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Abstract

Purpose This study aimed to investigate the prevalence and viral reactivations of clinical interest in the immunocompro-
mised patient with particular focus on hematologic and solid organ transplant recipients.

Methods Molecular screening data of CMV, EBV, JCV and BKYV from 2011 to 2023 were analyzed. This extensive time
span allowed the access to more than 100,000 samples from over 20,000 patients treated at Policlinico Umberto I. It was pos-
sible to temporally investigate patient attendance patterns, average age distribution, seasonality of infections, and positivity
rates of the analyzed viruses.

Results Between 2019 and 2022 a significant reduction in organ transplants performed and in the positive molecular detec-
tion of EBV, JCV and BKV was observed. Additionally, there has been a noteworthy decrease in CMV reactivations, with a
reduction of up to 50% starting in 2019. A remarkable reduction of 39% in the rate of CMV viral reactivation has been also
achieved in SOT between 2016 and 2023.

Conclusion The years following 2019 were profoundly impacted by the COVID-19 pandemic era. This period resulted in
a substantial reduction in healthcare services and hospital visits. Furthermore, the introduction of the drug Letermovir in
Italy in 2019 demonstrated remarkable efficacy, evidenced by a reduction in CMV reactivations. Additionally, the adoption
of a novel clinical approach centered on personalized therapy facilitated improved management of immunocompromised
patients.

Keywords Epidemiology - Letermovir - COVID-19 - Cytomegalovirus (CMV) - Epstein-Barr Virus (EBV) -
Polyomavirus (JCV - BKV)

Introduction

The evolution of diagnostic methods has facilitated
enhanced analytical sensitivity through the utilization of
molecular techniques. To date, molecular investigation of
the viral load has assumed over the years a crucial role in
ensuring precise diagnosis of infections. Within the cohort
of vulnerable patients, such as those undergoing solid organ
transplantation (SOT) or hematopoietic stem cell transplan-
tation (HSCT), primary viral infections or reactivations bear
significant implications for patient survival [1].
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Consequently, careful monitoring of specific viruses is
included in clinical protocols for immunocompromised con-
ditions. Particular emphasis is placed on two Herpesviridae
family members: Cytomegalovirus (CMV) and Epstein-
Barr Virus (EBV), recognized as principal determinants of
systemic infectious complications other than graft rejec-
tion, therapeutic failure or post-transplant proliferative dis-
orders [2—4]. Equally important is the surveillance of JCV
and BKYV viruses belonging to the Polyomaviridae family.
Indeed, in cases of immunodeficiency, JCV has the poten-
tial to disseminate within the central nervous system (CNS),
culminating in progressive multifocal leukoencephalopathy
(PML), a severe demyelinating disorder [5]. Conversely,
BKV reactivation represents the predominant cause of
transplant loss in kidney transplant recipients [6].
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The accumulation of a substantial number of patients and
a vast amount of data over the years in a large university
hospital holds the potential to offer novel insights into the
understanding of the epidemiological dynamics of these
viruses.

In this study, viral molecular screening data produced by
the Sapienza University Hospital “Policlinico Umberto I”
(SU-PUI) in Rome from the beginning of 2011 to the end
0f 2023 were analyzed. One of the aims of afore effort is to
observe, through statistical analysis, the patterns of infec-
tions and spread of the above-mentioned viruses in various
hospital department.

Particular emphasis will be paid to the aforementioned
issues in the period of the COVID-19 pandemic compared
to the previous period, i.e. before 2020. It is indeed worth
noting that the COVID-19 pandemic could have had an
important impact specifically in immunocompromised
patients since the immune status of subjects is one of the
determinants of the severity of the course of infection [7, 8].
It follows that the study of the specific viruses included in
clinical protocols in the subjects covered by this study in the
above period is of particular relevance.

Materials and methods
Population study

A retrospective analysis was conducted on 113,097 samples
collected from 20,584 patients who received medical care at
SU-PUI in Rome between January 1st, 2011, and December
31st, 2023. Among these patients, 54% are male, whereas
the remaining 46% are female, with a mean age of 39 years
(IQR: 11-59).

