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Abstract
The presence of active viral infections has an impact on the prognosis of patients undergoing hematopoietic stem cell
transplantation (HSCT). Nevertheless, the number of reports of cytomegalovirus infection in patients with inborn errors of
immunity (IEI) who undergo HSCT is relatively low. To analyze the effect of cytomegalovirus infection acquired prior to
curative treatment on patient survival in 123 children with IEI. An observational and retrospective study was performed with
patients younger than 18 years diagnosed with IEI who were candidates for HSCT, gene therapy, or thymus transplantation
at five hospitals in Spain between 2008 and 2019. We included 123 children, 25 infected by cytomegalovirus prior to under-
going curative treatment (20.3%). At IEI diagnosis, 24 of the patients were already infected, 21 of whom had symptomatic
cytomegalovirus disease (87%), while the other three patients developed disease before undergoing curative treatment. The
patients with cytomegalovirus infection had higher mortality than those without (p =0.006). Fourteen patients developed
refractory cytomegalovirus infection (56%), all of whom died, while no patients with non-refractory infection died (p=0.001)
All deaths that occurred before curative treatment and three of the five after the treatment were attributed to cytomegalovi-
rus. Patients with refractory cytomegalovirus disease had the highest pre-HSCT mortality rate (64.3%), compared with the
non-infected children and those with non-refractory cytomegalovirus disease (10.1%) (p <0.0001).

Conclusion: Prevention and prompt control of cytomegalovirus infection, together with early HSCT/gene therapy, are
crucial for improving the prognosis in children with IEI.

What is Known:

o Cytomegalovirus is the most frequent viral infection in children with inborn errors of immunity who are candidates to hematopoietic stem
cell transplantation (HSCT).

o Active viral infections at the time of HSCT lead to worse prognosis.

What is New:

o [n children with inborn errors of immunity and indication of HSCT, refractory cytomegalovirus disease is associated with a very high
mortality rate, compared with non-infected children and those with non-refractory cytomegalovirus disease.

o [n patients with novel transplantation indications, the presence and treatment response of CMV infection should be considered to decide the
best possible moment for HSCT.
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IPEX Immunodysregulation, polyendocrinopathy, and
enteropathy X-linked

IQR Interquartile range

LRBA Lipopolysaccharide-responsive and beige-like

anchor protein
OR Odds ratio

SCID  Severe combined immunodeficiency
TDM  Therapeutic drug monitoring
Introduction

Inborn errors of immunity (IEI) are genetic disorders that
compromise innate and/or adaptive immune responses.
Within these conditions, combined immunodeficiency (CID)
and severe CID (SCID) are characterized by T, B, and NK
cell defects that predispose patients to developing severe
infections and immune dysregulation. Among patients with
SCID, those undergoing hematopoietic stem cell transplan-
tation (HSCT) or gene therapy (GT) in selected cases very
early in life have the best prognosis [1, 2], even more so if
promptly diagnosed by newborn screening [3, 4]. To com-
pletely restore T, B, and natural killer cell function and,
consequently, improve survival, HSCT is currently recom-
mended for patients with CID due to specific genetic defects
such as CD40 ligand gene abnormalities and major histo-
compatibility complex class II deficiencies [3] and for many
other patients such as those with severe clinical phenotypes
irrespective of their genetic basis [5].

Early HSCT before the onset of a significant viral infec-
tion with organ dysfunction results in better outcomes for
patients with IEI [1, 2]. The presence of active viral infec-
tions at the time of transplantation in patients with CID/
SCID has a significant impact on prognosis and long-term
survival [1, 6, 7], whereas there are hardly any data on
patients with other IEI undergoing HSCT.

