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SUMMARY

The aim of this study was to quantify the expression of CD38 on CD8" T lymphocytes of patients with
infectious mononucleosis (IM) caused by Epstein-Barr virus (EBV) and cytomegalovirus (CMV).
CD38 quantification technique chosen for this study was based on the enumeration of CD38 antibody
binding sites in comparison to the quantification standards rather than determining relative fluores-
cence, which is difficult to standardize. The study enrolled 19 patients with typical clinical and laboratory
parameters compatible with EBV-induced IM as well as 10 patients with atypical clinical presentation
of this disease. Furthermore, CD38 expression was analysed in a group of 13 patients with IM caused by
CMYV infection. CD38 quantification was performed within 6 days of the presentation of symptoms. All
three groups of IM patients showed a statistically significant increase in the number of anti-CD38 anti-
body binding sites (which correspond to the number of CD38 molecules) on bright CD8* T lymphocytes
compared to healthy controls. The numbers of CD38 molecules expressed on CD8* T lymphocytes did
not differ significantly between IM patients with typical and atypical clinical presentation of the disease.
Patients with CM V-induced IM had significantly lower numbers of CD38 molecules expressed on CD8*
T lymphocytes. Therefore, we conclude that CD38 quantification could be helpful in differential diag-

nostics of IM cases with atypical clinical presentation.

Keywords:

INTRODUCTION

CD38 is a 45-kDa type II transmembrane glycoprotein expressed
by activated T lymphocytes, thymocytes, B lymphocytes and nat-
ural killer (NK) cells in the peripheral blood and, to a lesser
extent, by platelets and erythrocytes [1].

It is a multi-functional ectoenzyme capable of catalysing
multiple reactions (ADP-ribosylcyclase, NAD-glycohydrolase,
cADP-ribosyl cyclase) and generating products involved in cal-
cium signalling [2]. Furthermore, CD38 is an adhesion molecule.
It is hypothesized that the interaction between CD38 and the cor-
responding counter-receptor CD31 mediates a weak adhesion
between lymphocytes and endothelial cells during the process of
lymphocyte homing [3]. Perhaps the most complex biological fea-
ture of CD38 is its role as a signalling molecule. It has been shown
that CD38 delivers activation signals in T and B lymphocytes as
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well as NK cells and monocytes, resulting in cytokine synthesis
and secretion as well as in activation of several secondary mes-
sengers. It has been hypothesized that CD38 interacts directly
with T cell receptors (TCR) and B cell receptors (BCR) in deliv-
ering activation signals to the corresponding cells [4]. The role of
CD38 as a regulator of T cell-mediated cytotoxicity has also been
investigated.

Although some aspects of the biological role of this molecule
are controversial, it has a firmly established role in the diagnostic
of lymphoproliferative diseases (leukaemia phenotyping and clas-
sification) [5,6]. It has been shown that increased percentages of
CD38*CDS8" T lymphocytes predict faster disease progression and
more intensive depletion of CD4" T lymphocytes in HIV-1
infected patients [7,8]. More recent studies investigated a possible
role of CD38 as a marker of residual viral activity in HIV patients
with undetectable viral load after highly active antiretroviral ther-
apy (HAART) [9]. Elevated relative fluorescence intensity of
CD38 on CD8" T lymphocytes has also been proposed as a supe-
rior negative prognostic marker in HIV-disease [10].

The aim of this study was to quantify CD38 expression on
bright CD8" T lymphocytes in the acute phase of infectious mono-
nucleosis (IM) caused by Epstein—Barr virus (EBV). The
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subpopulation of CD8" T lymphocytes plays an important role in
the controlling of acute EBV infection as well as the establish-
ment and maintenance of viral latency (in B lymphocytes).

A number of studies investigated the phenotype of CD8" T
lymphocytes in IM more closely [11,12]. Callan et al. [13] have
shown that the majority of EBV-specific T cells have an activated/
memory phenotype and express HLA-DR, CD38, memory
marker CD38, low levels of CD45RA and have decreased expres-
sion of homing receptor CD62L. Uda et al. [14] have also reported
an unusual CD28 expression pattern on CD8" T lymphocytes in IM
patients due to the continuous spectrum of CD28 intensity.

Examples of HIV-1 infection and haematology have shown
that measurement of the intensity of CD38 expression increases
significantly the diagnostic value of this molecule [10,15-17].
Therefore, we have employed quantitative flow cytometry in the
model of IM caused by EBV.