The study focuses on the analysis of molecular test
requests for CMV, EBV, JCV and BKV viruses, includ-
ing plasma (92%) urine (3%), cerebrospinal fluid (CSF)
(4.5%) and bronchoalveolar lavage (BAL) (0.5%). Sample
types with insufficient numerical representation for sta-
tistical analysis were excluded. Moreover, the collected
samples were categorized into five distinct groups, based
on the patients’ respective wards of origin. Specifically, the
“Hematology” (HEM) category included samples of patients
from the outpatient clinic, hematology emergency room, as
well as those hospitalized for hematologic diseases. In par-
ticular HEM category comprises patients with a median age
of 50 (IQR: 32—-64) years, undergoing allogeneic stem cell
transplantation (SCT), autologous SCT and among hema-
tologic non-HSCT patients (patients with acute or chronic
lymphoid malignancies, patients receiving T-cell suppres-
sive therapy, patients with Non Hodgkin lymphoma receiv-
ing rituximab, patients receiving intensive chemotherapy
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for different types of acute leukemia) most at risk of viral
reactivation [9].

The “solid organ transplant” (SOT) category comprises
samples from patients who have undergone kidney, liver,
or lung transplantation. In general, SOT recipients involved
in this study have a median age of 52 (IQR: 42-61) years,
affected by more than one co-morbidity, assuming anti-
rejection immunosuppressive regimens mainly based on
calcineurin inhibitors (i.e. tacrolimus or cyclosporine) with
or without low-dose of corticosteroids, and possibly with
an additional immunosuppressive drug (i.e. mycophenolic
acid, mTOR inhibitors) according to the transplanted graft
and patient’s clinical conditions. As far as diagnostic pre-
scriptions, usually the clinicians used antiviral prophylaxis
and, especially for CMYV, a pre-emptive approach (i.e. start-
ing therapy or prophylaxis according to the level of viremia
and characteristics of the individual patient) [10].

The “medical clinic” (MED) category referred to sam-
ples from diverse array of departments, including cardiol-
ogy, nephrology, gastroenterology, neurology, oncology,
gynecology, and obstetrics. The “other” (OTR) category
includes specimens from patients admitted to other types
of wards for those, such as surgical, infectious diseases,
cystic fibrosis, neonatology and hospital emergency rooms
cases. Furthermore, the Intensive Care Unit (ICU) category
encompasses several specialized units, such as those dedi-
cated to transplants, COVID-19 patients, neonatal care, as
well as anesthesia and reanimation wards.

Molecular analysis

Molecular analysis to detect CMV, EBV, BKV and JCV
DNA in clinical samples was conducted at the Virology
Laboratory of the Umberto I Polyclinic in Rome using
two distinct methods sequentially. From January 2011 to
August 2019, DNA extraction step was carried out using
the NucliSENS easyMAG instrument (bioMérieux S.p.A.,
Bagno a Ripoli, Italy), in accordance with the manufactur-
er’s instructions. The extracted samples were then amplifi-
cated using commercially available kits (ELITechGroup
SpA) and analyzed using ABI Prism 7300 Real-Time PCR
System (Applied Biosystems). The system’s detection lin-
ear range spans from 250 to 2.5x 10° genomic copies/ml.
Starting from September 2019, viral load detection was
performed utilizing a new automated instrument for nucleic
acid extraction and PCR set-up: the ELITe GALAXY (ELI-
TechGroup SpA). The amplification of the viral DNA was
carried out through the ELITe CMV/EBV/JCV/BKV MGB®
Kits (ELITechGroup SpA), which are designed with spe-
cialized primers and probes tailored for identifying the exon
4 region of CMV’s Major Immediate Early Antigen (MIEA)
gene, the EBNA-1 gene of EBV, and the Large T Antigen
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gene of both BKV and JCV. The amplification reaction was
then conducted using the ABI Prism 7300 Real-Time PCR
System thermal cycler (Applied Biosystems) with the fol-
lowing conditions: an initial decontamination step at 50 °C
for 2 min, followed by an initial denaturation step at 94 °C
for 2 min. The amplification process comprised 45 cycles,
each consisting of denaturation at 94 °C for 10 s, annealing
at 60 °C for 30 s, and extension at 72 °C for 20 s. A final step
was performed at 80 °C for 15 s to ensure the completion of
the reaction. The ELITe CMV/EBV/JCV/BKV MGB® Kits
feature a detection linear range spanning from 455 genomic
copies/ml to 2.5 10® copies/ml for CMV DNA, from 350
to 3.5x 10° copies/ml for EBV and BKV and from 700 to
3.5x10° for JCV.

Statistical analysis

Data manipulation and visualization were executed in RStu-
dio https://www.rstudio.com/. Null hypothesis testing

was performed using either Mann—Whitney—Wilcoxon or
the non-parametric chi-square test methods.