Although up to 70-90% of the world’s population has
been exposed to cytomegalovirus [8], most of these infec-
tions are asymptomatic in immunocompetent individuals. In
contrast, cytomegalovirus infections in immunocompromised
patients can be life-threatening [9]. Cytomegalovirus is the
most frequent viral pathogen in patients diagnosed with IEI
prior to HSCT and is a risk factor for pre- and post-HSCT
morbidity and mortality [9-11]. Cytomegalovirus disease
prior to HSCT appears to be significantly more common in
patients with IEI than in patients who undergo HSCT for
other diseases, due to their profound pre-procedural lympho-
penia and/or functional lymphocyte defects [1, 7-9]. Never-
theless, the number of reports on cytomegalovirus infection
in IEI patients is relatively low [7-9, 12].

Our aim was to analyze the impact of cytomegalovirus
infection on patient survival in a multicenter cohort of 123
children with IEI prior to potentially curative treatment
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(HSCT, GT, or thymus transplantation) by comparing those
who acquired cytomegalovirus infection before treatment
with those who did not.

Patients and methods

We conducted an observational, descriptive, and retrospec-
tive study with patients younger than 18 years diagnosed
with IEI who were candidates for potentially curative treat-
ment (HSCT, GT, or thymus transplantation) [13], at five
tertiary university hospitals that are reference centers for IEI
in Spain, between January 2008 and May 2019. At the time
of the study, newborn screening for SCID in Spain had still
not been implemented, except for Catalonia, which estab-
lished it in January 2017.

The study included all children who were definitively
diagnosed with an IEI (according to the International Union
of Immunological Societies Expert Committee classifica-
tion) in whom HSCT, GT, or thymus transplantation was
indicated [14], except those with congenital phagocyte
defects due to their low risk of pre-HSCT cytomegalovirus
disease. Children with probable SCID/CID according to the
European Society for Immunodeficiencies criteria were also
included [15].

Cytomegalovirus infection was defined as virus isolation
or detection of viral proteins (antigens) or nucleic acid in any
body fluid or tissue specimen (plasma, serum, whole blood,
peripheral blood leukocytes, cerebrospinal fluid, bron-
choalveolar lavage fluid, urine, or tissue samples). Cyto-
megalovirus disease was defined as the presence of clinical
symptoms and/or signs in the context of proven cytomeg-
alovirus infection [16]. Resistant and refractory cytomegalo-
virus infections were established according to the Working
Group of the Cytomegalovirus Drug Development Forum
from the Infectious Disease Society of America. Resistant
infection was defined as the presence of genetic alterations
that decreased susceptibility to one or more antiviral drugs.
Refractory and probable refractory CMV infection were
established when CMV viremia increased more than 1 log,
or when viral load did not decrease at least 1 log,, after
at least 2 weeks of appropriately dosed antiviral therapy,
respectively [17].

The patients’ clinical and laboratory data were retrospec-
tively reviewed by accessing their medical records. The fol-
lowing data were collected: sex, date of birth, age at clinical
onset and at diagnosis of the IEI, confirmed genetic defect,
breastfeeding, blood transfusions, cytomegalovirus infection
or cytomegalovirus disease at diagnosis, and microbiologi-
cal results. In addition, the study collected data regarding
prescribed anti-cytomegalovirus therapies and their toxic-
ity; cytomegalovirus resistance test results (if performed);
indications for HSCT, GT, or thymus transplantation and
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procedure date (if performed); mortality; and cause of death.
Patients were treated according to the physicians’ criteria,
and the indication for curative treatment was based on cur-
rent knowledge [13]. The patients were grouped according to
the presence of cytomegalovirus infection. Those who were
cytomegalovirus-positive were further classified depend-
ing on the development of refractory or probable refractory
infection [17].

A statistical data analysis was performed using IBM Sta-
tistical Package for Social Sciences program (SPSS for Win-
dows, version 25.0, IBM SPSS Corp.; Armonk, NY, USA).
Qualitative data are expressed as absolute and relative fre-
quencies, and quantitative data are expressed as median and
interquartile range (IQR). The categorical variables were
compared using chi-squared and Fisher’s exact test, and the
continuous variables were compared with Student’s t-test or
non-parametric tests as appropriate. The relative risks are
expressed as odds ratio (OR) with 95% confidence intervals
(CI). A two-tailed value of p <0.05 was considered statisti-
cally significant.