CD38 quantification technique chosen for this study is based
on the enumeration of CD38 antibody binding sites in comparison
to the quantification standards rather than determining relative
fluorescence. To our knowledge, this is the first attempt to enumer-
ate CD38 molecules on CD8* T lymphocytes in EBV-caused IM.

We also tried to investigate the possible diagnostic use of
CD38 enumeration on CD8" T lymphocytes in IM.

The diagnosis of IM is based on clinical presentation and sup-
portive laboratory, findings including an absolute lymphocytosis in
which more than 10% of cells are atypical, and appropriate sero-
logical tests [18,19]. Differential diagnosis of IM usually includes
acute infections with EBV, cytomegalovirus (CMV), toxoplasma,
HIV-1/2, human herpesvirus 6 and hepatitis viruses. The combi-
nation of the clinical diagnosis, routine laboratory tests and serol-
ogy data enables a reliable diagnosis in the majority of both adult
and paediatric IM patients. However, atypical clinical and labo-
ratory presentations of this disease can be misleading and result in
inaccurate diagnosis and unnecessary investigations before the
appropriate diagnostic concept has been established [20,21].

Examples of atypical clinical IM presentations include
advanced age, very high fever (>40°C), absence of lymphadenop-
athy, maculopapular skin rash not related to antibiotic use, neu-
rological complications (Guillain-Barré syndrome), autoimmune
haemolytic anaemia, etc. Atypical laboratory findings in IM usu-
ally include very high lymphocytosis (>30 x 10°/1 WBC) and only a
few ‘reactive’ lymphocytes in peripheral blood smears.

Therefore, we have compared the levels of CD38 expression
in patients with typical versus atypical clinical and/or laboratory
presentation of EBV-induced IM as well as in patients with CM V-
induced IM. Possible diagnostic significance of our finding is
discussed.

MATERIALS AND METHODS

Patients and controls

Peripheral blood (PB) samples were obtained from 42 immuno-
competent adult patients with clinical symptoms or laboratory
findings compatible with IM syndrome.

EBV-infected IM patients (n=29) were divided into two
groups based on the clinical and laboratory presentation of their
disease. The median age within the group of EBV-infected IM
patients with typical disease presentation (n = 19) was 22 (range 9)
with male to female ratio 1 :1-2. EBV-infected IM patients with
atypical clinical and/or laboratory disease presentation (n =10)
had a median age of 31 (range 14) and a male to female ratio 1-5 : 1.

The criteria for atypical (clinical or laboratory) presentation
of EBV-induced IM were: advanced age, long incubation period
(more than 10 days), very high fever (>40°C), absence of lym-
phadenopathy, maculopapular skin rash not related to antibiotic
use, neurological complications (Guillain-Barré syndrome),
autoimmune haemolytic anaemia, very high lymphocytosis
(>30x 10°1 WBC), only a few ‘reactive’ lymphocytes in the
peripheral blood smears, etc. A group of patients with CMV-
induced IM included 13 patients. The median age in this group
was 29 (range 15) with male to female ratio 1 :1-5.

The patients were diagnosed and monitored at the Univer-
sity Hospital for Infectious Diseases ‘Dr Fran Mihaljevid,
Zagreb. The hospital’s ethics committee approved the study.
Informed consent was obtained from all patients and healthy
controls.

A group of healthy controls included 35 adults without appar-
ent immunological or haematological disorders. The study
excluded children younger than 17 years of age as well as adults
above 55 years of age (senescence of the immune system). Immu-
nodeficient patients, autoimmune patients and pregnant women
were also excluded from the study.

Serological and other routine laboratory testing

All serum samples were tested for IgM and IgG antibodies to
viral capsid antigen (VCA), IgG antibodies to early antigen-dif-
fuse [EA(D)] and EBV nuclear antigen (EBNA), respectively,
and for IgM and IgG antibodies to CMV using an enzyme-linked
immunosorbent assay (ELISA, DiaSorin, Saluggia, Italy) to
determine acute infections. The method used for determination of
specific [gM to EBV VCA and CMV was indirect IgM capture
assay. Testing and interpretation of the results were performed
according to the manufacturer’s recommendation.

A current acute EBV (typical or atypical clinical presenta-
tion) and CMV infections were defined by the detection of spe-
cific IgM antibodies in the first serum sample, their subsequent
decrease in the second serum sample and further increase in IgG
antibodies specific for EB VCA, EA(D) and EBNA. The absence
of anti-EBNA IgG antibodies in the first serum sample was also a
criterion for the acute EBV infection.

Patients presenting with non-specific viral syndromes have
also been assessed for HIV risk behaviours and, following written
consent, tested appropriately.

