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A B S T R A C T

Objectives: The immunologic profile and opportunistic viral DNA increase were monitored in Italian
patients with COVID-19 in order to identify markers of disease severity.
Methods: A total of 104 patients infected with SARS-CoV-2 were evaluated in the study. Of them, 42/104
(40.4%) were hospitalized in an intensive care unit (ICU) and 62/104(59.6%) in a sub-intensive care unit
(SICU). Human cytomegalovirus (HCMV) and Epstein-Barr virus (EBV), Parvovirus B19 and Human
Herpesvirus 6 virus reactivations were determined by real-time PCR, and lymphocyte subpopulation
counts were determined by flow cytometry.
Results: Among opportunistic viruses, only EBV was consistently detected. EBV DNA was observed in 40/
42 (95.2%) of the ICU patients and in 51/61 (83.6%) of the SICU patients. Comparing the two groups of
patients, the EBV DNA median level among ICU patients was significantly higher than that observed in
SICU patients. In parallel, a significant reduction of CD8 T cell and NK count in ICU patients as compared
with SICU patients was observed (p < 0.05). In contrast, B cell count was significantly increased in ICU
patients (p = 0.0172).
Conclusions: A correlation between reduced CD8+ T cells and NK counts, EBV DNA levels and COVID-19
severity was observed. Other opportunistic viral infections were not observed. The relationship between
EBV load and COVID-19 severity should be further evaluated in longitudinal studies.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

ntroduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
espiratory syndrome Coronavirus 2 (SARS-CoV-2), was first
eported in China in December 2019. As of February 21, 2020,
ore than 7,151,000 cases of COVID-19 have been reported
orldwide and there are more than 407,145 deaths. The spread
as already taken on pandemic proportions, affecting over 100
ountries, including Italy that counts more than 235,270 cases
Ghinai et al., 2020; Remuzzi and Remuzzi, 2020). In February
020, a large COVID-19 outbreak in Lombardy Italy was observed.
he SARS-CoV-2 influence on immunological response, and its
elationship with the reactivation of opportunistic viral infection
n the clinical course of COVID-19 is still under investigation.
mong various pathogens, opportunistic viral infections such as
uman cytomegalovirus (HCMV) and Epstein-Barr virus (EBV) are
articularly relevant in immunocompromised patients (Fishman,
017; Fishman, 2013) and their reactivation has also been reported
n patients in intensive care units (ICU) with no previous immune
uppression (Schildermans and De Vlieger, 2020; Limaye and
oeckh, 2010; Frantzeskaki et al., 2015; Ong et al., 2017; Cantan
t al., 2019; Coşkun et al., 2017).
On the other hand, the impact of opportunistic viral reactivation

n critically ill patients remains to be elucidated.
Finally, the impact of COVID-19 infection on the immune

ystem is not yet well known. In this study, a possible relationship
ith alterations of the NK and T-cell subpopulations leading to
pportunistic virus reactivation were analyzed in patients with
OVID-19 having different degrees of severity.

aterial and methods

atient characteristics and comorbidity

Written informed consent was collected. A total of 104 patients
nfected with SARS-CoV-2 referred to the Fondazione IRCCS
oliclinico San Matteo, Pavia between February 2020 and March

Characterization of serological status for HCMV, EBV and parvovirus
B19

Antiviral capsid antigen (anti-VCA), anti-EBNA, anti�HCMV and
anti-parvovirus B19 specific IgG were quantified from serum
samples using a chemiluminescent assay according to manufac-
turers’ instructions (Liaison, Diasorin, Saluggia, Italy). Positive
results were defined as IgG> 20U/mL for VCA and EBNA IgG,
IgG>14 U/mL for CMV IgG and Index>1.1 for Parvovirus B19 IgG.

Viral quantification in COVID-19 patients

Nasal swabs (NS) or bronchoalveolar lavage (BAL) and whole
blood were collected during the hospitalization from all patients,
and 200 mL of clinical specimens were extracted using the
QIAsymphony1 instrument with QIAsymphony1 DSP Virus/
Pathogen Midi Kit (QIAGEN, Hilden, Germany). Specific real-time
reverse transcriptase-polymerase chain reaction (RT-PCR) target-
ing RNA-dependent RNA polymerase and E genes were used to
detect the presence of SARS-CoV-2 according to the WHO
guidelines (Anon, 2020) and Corman et al. protocols (Corman
et al., 2020). The CMV DNA and EBV DNA load were determined by
home-made real-time PCR in CMV and EBV seropositive subjects
using primers and probes and Applied Biosystems Instruments

Table 1
Demographic characteristics of the 104 analyzed patients.