Ethics approval for this study was first granted by the eth-
ics committee of La Paz Hospital (decision number, PI-3807;
decision date, 30th October 2019) and subsequently by the
ethics committees of all participating hospitals.

Results

We included 123 children with IEI: 118 were initially con-
sidered candidates for HSCT, 3 were considered for GT (all
of them diagnosed with adenosine deaminase deficiency),
and 2 twins were considered for thymus transplantation
(TBX1 deficiency) [18]. Eighty-five (69.1%) patients were
male, and the median age at diagnosis was 6.97 months
(IQR 3-15.52). Sixty-nine patients (56.1%) had SCID (five
of whom had Omenn syndrome), 43 (35%) had CID, and 11
(8.9%) had other IEI. Genetic confirmation was achieved
in 104 cases (84.6%), as summarized in Supplementary
Table 1.

Of the candidates for HSCT, 86 (69.1%) ultimately
underwent transplantation, and the median age at HSCT
was 16.42 (IQR 9.15-45.09) months. Forty-three (36.4%)
patients died, 18 before (15.2%) and 25 after the procedure
(21.2%). Eleven children diagnosed with IEI other than
SCID are currently stable without having undergone HSCT
or other curative procedures. Only one of the patients (with
lipopolysaccharide-responsive and beige-like anchor protein
[LRBA] deficiency) had cytomegalovirus infection with a
good clinical and microbiological response to ganciclovir.
Three patients were lost during the follow-up period before
HSCT. In addition, three patients were initially treated with
GT (2.4%), all of whom survived. The twins with TBX1
deficiency died before undergoing a thymus transplantation

due to severe congenital cytomegalovirus disease at the age
of 3 and 4 months, respectively.

There were 25 patients infected by cytomegalovirus prior
to undergoing potentially curative treatment (20.3%). Three
of the cases involved congenitally acquired cytomegalovirus
(12%), all of whom died. Genetic diagnoses were available
for 21 of the 25 patients (84%) (Supplementary Table 1). At
IEI diagnosis, 24 of the 25 patients were already infected, 21
of whom had symptomatic cytomegalovirus disease (87%),
while the other three developed the disease before undergo-
ing potentially curative treatment, with the remaining patient
infected after the IEI diagnosis.

The median age at the diagnosis of cytomegalovirus
infection was 6.39 months (IQR 3.37-19.16). Thirteen
children had been breastfed (52%), but the cytomegalovi-
rus PCR results in breast milk were available for only five
cases, four of which were positive. Five patients (20%)
had undergone non-irradiated non-leukodepleted blood
transfusions before diagnosis. The main characteristics
and treatments of the cytomegalovirus-infected children
are summarized in Table 1. There were no significant dif-
ferences in blood median peak viral loads between the sur-
vivors (138,000 copies/mL (IQR 4400-550,000)) and non-
survivors (580,000 copies/mL (IQR 63,000-6,600,000))
(p=0.322). The date of peak viral load was available in
21 cases and occurred before the initiation of antiviral
treatment in 11 of them (52%). Three patients were tested
for drug resistance due to unresponsiveness to antiviral
therapy, and the UL97 mutation C603W was found in one
of them, reported elsewhere [19]. The baseline charac-
teristics and outcomes of the cytomegalovirus-infected
and non-infected patients are summarized in Table 2.
The cytomegalovirus-infected patients had significantly
higher mortality than the non-infected ones (OR 4.23;
95% CI 1.68-10.66). The patient outcomes according to
the presence of cytomegalovirus infection are summa-
rized in Fig. 1. Fifteen cytomegalovirus-positive patients
underwent HSCT, nine of whom had a cytomegalovirus-
seropositive donor (mortality 44%; 4/9), and four had a
cytomegalovirus-seronegative donor (mortality 50%; 2/4).
For two patients, the donor’s cytomegalovirus serostatus
was unknown (mortality 50%; 1/2). Reduced-intensity
conditioning was employed in nine patients, four of whom
died (44%). A myeloablative conditioning regimen was
employed in four patients, three of whom died (75%). In
two patients (both of whom survived), we could not obtain
information regarding the conditioning regimen used.
Eight of the fifteen transplanted children had been diag-
nosed with SCID (53%), although none of them received
an unconditioned stem cell infusion. Up to 60% of the
CMV-infected patients who underwent HSCT received
serotherapy in their conditioning regimen (9/15) dying 44%