Haematological analysis of PB, biochemical tests for liver
enzyme activity as well as cytological analysis of PB smears were
performed in all patients. Flow cytometry was performed by using
an aliquot of PB drawn for haematological analysis.

Flow cytometry

PB immunophenotyping was performed by using a whole blood
non-wash method on Multi-Q-Prep System with the ImmunoPrep
Reagent System (Beckman Coulter, USA). The samples were
analysed on Epics XL-MLC Flow cytometer (Beckman Coulter,
USA) as recommended. Absolute counts of CD4* T lymphocytes
were performed directly on the cytometer by using Flow-Count
Fluorospheres (Beckman Coulter, USA).

Three-colour flow cytometry was performed by using a panel
of monoclonal antibodies specific for CD3, CD4, CD8, CD14,
CD16, CD19, CD45, CD56, HLA-DR (Dako, Denmark) conju-
gated with FITC, PE or PerC5 with appropriate isotypic controls.
Immunophenotyping was performed within 6 days from the onset
of symptoms.
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Quantitative flow cytometry (enumeration of CD38

molecules on CD8* T lymphocytes)

CD38 expression on CD8" T lymphocytes was performed using the
CELLQUANT CD38/CDS-PE flow quantitative flow cytometry
kit (Biocytex, Marseille, France). The number of CD38 antigenic
sites on CD8" T lymphocytes was determined by converting the
CD38 fluorescence intensity into the corresponding number of
sites per cell based on a calibrated bead standard curve. The cal-
ibrated suspension contains beads which are coated with increas-
ing and accurately known quantities of mouse IgG. The procedure
was performed according to the manufacturer’s instructions.

Briefly, for each sample of PB mixed with anticoagulant
K,;EDTA, two tubes were prepared. Aliquots of PB (50 ul) were
mixed with 25 ul of negative isotypic control (mouse IgG anti-
body) and anti-CD38 antibody, respectively. Calibrated bead sus-
pension (50 ul) was also mixed with 25 ul of negative isotypic
control (mouse IgG antibody). After incubation (10 min, room
temperature), 25 ul of FITC-labelled antimouse IgG polyclonal
antibody was added to all three tubes. Following incubation
(10 min, room temperature), 25 ul of neutralization reagent was
added to all tubes. After another incubation (10 min, room tem-
perature), 10 ul of anti-CD8-PE antibody was added to the two
tubes with PB. The red cell lysis and fixation in these two tubes
was performed by using automated Multi-Q-Prep System with the
ImmunoPrep Reagent System (Beckman Coulter, USA).

All three tubes were centrifuged at 300 g for 5 min, superna-
tants were discarded and the cells (or beads) were resuspended in
2 ml of washing buffer. The procedure was repeated and cells or
beads were resuspended in 1 ml of washing buffer. The tubes were
mixed well and incubated at 2-8°C for at least 30 min before anal-
ysis on the flow cytometer.

In order to stabilize the mean fluorescence intensity (MFI)
values, we collected data for at least 2000 (bright) CD8* T lym-
phocytes. The selected statistics for MFI was Mn (x).

The compensation set-up was performed using calibration
beads and negative isotypic control. Figure 1a shows an example
of FL1 LOG histogram versus a calibrated bead solution count.
The calibrator solution contains four distinct subpopulations of
beads with different Mn (x) values. The calibration curve was con-
structed by plotting Mn (x) values for all four subpopulations of
calibrator beads on the abscissa (x-axis) against their correspond-
ing number of monoclonal antibody molecules (provided by the
manufacturer) on the ordinate (y-axis).

By analysing FL1 log in the subopulation of bright CD8* T
lymphocytes in the negative control and unknown sample, we
determined their corresponding Mn (x) values (Fig.1b,c). By
interpolating Mn (x) values of negative control and unknown
sample on the calibration curve, the corresponding numbers of
monoclonal antibodies were read directly from the curve. The
number of specific anti-CD38 antibody binding sites was obtained
by subtracting the negative control value from the value for
unknown sample.

RESULTS

Clinical and laboratory findings in IM

The majority of IM patients in the group 1 (typical clinical pre-
sentation) exhibited usual signs and symptoms associated with this
disease, including fever, lymphadenopathy, laryngitis, malaise,
myalgias, arthalgias, diarrhoea, unproductive cough and splenom-
egaly. The complications of the clinical course included thromb-

ocytopenic purpura (one patient) and myocarditis (one patient).
The majority of patients had leucocytosis, lymphocytosis and
increased percentages of atypical lymphocytes (mean 18%, range
16%) as well as abnormal liver function tests (almost all patients
had increased lactate dehydrogenase (LDH) values). Most
patients showed lymphadenopathy. Cytological examination of
lymph nodes was performed in 15 patients and showed reactive
hyperplasia consistent with IM. Patients with uncomplicated clin-
ical courses were treated conservatively with supporting measures.