Results

The study examines data related to multiple viral agents,
which have been analyzed separately for the sake of meth-
odological simplicity.

cmv

Firstly, an analysis was conducted to evaluate the consis-
tency of requests for molecular detection of CMV viral
load in patients admitted to Policlinico Umberto I of Rome
between 2011 and 2023 for a total of 65,906 requests.
Among these 94% were related to blood samples (plasma),
followed by 3% relative to urine, 2.5% to CSF and 0.5% to
BAL samples. The data relatives to the number of requests
indicated a notable increase over the years except for a slight
decline in 2020 (Fig. 1A). The positivity rate of samples
examined for CMV molecular testing was also analyzed.
Notably, the positivity percentage exhibited a surge, starting
at 21% in 2011, reaching a peak of 29% in 2018 and then
considerably declined to 18% in 2023 (p <0.005) (Fig. 2A).
The analysis of the requests was subsequently expanded by
dividing the samples according to their hospital division of
origin grouping them in the following classes previously
described: HEM, ICU, MED, SOT, and OTR. The HEM
category, representing 38% of total requests, experienced a
sudden annual increase from 2011 to 2015 (p < 0.005), stabi-
lizing around 2750 in subsequent years, with a slight decline
noted in 2021 to 2476 requests (Fig. 1A). A dramatic decline

was also observed for the positivity percentage, decreasing
from 37.6% in 2018 to 17.3% in 2023 (p < 0.005) (Fig. 2A).
The ICU group exhibit a significant increase (p <0.005)
in the number of requests from 2020 to 2022, reaching a
peak of 1192 requests in 2021. The number of requests
from MED category remained relatively constant until 2016
when a decline in the number begins, reaching its lowest
value in 2020 with 500 requests (Fig. 1A). The number of
requests from SOT group show a consistent upward trend
culminating in 2019. Between 2020 and 2022 this value was
almost halved with an average of 527 requests (Fig. 1A).
There was also a reduction in the percentage of positive
results from 36% in 2016 to around 20% in the following
years (p <0.005) (Fig. 2A). The requests that fall under the
OTR category experienced a peak in 2019 then the number
decrease in 2020.

The 3D scatter plot (Fig. 3A) shows the analysis of the
number of samples divided by age and CMV DNA load
(genomic copies/ml). Between 2011 and 2023, the aver-
age age of patients undergoing CMV molecular testing has
increased by approximately 20 years, rising from 30 to 50.
Two distinct peaks in the CMV copy number are discernible
near two specific age groups: between 0 and 1 year, and
between 50 and 70 years.

Finally, a thorough investigation was conducted into the
number of requests and the percentage of positivity in rela-
tion to the months of each year spanning from 2011 to 2023
(Fig. 4 A). The regression line in the image indicates a peak
in the positivity rate and a decline in the number of requests
both during the month of August.

EBV

Between 2011 and 2023, 36,526 requests were processed
for the molecular detection of EBV genome. Among these
96% were related to blood samples (plasma), followed by
3.6% to CSF and 0.4% to BAL samples. A growth in the
number of requests is evidenced between 2011 and 2017
then decreasing until 2021. The average percentage of posi-
tive results was around 11% from 2011 to 2019 and almost
halved in the period from 2020 to 2023 (5.9%) (p» <0.005)
(Figs. 1B and 2B). The HEM group prevailed as the most
represented division, accounting for 45.2% of all requests.
Requests from this group exhibit a general upward trend,
peaking in 2022 with 2197 requests. After 2019, the num-
ber of requests of OTR category experienced a rapid decline
with its lowest value of 303 requests in 2021(p <0.005).
MED macro-category number of requests show the low-
est point in 2021 corresponding to 360 requests. ICU group
exhibits stability in the number of annual requests except
for a single peak of 117 requests in 2021. An examination of
the annual EBV positivity rates across different departments
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Fig. 1 Number of annual requests for CMV (A), EBV (B), JCV (C) and BKV (D) viral load research. In the different colors, the categories includ-

ing the various departments are represented

reveals a marked decline in the HEM, SOT, and OTR cat-
egories, limited to 2020 and 2022.

Similarto CMYV, the average age of patients increases over
time from 27 years in 2011 to 48 years in 2023 (Fig. 3B).

Seasonal trends in EBV DNA detection do not reveal
significant variations in the percentage of positivity at spe-
cific times of the year but a slight decrease in the number
of requests is observed in the months of August (Figs. 4B
and 5B).
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Jcv