@ Springer



3892

European Journal of Pediatrics (2022) 181:3889-3898

Table 1 Clinical and
microbiological characteristics
of the children with inborn
errors of immunity and
cytomegalovirus infection
(n=25)

@ Springer

n (%)

Clinical features®:

e Respiratory symptoms/hypoxemia 18 (72)

e Fever 16 (64)

e Diarrhea 11 (44)

e Hepatitis 8 (32)

e Neurological symptoms 8 (32)

e Retinitis 7 (28)

e Asymptomatic (only viremia) 2(8)
Highest viral load prior to HSCT (copies/mL, median, and IQR) 325 000

(5 400-2 100 000)

Coinfection by other viruses’ 10 (40)
Other coinfections® 10 (40)
Oxygen therapy 16 (64)
Invasive mechanical ventilation due to CMV infection 10 (40)
PICU admission due to CMYV infection 11 (44)
Length of PICU stay, days; median (IQR) 15 (8.5-29)
Antiviral therapy

o Ganciclovir/valganciclovir 25 (100)

e Foscarnet 8(32)

e Cidofovir 3(12)

e Leflunomide 2(8)

o Anti-CMV hyperimmune globulin 4(16)

o Adoptive therapy with CMV specific T-cells prior to HSCTY 2(8)
Number of drugs prescribed for CMV treatment (sequentially and/or in

combination)

ol 15 (60)

°2 7 (28)

e 3 or more 3(12)
Treatment duration, days; median (IQR)

e Ganciclovir/valganciclovir 36 (20.8-90)

e Foscarnet 29.5 (19.8-50.8)
Treatment toxicity®: 4 (16)

e Hematologic 3(12)

e Hepatic 1(4)

e Renal 14)

BAL bronchoalveolar lavage, CMV cytomegalovirus, CSF cerebrospinal fluid, HSCT hematopoietic stem
cell transplantation, PICU pediatric intensive care unit, /QR interquartile range

2CMV was isolated from blood and BAL; blood and CSF; blood, BAL, and CSF; and blood and urine in
one patient each

®Viruses: Epstein-Barr virus (3 cases), respiratory syncytial virus (3), adenovirus (2), norovirus (2), entero-
virus (1), parainfluenza (1), parvovirus B19 (1). One patient was infected by enterovirus, norovirus, and
respiratory syncytial virus and another by Epstein-Barr virus, norovirus, and adenovirus

“Other coinfections: Prneumocystis jirovecii (6), Pseudomonas aeruginosa (2), Candida spp. (2), Campylo-
bacter jejuni (1), Cryptosporidium parvum (1), Aspergillus spp. (1), Serratia marcescens (1), Stenotropho-
monas maltophilia. One patient was infected by Candida and C. jejuni, another by C. parvum, P. aerugi-
nosa, and Aspergillus spp., and other by P. jirovecii, Candida spp., and S. marcescens

4This therapy failed to control CMV load in these two patients, dying both of them before receiving HSCT

°One patient experienced both hematological and renal toxicity. He received ganciclovir, foscarnet, cidofo-
vir, CMV-specific hyperimmune globulin, and CMV-specific T cells
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Table 2 Comparison of baseline
characteristics and outcomes