Atypical clinical and laboratory presentations of EBV-
induced IM included: absence of lymphadenopathy (n = 1), mac-
ulopapular skin rash not related to antibiotic use (n = 1), autoim-
mune haemolytic anaemia (n=1), very high lymphocytosis
(>30 x 10°1 WBC, nn = 4) and only a few ‘reactive’ lymphocytes in
the peripheral blood smears (n = 3).

The most pronounced clinical signs and symptoms in the CMV
group were similar to those described for the previously men-
tioned EBV-infected patients. Biochemical and haematological
findings were also similar to those in the EBV-infected patients.
Complications described in the CMV group included pneumonitis
(one patient) and thrombocytopenic purpura (one patient).

Lymphocyte subpopulations in IM

Table 1 shows percentages of PB lymphocyte subpopulations in
patients with atypical and typical presentations of EBV- and
CMV-induced IM compared to healthy controls (median, mini-
mum and maximum values). The comparison of lymphocyte sub-
populations in all three groups of IM patients with healthy
controls revealed a similar pattern.

All three groups of IM patients (atypical and typical EBV-
infected and CM V-infected people) showed significantly increased
percentages of T lymphocytes (P = 0-002 for both EBV groups, P
=0-01 for CMV group), CD8" T lymphocytes (P = 0-001 for typical
EBYV and CMYV groups, P = 0-0001 for atypical EBV group) and
activated HLA-DR* T lymphocytes compared to healthy controls
(P < 0-0001 for EBV groups, P < 0-01 for CMV group).

Percentages of CD4" T lymphocytes and B lymphocytes in
both groups of IM patients were decreased significantly compared
to healthy controls (P <0-0001 for atypical and typical EBV
groups, P = 0001 for CMV group).

Despite the reduced percentages, absolute counts of CD4" T
lymphocytes of all three IM groups were within referral values
(median 744, range 1156 cells/ml). In the EBV group, typical
patients had a median of 873 CD4' T lymphocytes per ul (range 856
cells/ml) while atypical patients had a median of 743 CD4* T lym-
phocytes per ul (range 756 cells/ml). CM V-infected patients had a
median of 963 CD4" T lymphocytes per ul (range 856 cells/ml).

NK cells were the only PB lymphocyte subpopulation within
referral values in all three groups of IM patients.

Both groups of patients with EBV-induced IM showed signif-
icantly higher percentages of T lymphocytes (P < 0-001), CD8" T
lymphocytes (P =0-02 for typical, P = 0-01 for atypical EBV-
infected patients) and activated HLA-DR* T lymphocytes
(P =0-02) compared to CMV-infected patients.

Both groups of EBV-infected IM patients had significantly
lower percentages of B lymphocytes (P =0-02 for typical, P =
0-001 for typical EBV group) and CD4* T lymphocytes
(P =0-002 for both groups) than CMV-infected IM patients. The
differences between absolute counts of CD4* T lymphocytes and
percentages of NK cells in three patient groups were not statisti-
cally significant.
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Fig. 1. (a) Quantification standard contains four subpopulations of beads with known numbers of anti-CD38 antibody binding sites
(CELLQUANT, Biocytex). (b) CD38 quantification: negative control. (¢) Expression of CD38 on bright CD8" T lymphocytes in a patient
with EBV-induced IM.
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Fig. 1. Continued

Table 1. Peripheral blood lymphocyte subpopulations in patients with infectious mononucleosis (IM) caused by Epstein-Barr virus (EBV) or cytomeg-
alovirus (CMV)

Cellular subpopulation
(%) median
(minimum-maximum)

EBV-induced IM
typical disease presentation

EBV-induced IM
atypical disease presentation

CMV-induced

infectious mononucleosis Healthy controls

T lymphocytes 88:2* 86-8* 80-3 752
(84:5-92-5) (79-4-91-6) (66-2-90-1) (68-9-88-2)
B lymphocytes 1-6% 1-3% 2:0 89
(0-2-4-5) (0-6-3-2) (0-5-5-1) (5:6-26-8)
CD4* 13-3* 11-5% 231 465
T lymphocytes (6-9-28-9) (7-5-26-8) (10-2-30-5) (35-5-63-4)
CDS8" T lymphocytes 68-1* 69-8* 522 23-4
(43-3-78-3) (39-4-76-2) (35:1-70-5) (19-2-31-7)
NK cells 57 63 46 6-0
(0-5-14-8) (1-3-11-9) (1:5-13-5) (0-5-25-9)
HLA-DR* T lymphocytes 53.9% 30-9% 36-8 56
(13-7-81-4) (15-6-75-1) (12-1-54-6) (1-0-9-2)

The differences in all lymphocytes subpopulations (except NK cells) of both patient groups were significant compared to healthy controls (Mann—
Whitney test, P < 0-05). *Statistically significant differences compared to patients with CMV-induced IM (Mann-Whitney test, P <0-05).