Hospitalization
N� 104

Total ICUa

N� 42
SICUb

N� 62
P-value

no (%) 42 (40.4%) 62 (59.6%)
Gender
Male/Female 36/6 (85.7%/14.3%) 41/21 (66.1%/33.9%) 0.0391
Median age (years; IQR) 61.5 (55�71.25) 73.5 (57.8�80) 0.05
Comorbidity
Heart disease 19.0% 33% 0.25

Hypertension 40.4% 48.1% 0.62
Obesity 30.9% 18.5% 0.27
Lung disease 4.7% 14.8% 0.20
Diabetes 14.3% 11.1% 1.00
Carcinoma 9.5% 3.7% 0.64

a ICU, Intensive Care Unit.
b Sub-Intensive Care Unit, In bold is the significant value.
020 were evaluated. Of them, 42/104 (40.4%) were hospitalized in
n ICU and 62/104 (59.6%) were hospitalized in a sub-intensive
are unit (SICU). The degree of severity of COVID-19 (severe vs
ild) was defined using the American Thoracic Society guidelines

or community-acquired pneumonia (Metlay et al., 2019). Patient
haracteristics and comorbidity were described in Table 1.
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(ThermoFisher, Waltham, Massachusetts, United States) as
reported (Baldanti et al., 2008; Furione et al., 2012). At the same
time, Parvovirus B19 and Human Herpesvirus 6 were analyzed in a
fraction of patients (Corcoran et al., 2010; Watzinger et al., 2004).

Lymphocyte subpopulations count and characterization

Blood samples were stained with CYTO-STAT tetraCHROME
CD45-FITC/CD4-RD1/CD8-ECD/CD3-PC5 and CYTO-STAT tetra-
CHROME CD45-FITC/CD56-RD1/CD19-ECD/CD3-PC5, all from
Beckman Coulter, Milan, Italy).The percentage of CD4+ and CD8 + T
lymphocytes and CD56 + NK and CD19 + B cells was determined by
Navios Flow Cytometer System (Beckman Coulter). Using Flow-
CountFluorospheres, CD4+, CD8 + T cell subsets and CD56 + NK and
CD19 + B cells were expressed as absolute counts (cells/ml). Gating
strategy was set up on CD45+ and side scatter (SSC).

Statistical analysis

Descriptive data were reported or considered as absolute and
relative frequencies, median and interquartile range (IQR) based on
the type of variable distribution. For qualitative variables, Fisher’s
test was used, while the Mann-Whitney test was used for
quantitative variables in order to perform comparison between
groups. Spearman’s test was used for the correlation analysis. All
tests were two-tailed. A p-value <0.05 was considered statistically
significant. Analyses were performed using the GraphPad Prism 5
(GraphPad Software, CA, USA).

Results

Clinical characteristics

Male COVID-19 patients were more frequent in both units
(p = 0.039). The most common symptoms detected in patients on
admission or during hospitalization in ICU and SICU, respectively,
were fever (80.9% and 100%; p = 0.02), interstitial lung disease
(100% and 55.6%; p < 0.001), dyspnea (100% and 37%; p < 0.001),
and diarrhea (2.3 and 3.7%; p > 0.05). Overall, all the patients
except one were positive for EBV IgG (99%), while 100/104 subjects
(96.2%) were CMV seropositive at time of hospitalization. Finally,
72/104 (69.2%) were positive for Parvovirus B19 IgG.

Viral detection and quantification

CMV, Parvovirus B19 and HHV-640 DNA were negative in all
patients analyzed. EBV positive DNA was observed in 91/103 EBV
seropositive patients (88.3%). Of them, 40/42 patients (95.2%) were
admitted to the ICU and 51/61 patients (83.6%) were admitted to
the SICU. In the remaining 2/42 patients (4.8%) and 10/61 patients
(16.4%) in the ICU and SICU, respectively, no EBV DNAemia events
were reported (p = 0.1161). The EBV DNA median level among ICU
patients [4709 (IQR 1284–32075) IU/mL] was significantly higher
than that observed in SICU patients [median 1890 (IQR 370.1–
8820) IU/mL; p = 0.0289) as shown in Figure 1.

Lymphocyte subpopulation counts

Lymphocyte subpopulation counts were available for 31/42 ICU
patients (73.8%) and for 55/62 SICU patients (88.7%). A slight

hand, we observed a significant reduction of CD8+ T cell count in
ICU patients as compared with SICU patients [median 95 (IQR 58–
174) cells/ml vs 181 (115–257) cells/ml; p = 0.0011]. Similarly, a
lower median NK count was reported in ICU patients as compared
with the group of SICU patients [50 (IQR 36–90) cells/ml vs 98 (IQR
56–163) cells/ml; p = 0.0131]. In addition, comparing the two
groups of patients, B cell count was significantly increased in ICU
patients [median 81 (IQR 65–203) cells/ml vs 69 (36–113) cells/ml,
respectively; p = 0.0172) (Figure 2). No linear correlation between
EBV load and CD8 Tcells, B cells or NK cells was observed (Figure 3).