CMV-non-infected

CM V-infected patients p

. . patients (n =98) (n=25)*
according to cytomegalovirus
infection status Male sex, n (%) 70 (71.4) 15 (60) 0.333
Median (IQR) age at diagnosis, months 6.94 (3.02-15.08) 7.26 (2.98-20.03) 0.772
Type of immune defect, n (%) 0.008
- SCID 60 (61.2) 11 (44)
-CID 34 (34.7) 7 (28)
- Other 4 (4) 7 (28)
Median (IQR) age at diagnosis according
to type of immune defect, months
- SCID 6.1(2.77-9.62) 6.32 (2.97-9.94) 0.812
- CID 7.97 (3.13-24.81) 6.69 (1.84-28.66) 0.522
- Other 73.55 (22.87-92.42) 18.84 (5.21-68.4) 0.201
Gene therapy, n (%) 3@3.D 0 1
HSCT, n (%) 71(72.4) 15 (60) 0.333
Median age at HSCT, months
- SCID 11.69 (6.89-22.32) 11.83 (6.42-51) 0.846
- CID 26.68 (16.58-61.11) 36.27 (11.64-58.13) 0.633
- Other 81.89 (16.26-147.52) 53.32 (7.77-104.61) 0.564
Mortality, n (%) 29 (29.6) 16 (64) 0.002
Mortality before HSCT, n (%) 11(11.2) 9 (36) 0.006

Significant differences are shown in bold

CID combined immunodeficiency, CMV cytomegalovirus, HSCT hematopoietic stem cell transplantation,
IQR interquartile range, SCID severe combined immunodeficiency

424 of these 25 patients developed CMV disease

of them (4/9), while three out of the six CMV-infected
patients who did not received it died (50%).

Fourteen patients (56%) developed refractory or prob-
able refractory cytomegalovirus infection (56%), all of
whom died, nine before HSCT and five after it (Fig. 2). All
deaths that occurred before HSCT and three of the five that
occurred after it were attributed to cytomegalovirus (86%).
As for the other two cytomegalovirus-positive patients who
died, one developed disseminated toxoplasmosis, and the
other had non-filiated interstitial pneumonia with respiratory
failure; however, the etiology remained unknown. Patients
with refractory cytomegalovirus disease had the highest
pre-HSCT mortality rate (9/14, 64.3%), compared with the
non-infected children and those with non-refractory cyto-
megalovirus disease (11/109, 10.1%) [OR 16.04, 95% CI
4.56-56.45; p <0.0001].

Discussion

Our series reports on 123 children with IEI, 25 of whom
were infected by cytomegalovirus prior to undergoing poten-
tially curative treatment. All infected patients except one
developed cytomegalovirus disease, which was refractory
in 56% of cases. Mortality was significantly higher than for
the cytomegalovirus-negative children, especially in pre-
transplantation settings, with all the children with congenital

cytomegalovirus or with refractory disease dying. Patients
with refractory cytomegalovirus disease had the highest pre-
HSCT mortality rate compared with the non-infected chil-
dren and those with non-refractory cytomegalovirus disease.

Viral infections are one of the leading causes of death
among patients with IEI [1, 6, 7]. Al-Herz et al. conducted
a study to identify the risk factors that predict mortality in a
national registry of 176 patients with IEI. Cytomegalovirus
was the most frequently identified virus and an independ-
ent predictor of death, increasing this risk 2.8-fold. That
series included all types of IEI, although the authors did not
separately analyze patients with an indication for HSCT/GT.
However, HSCT was associated with improved survival [7].

Since that study was performed, new indications for
HSCT have been established in patients with IEI [20]. How-
ever, important questions are being raised, such as what type
of IEI or which conditions could change the clinical outcome
[3]. For many of these patients with novel transplantation
indications, viral infections pose a significant risk when
patients undergo HSCT, especially when they experience
a pre-existing infectious burden that they bring to trans-
plantation [20]. In our cohort, the children diagnosed with
IEI other than SCID/CID, such as LRBA deficiency and
immune dysregulation, polyendocrinopathy and enteropathy,
and X-linked (IPEX) syndrome, were significantly more fre-
quently infected by cytomegalovirus than those with SCID/
CID, although they were also older.
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Fig. 1 Outcomes of patients
with inborn errors of immunity
according to the presence of
cytomegalovirus infection