Over the 13 years a total of 4654 samples were analyzed,
comprising 36% plasma samples, 17% urine, and 47% CSF.
Since the different sample types contribute comparably
to the total, the positivity rates for each sample type were
investigated. The highest positivity rate is observed in urine
samples, accounting for 36.6% of the total (Table S1). Over-
all, the trend of requests and the respective positivity rate
declined between 2020 and 2023. The years 2011 and 2012
have been deemed insignificant for analysis owing to their
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inadequately sized samples lacking statistical relevance.
Upon stratifying by departments, MED group accounts for
the majority of requests at over 47% (Fig. 1 C). HEM cohort
exhibited a decline (p <0.005) in number of requests from
2019 to 2023 (Fig. 1C). SOT group displayed a decrease
both in number of requests and positivity percentage from
2019 (p <0.005). ICU group had a small number of requests,
rendering statistical analysis impractical. Still, the average
age of patients increases by 20 years, from 38 to 58 from
2011 to 2023 (Fig. 3C).
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ing the various departments are represented. The insets show, as a
percentage, the origin of the samples divided into the categories of
departments

As already mentioned for CMV and EBV there is no sea-
sonality, the only observation is a depression in the number
of requests in August (Fig. 4 C).

BKV

Finally, for BKV, molecular research analysis was con-
ducted on a total of 6011 samples, distributed as follows:
48.4% plasma, 17.6% urine, and 34% CSF. Similar to JCV,
the highest detection rate was observed in urine, with a 40%
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Fig. 3 A three-dimensional scatter plot is represented for CMV (A),
EBV (B), JCV (C) and BKV (D). Each dot represents a sample ana-
lyzed in the time frame. Negative samples identified through molecular
search for the respective virus are displayed in black. The color scale

positivity rate (Table S1). The requesting departments with
the highest representation are MED (39%) and SOT (39%)
(Figs. 1D and 2D). The trend observed over the past 13 years
indicates a decline both in the number of requests and in
the positivity rate between 2020 and 2023 (p <0.005). The
decrease in the number of requests is particularly noticeable
in the SOT and HEM categories. However, it is important to
note that due to the limited number of samples, the temporal
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B

ranging from yellow to purple represents the variation in the number of
genomic copies per ml. Additionally, a blue regression line represents
the mean age of the patients

analysis divided by departments does not allow for statisti-
cal significance in describing the trend of the positivity rate.
Similar to other viruses, there is no apparent seasonality
observed for BKV. A decrease in the number of requests is
noticeable only in the month of August (Figs. 4D and 5D).



European Journal of Clinical Microbiology & Infectious Diseases (2024) 43:979-989

985

A
700 CMV

600

2011
== 2012
== 2013
== 2014
== 2015
= 2016
== 2017
== 2018
== 2019
== 2020

2021
2022
== 2023

500

'
(<)
S

N. of requests

(2]
(=]
S

200

100

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

100 JCV

75
2011

== 2012
== 2013
== 2014
== 2015
= 2016
== 2017
== 2018
== 2019
== 2020

2021
w2022
== 2023

50

N. of requests

25

Month

B
400 EBV

350

300

N. of requests
N N
o a
(=) o

a
o

100

50

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

125 BKV

100

N. of requests

25

e ——

— ——

5 ———
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig.4 Number of requests for each month of the year for the different viruses: CMV (A), EBV (B), JCV (C) and BKV (D). Each line corresponds

to a calendar year while the loess regression line is shown in black
Discussion

CMYV, EBV, BKV and JCV viruses are constantly circulating
in the population resulting in self-limiting infections and in
most cases establishing a lifelong latent infection. In immu-
nocompromised patients, however, the primary infection or
the reactivation of these viruses can progress to symptom-
atic disease representing the cause of serious complications
that in some cases put the patients’ lives at risk [11, 12].
This retrospective study provides an overview on CMV,
EBYV, JCV, and BKV DNA analysis over the past 13 years in

patients admitted to SU-PUI in Rome. The extreme copious-
ness of data from Europe’s largest hospital and the extensive
timeframe considered allowed for highly interesting and
significant analyses, to be confined not only to the Roman
hospital context but could also faithfully reflect what has
occurred on a larger scale in recent years.