Discussion

The strict relation between immunosuppression and reactiva-
tion of latent viruses and an increased prevalence of opportunistic
viral infections is well known, especially in transplanted patients
and in ICU patients (Fishman, 2013; Schildermans and De Vlieger,
2020; Limaye and Boeckh, 2010; Frantzeskaki et al., 2015; Ong
et al., 2017; Cantan et al., 2019; Coşkun et al., 2017).

The impact of COVID-19 infection on the immune system is still
largely unknown. We observed a significant loss of NK and CD8+ T
cells in COVID-19 patients, which paralleled the severity of the

Figure 1. EBV DNA was measured in 42 COVID19-positive patients in ICU (black
dots) and in 62 COVID19-positive patients in SICU (white dots). Median and IQR are
shown and p-value was given in the graph.
Figure 2. Lymphocyte subpopulation counts were compared in the 42 patients of
the Intensive Care Unit (grey bars) and in the 62 patients of the Infectious Disease
Department (white bars). The p-value was measured by the Mann Whitney test and
was given for each group of comparison; *p < 0.05; **p < 0.01.
reduction of the total lymphocyte count was observed in ICU
patients as compared with SICU patients [median 617.5 (IQR 473.8–
858) cells/ml vs 823 (IQR 533–1044) cells/ml; p = 0.0502]. In detail,
CD4 T cell count was not statistically different between the two
groups of patients [median 249 (IQR 185.3–393.3) cells/ml vs 286
(IQR 182–403) cells/ml, respectively; p = 0.6953]. On the other
317
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nfection. Normally, in healthy subjects lymphocyte CD3+ counts
ange from 690 to 2540 cells/ml, lymphocyte CD4+ and CD8+ counts
ange from 410 to 1590 and from 190 to 1140 cells/ml, respectively;
oreover, in healthy subjects, we reported that CD19+ B cell counts
nd CD56 + NK cell counts range from 163 to 288 cells/ml and from
51 to 296 cells/ml.
Surprisingly, this NK and CD8+ T cell reduction was associated

ith presence of EBV DNA only. Despite that the large majority of
atients were seropositive for both CMV and B19, no evidence of
irculating CMV and B19 DNA was observed. In this study, we
nalyzed the correlation between COVID-19 infection and immu-

patients with severe infection (ICU patients) as compared to
patients with mild symptoms (SICU patients). Moreover, the
median EBV DNA levels in patients with severe COVID-19 was
significantly higher than in patients with mild COVID-19 disease,
supporting the evidence of a higher immune impairment in the
previous patients. However, no linear correlation between EBV
DNA load and lymphocyte counts was observed. In line with these
results, a reduced total lymphocyte count in patients referred to
the ICU was observed, reporting a significant reduction in terms of
both CD8+ and NK cells as compared to SICU patients, while no
significant reduction of CD4+ T cell counts was observed. Recent
studies underlined a marked lymphopenia in a large fraction of
COVID-19 patients (Huang et al., 2020; Tan et al., 2020) with a
reduction of total T lymphocytes, CD4+ T cells and CD8+ T cells and a
more profound reduction in severe cases (Chen et al., 2020).

Of note, the higher increase of B cell count observed in patients
with severe symptoms as compared to patients with milder
symptoms was in line with results obtained by Chen and
colleagues (Chen et al., 2020). However, our data was in contrast
with Wang and colleagues’ observation, reporting a decrease of B
cells in patients with severe COVID-19 disease (Wang et al., 2020).

Since B lymphocytes are the site of latency for EBV, an increase
of B cells in patients with severe symptoms could be related to the
increased EBV DNA levels as occurring in patients with PTLD (post-
transplant lymphoproliferative disorder). On the other hand, the
increase of B cell counts during COVID-19 could reflect the
antibody response to SARS-CoV-2. Finally, the role of increased
levels of EBV DNA on B cell functions, with a potential impact on
antibody production, is unknown. Thus, we can only speculate that
the presence of detectable EBV DNA may play a role in the severity
of COVID-19 disease on the basis of the higher frequency of EBV
DNA positive patients and the higher EBV DNA levels.

Interestingly, among all opportunistic viruses, reactivation in
COVID-19 patients seems to be restricted to EBV, an event
somewhat corroborating a role in the severity of the disease. In
fact, despite the low rate of CD8+ T cells and NK cells in patients
with severe symptoms, CMV reactivation, for example, was never
observed. Usually, detectable CMV DNA in whole blood is more
frequent than EBV DNA in immunocompromised patients with
reduced lymphocyte counts.

In conclusion, our data support the possible correlation
between lymphopenia and EBV load with COVID-19 disease
severity. In order to corroborate our hypothesis, monitoring of
the immunological profile and opportunistic virus reactivation
over time is warranted in order to better understand the role in the
pathogenesis of the disease or its relationship with the severity of
symptoms.
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