123 children with |EI

CMV infection

No Yes
n=98 n=25
Died before procedure Pre-proce_dure mortality Died before procedure
n=11 (11.2%) p=0.006 n=9 (36%)
‘ OR 4.45 (95% Cl 1.59-12.46) |
87 survivors 16 survivors

3GT

71 HSCT

Died after procedure
n=18 (25.4%)

10 a/w without HSCT

3 lost to follow-up

1 a/w without HSCT
(LRBA deficiency)

15 HSCT

Died after procedure
n=7 (46.7%)

Post-procedure mortality
p=0.122

Abbreviations: IEI, inborn errors of immunity; CMV, cytomegalovirus; a/w, alive and well;
HSCT, hematopoietic stem cell transplantation; LRBA, lipopolysaccharide-responsive and beige-like

anchor protein

Regarding children diagnosed with IEI other than SCID/
CID, a large recently published cohort reported that patients
with IEI associated with autoimmunity and/or inflamma-
tion present a poorer prognosis and lower survival rate after
HSCT, compared with patients with other types of IEI [21].
Based on our results, cytomegalovirus infection could be a
factor affecting these patients’ clinical outcomes and should
be carefully considered when establishing a therapeutic
strategy.

In the last decade, advances such as new antiviral drugs,
adoptive immunotherapy with virus-specific T-cells, and
GT have been developed [3, 19, 22]. However, managing
cytomegalovirus infection in these patients is still a chal-
lenge, and, as we have observed in our cohort, mortality
rates are still high among infected patients. Currently most
antiviral drugs are virostatic and require functional T-cells
to clear the virus [20]. In our cohort, the infection could not
be controlled in up to 40% of the patients after starting an
antiviral drug and ultimately required at least two drugs to
treat the infection. Although early preemptive therapy could
prevent organ damage, the risk of drug-related toxicity and
developing antiviral resistance should also be considered
[23]. Resistant strains seem to appear more easily and earlier
in children with IEI compared with other immunosuppressed
patients [24], probably due to the former’s more profoundly
impaired T-cell immunity. Resistances can appear within
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10 days to 3 weeks from the initiation of antiviral therapy
in patients with combined immunodeficiencies [25]. Some
authors suggest that ganciclovir therapy might be optimized
using therapeutic drug monitoring (TDM) especially in pedi-
atric populations and in immunocompromised patients, as
ganciclovir pharmacokinetic is highly variable and the opti-
mal exposure for the treatment of CMV disease is unknown
[26, 27]. However, there is little information in this regard
in children. Nguyen et al. recently characterized ganciclovir
pharmacokinetics in patients younger than 18 years, suggest-
ing increased doses to achieve a therapeutic exposure. How-
ever, these doses should be prospectively confirmed, and
TDM could help to adjust them individually [27]. There is
currently little evidence available regarding the use of com-
bination therapy compared to the use of monotherapy for
treating CMV infection in these patients. In our retrospective
study, the use of several drugs in different national refer-
ence units reflects the clinicians’ difficulties to treat CMV
disease in immunocompromised patients. Vora et al. have
recently suggested that combined antiviral therapy could be
a safe option for high-risk children with primary immuno-
deficiencies in pre-transplantation settings, especially for
those with high viral loads [28]. Although these data have
to be considered with caution and further studies are needed,
dual therapy could be an option in infants with PID and
severe CMV disease without viral load control. However,
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Fig.2 Outcomes of cyto-
megalovirus-positive patients
according to the presence of
refractory or probable refractory
cytomegalovirus infection

25 children with IEI and
CMV infection

|
Refractory CMV infection

\ Yes

No
n=11 n=14
Died before procedure Pre-procedure mortality Died before procedure
n=0 p=0.001 n=9 (64.3%)
11 survivors 5 survivors
1 a/w without HSCT
(LRBA deficiency)
10 HSCT 5HSCT

Died after procedure
n=2 (20%)

Died after procedure
n=5 (100%)

Post-procedure mortality
p=0.007

Abbreviations: IEI, inborn errors of immunity; CMV, cytomegalovirus; a/w, alive and well;
HSCT, hematopoietic stem cell transplantation; LRBA, lipopolysaccharide-responsive and beige-like

anchor protein

side effects are frequent and can be severe, causing cumula-
tive organ dysfunction over time, especially when other toxic
drugs are required before or during the HSCT [20].

