kaplan-Meier graph showing survival (y) at 5 years post-
HSCT or at last follow-up (x) in seropositive R(+), seronegative R(-), and unknown
serostatus R(x)
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TABLE 3
Distribution of PIDDs by serostatus
Diagnosis R(X):N=70 R(+):N=10 R(-):N=10
Defects with poor production of specific 1gG
ZAP70 mutation 2 1§
CD40 ligand deficiency 4 1¢
IKBa deficiency 1
PIK3CD mutation 1
STAT3 GOF mutation 1
IPEX syndrome 1 11
XLP 3 1§
SCID 41
WAS 11
Cartilage Hair Hypoplasia 2 1§
CID (not known gene defect) l-f
Defects with intact production of specific 1IgG
Chediak-Higashi syndrome 1
Dyskeratosis congenita 17‘
Cl1q deficiency 17‘
HLH 1 7 5 3
CGD 1 1
Congenital neutropenia 1
IL-10R deficiency 1 1

Note: Distribution of PIDDs by serostatus: PIDDs has been divided into two none: defects in production of specific 1gG and capable of production
of specific IgG.

Abbreviations: CGD, chronic granulomatous diseasCID, combined immunodeficiency; HLH, hemophagocytic lymphohistiocytosis; IPEX, Immune
dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome; PIDDs, primar y immunodeficiency disorders; R(-), seronegative; R(+),
seropositive; R(x), unknown CMV serostatus; SCID, Severe combined Immunodeficiency; WAS, Wiskott-Aldrich syndrome; XLP, X-linked
lymphoproliferative syndrome.

fCMV 1gG + and no passive immunity.

’tCMV 19G + while on IVIg.

§Despite the underlying defect, these patients demonstrated specific antibodies to tetanus, diphtheria, and pneumococcal vaccines.
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TABLE 4
CMV Reactivation

Donor (+) Donor (-) Total
Recipient (+)  78% (7/9) 10 0% (1/1)  80% (8/10)
Recipient () 0% (0/5) 0% (0/5) 0% (0/10)
Recipient (x)  15% (5/34)  14% (5/36)  14% (10/70)
Total 25% (12/48)  14% (6/42)  20% (18/90)

Note: CMV Reactivation: distribution into three categories R(+), R(-), and R(X) and correspondent matching with D(+) and D(-).
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Characteristics, Treatments, and Outcomes of the 18 CMV infected patients

CMV Recipient category
Seropositive

Unknown

Infection, median days post-HSCT (IQR)

CMV maximum viral load, median (IQR)

Clinical findings
Viremia
Pneumonia
Retinitis & Enteritis
Detection of CMV in BAL
Genotype UL97
Positive/tested
Genotype UL54
Positive/tested
Positive overall incidence
First-Line CMV therapy
Foscarnet
Ganciclovir
Cidofovir
Ganciclovir + Foscarnet
Foscarnet + Leflunomide
None
Second-Line CMV therapy
Valganciclovir
Foscarnet

Cidofovir

Coartem + Leflunomide 7
Intraocular Foscarnet Administered
CMV-Enriched 1V1g Administered
Unmodified DLI Administered
Duration of total therapy, median days (IQR)

Clearance

Time of Clearance, median days (IQR)

> 1 reactivation post-HSCT

TABLE 5

8 (44%)
10 (56%)

18.5 (4, 35)

1726.5 (728-14412)

14 (78%)
3(16)

1 (6%)

2 (11%)

017 (0%)

17 (25%)
1 (6%)

7 (40%)
7 (40%)
1 (5%)
1 (5%)
1 (5%)
1 (5%)

2 (22%)
2 (22%)
4 (45)

1 (11%)

1 (6%)

5 (28%)

1 (6%)

40 (31.5-82.7)
16 (89%)

31.5 (11-169)
4 (22%)

Page 18

Abbreviations: BAL, bronchoalveolar lavage; CMV, cytomegalovirus; DLI, Donor Lymphocy te Infusions; 1V1g, Intravenous immune globulin.

7‘This patient, who received an atypical therapy, is the one who had UL54 mutation.
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