Data analysis highlighted a general marked increase in
the number of requests from 2011 to 2015. This can be
attributed to the assimilation at the Virology laboratory, dur-
ing that time period, of the conspicuous number of requests
previously conducted independently in other decentralized
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laboratories. Across the entire timeframe, a deviation from
the prevailing trend is evidenced in the years 2020-2022,
coinciding with the SARS-CoV-2 pandemic. During this
period, there was a dramatic fall in requests, particularly in
some departments such as SOT, MED, and OTR. Among
SOT patients, there was a substantial reduction in the over-
all number of requests for all examined viruses’ molecular
tests. In the case of JCV and BKYV, which are frequently
analyzed in those patients, the number of requests decreased
by up to 52% and 68% respectively (p < 0.005). This trend
can be traced back to the concomitant decline in patients
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and transplants performed during the pandemic years [13].
At the same time there is a drastic increase in CMV require-
ments from ICUs with a 345% increase in 2021 (p < 0.005),
considering that CMV reactivation is a frequent complica-
tion in intensive care units [14]. Similarly, for EBV a closely
requests increase was evidenced, corresponding to 260%
in 2020 (p<0.005), while for JCV and BKV it is impos-
sible to note significant changes during these years, due
to the limited number of annual requests. Furthermore, a
general decline in positivity rates was detected during the
same years. It is plausible that the preventive measures
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implemented during the pandemic years, such as the use
of facial masks and social distancing, may have had nega-
tive impact on the spread of other viral agents than SARS-
CoV-2. This has already been observed for viruses in which
airborne represent the major route of transmission as in the
case of Respiratory Syncytial and Influenza viruses [15,
16]. In the present study a substantial reduction of approxi-
mately 50% in the positivity rate of EBV, JCV, and BKV was
observed during the pandemic years. Exacerbated concept is
the significant decline in BKV by 81% in MED departments
(» <0.05), and by 94% for EBV in SOTs (p <0.005).

Concerning CMV, as shown in Fig. 2A, the positivity
rate is strongly influenced by the HEM and SOT catego-
ries. It exhibits a pre-pandemic decline, unlike the patterns
observed for other viruses. This implies that the decline in
positivity rates is not solely attributable to COVID-19 pan-
demic. It is tempting to speculate that the turning point in
2018 observed in HEM category could be ascribed to the
introduction of Letermovir, a prophylactic drug against
CMV reactivation in hematology patients, which was intro-
duced in Italy in 2019 [17]. This event, 5 years later, seems
to have driven down the rate of CMV positivity in hemato-
logical patients of around 50% (p < 0.005). It is essential to
specify that this drug is exclusively administered to hema-
tological patients who have undergone allogeneic stem cell
transplantation. Nevertheless, it is noteworthy that this cate-
gory still constitutes over 85% of the hematological patients
analyzed, ensuring that it does not significantly impact the
statistical analysis. A similar trend can be observed in the
SOT category, with a 39% decrease from 2016 to 2023
(»<0.005). Unlike the HEM category, this decrease can-
not be attributed to the introduction of novel drugs or thera-
pies, but rather to the improved plasticity of existing ones.
Therefore, the focus in recent years to create personalized
therapies [18] tailored to the individual patient has likely led
to enhanced control over CMV reactivation by effectively
managing their immunosuppression.

Although seasonality was expected for EBV with a peak
in winter [19], it was not found in any of the viral agents
analyzed. Generally, there is a decrease in the number of
requests in August, which in CMV in particular coin-
cides with an increase in the positivity rate. This could be
explained by a lower influx of patients in this month, result-
ing in a higher proportion of analysis requests targeting those
patients requiring monitoring. An interesting point regards
the general increase in the average age of patients undergo-
ing molecular screening. This trend can be partly explained
by the rising number of requests from hematology and SOT
departments, whose patient population tends to be older and
by a marked decrease in the number of requests for patients
under 25 years old from 2019 to 2023.

In conclusion, it can be inferred that the COVID-19 pan-
demic has resulted in a significant reduction in healthcare
services and hospital visits. However, the preventive mea-
sures adopted in this period have demonstrated an impres-
sive effectiveness, with transmission rates decreasing by up
to 94%, notably, at least for immunocompromised patients.
In addition, significant changes have been brought by the
introduction of novel drugs and healthcare strategies.

Given these unpredictable events, constructing a reliable
probabilistic model to predict future trends remains chal-
lenging. Nonetheless, some observations can be made: the
number of requests shows signs of rebound starting from
2022, suggesting a potential recovery to pre-COVID-19
levels or even surpassing the pre-pandemic upward trend.
Additionally, the positivity rates of EBV, JCV, and BKV
are expected to gradually return to pre-2020 levels with the
gradual easing of restrictions and safety measures. The sce-
nario is different for hematology patients, as the introduc-
tion of Letermovir has shown pandemic-independent effects
in reducing the CMV positivity rate. Thus, it is plausible
to assume that the curve of positivity will stabilize around
17%, which is supported by the results of clinical trials
indicating an approximately 40% decrease in positivity rate
with the use of Letermovir compared with placebo group
[20], already achieved at SU-PUI.

Finally, further reflection was provided by the analysis
of the data pertaining to SOT category. In these patients,
in fact, a redesign of the previously adopted post-transplant
protocols proved to be sufficient in lowering the positivity
rate of CMV in recent years. Thus, supporting the value of
the road, already taken, directed to a personalized thera-
peutic approach, belying the strict necessity for novel drug
discoveries.
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