All of our patients treated with GT survived, and its
administration has been reported to have improved clinical
outcomes [29]. Although until date the added value of GT
over HSCT to control CMV has not been proven, GT could
be a possible strategy in cases where a proper donor is not
available, and a prompt improvement of T cell function is
required for controlling CMV infection [30].

Adoptive immunotherapy with virus-specific T-cells
appears to have limited efficacy for treating disseminated
cytomegalovirus infections in pre-transplantation settings
[19, 22]. Given that the presence of active cytomegalovi-
rus infection adversely affects survival [1, 6, 28], adoptive
immunotherapy could be administered as a rapid salvage
therapy to reduce viremia until immunity is reestablished
with an HSCT [19, 22]. Lastly, adjuvant therapy with intra-
venous immunoglobulin or with cytomegalovirus-specific
hyperimmune globulin may be considered in cases of severe
disease associated with hypogammaglobulinemia [6],
although its effect remains controversial [31].

Another strategy that could reduce mortality is the selec-
tion of cytomegalovirus-seropositive donors, given that

cytomegalovirus-specific memory T-cells transferred from
the graft can help control the infection [32]. Nevertheless,
the majority of data on cytomegalovirus infection in HSCT
recipients are derived from patients with hematological
malignancies [11]. In our cohort, although most infected
patients received grafts from cytomegalovirus-seropositive
donors, morbidity and mortality remained very high. Up
to 96% of the patients developed cytomegalovirus disease,
which was frequently refractory to antiviral therapy and led
to multiple and severe organ damage at the time of HSCT.
The effect of donor serostatus on patients with IEI and cyto-
megalovirus infection is not yet clearly elucidated. In addi-
tion, we have to take into account that the conditioning regi-
men could also modify the immune reconstitution and the
transferred T cell immunity of the donor, the rate of CMV
reactivations, and, therefore, the long-term survival [33].
Other approaches such as the use of ATG, ex vivo T-cell
depletion using CD34 + positive selection, or post-transplant
cyclophosphamide could affect the control of viral replica-
tion, leading to a higher incidence of CMV infection [33, 34].

Due to the poorer prognosis of patients with cytomeg-
alovirus infection, preventing its acquisition is essential in
children with IEI who require HSCT. Unfortunately, 96% of
our patients were already infected at diagnosis, and almost
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all developed disease before undergoing potentially cura-
tive treatment. These findings highlight the importance of
newborn screening to establish preventive measures for
the infection, such as stopping breastfeeding [3, 6]. How-
ever, this screening is currently available only for detecting
SCID. Other types of IEI associated with a risk of severe
cytomegalovirus infection are not currently detected by
newborn screening [22]. Clinicians should consider IEI in
young patients with symptomatic cytomegalovirus disease,
especially in cases of disseminated or severe infections or in
the presence of other suggestive clinical findings.

Our study has several limitations. Data were collected
retrospectively, and we have included a heterogeneity of dis-
eases presenting different immunological profiles, although
this is also a positive and valuable aspect of this study. We
were unable to identify the source of the infection in most
cases, and, due to our sample size, we were not able to ana-
lyze the relationship between mortality and clinical presen-
tation or the presence of coinfections. Therefore, multicenter
prospective studies are needed to obtain robust evidence.
However, our results highlight both the importance of an
early diagnosis of IEI, which is now possible in many cases
through newborn screening programs, and the importance
of prevention and prompt and aggressive treatment of cyto-
megalovirus infections in IEI patients who require HSCT/
GT. Although further studies are needed to better define the
therapeutic approach of cytomegalovirus infection in these
patients, prompt control of the infection and early HSCT/GT
are crucial to improve the prognosis.
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