Enumeration of CD38 molecules in IM

All three groups of IM patients (atypical and typical presentation
of acute EBV infection and CMV-infected persons) showed sig-
nificantly increased numbers of CD38 antigenic sites on bright
CDS8" T lymphocytes (Table 2, Fig. 1c, P <0-0001 for both EBV
groups, P = 0-01 for CMV group).

IM patients with CMV-induced IM had significantly smaller
numbers of CD38 antigenic sites on CD8* T lymphocytes com-
pared to both groups of patients with EBV-induced IM (P < 0-001
for both groups).

The difference in the numbers of CD38 antigenic sites CD8* T
lymphocytes in patients with typical and atypical clinical and
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Table 2. Increased numbers of CD38 molecules on bright CD8" T lymphocytes in infectious mononucleosis (IM) caused by Epstein-Barr virus and
cytomegalovirus

The number of anti-CD38 antibody binding sites (per CD8" T lymphocyte)

Group Median Minimum Maximum
EBV-induced IM typical disease presentation 52 095%* 5403 87 109
EBV-induced IM atypical disease presentation 49 672% 4902 86 395
CMV-induced IM 25420 3252 37262
Healthy controls 556 350 988

The difference in CD38 numbers in all patient groups was significant compared to healthy controls (Mann-Whitney test, P <0-001). *Statistically
significant differences compared to patients with CMV-induced IM (Mann-Whitney test, P < 0-001).

laboratory presentation of EBV-induced IM was not statistically
significant.

Statistical methods

Statistical analysis was performed by using the STATISTICA soft-
ware package. Healthy controls and experimental groups were
compared by the non-parametric Mann—-Whitney U-test with P
< 0-05 considered significant.

DISCUSSION

Acute EBV-induced IM is characterized by an expansion of CD8*
T lymphocytes, which are responsible for the control of virus rep-
lication and subsequent establishment of latent infection. A pre-
vious study has described increased numbers of CD38*CDS8* T
lymphocytes in acute EBV infection [22].

However, diagnostic application of CD38 determination in
other models (HIV-1/2 infection, haematological diseases) sug-
gests strongly that quantification of CD38 expression increases
the diagnostic value of this marker [15-17,23]. To our knowledge,
this is the first attempt to determine the numbers of CD38 mole-
cules expressed on bright CD8" T lymphocytes in EBV- and
CMV-induced IM and to compare it to healthy people.

Although no definite guidelines for the technology of choice
in CD38 quantification are available, we have chosen to deter-
mine both MFI and numbers of anti-CD38 antibody binding sites
(corresponding to the number of CD38 molecules) in comparison
with standard calibration. The majority of CD38 quantification
efforts (mainly in HIV-1 model) have been limited to MFI deter-
mination either without calibrators or with biological calibrators
(cord blood, CD4" T lymphocytes), which are difficult to stan-
dardize [10,24-26]. Experts have suggested that the conversion of
fluorescence intensity to numbers of antibody binding sites can
increase the diagnostic, prognostic or therapeutic value of quan-
titative flow cytometry [23,26].

The results of this study show that acute EBV and CMV infec-
tions increase the numbers of CD38 molecules expressed on CD8*
T lymphocytes of IM patients compared to healthy controls. We
have also observed that acute EBV infection induced significantly
higher levels of CD38 expression compared to CMYV infection.

In the context of infectious diseases, CD38 is viewed as an
activation marker. The expression of CD38 in HIV-disease is con-
sidered to be a result of the immune reaction to viral antigens.
This view is supported by the parallel decrease in plasma viraemia
and CD38 expression on CD8" T lymphocytes. This molecule has

also been investigated as a possible surrogate marker of low-level
HIV-1 replication in patients with undetectable viral load in
plasma as a warning signal for possible viral rebound. Therefore,
we hypothesize that CD38 expression is partially a result of the
immune reaction to EBV antigens.

However, some authors have proposed a model for CD38 as
an ‘active player’ and not only as an activation marker in HIV-1
infection [17]. It is believed that, because of its enzymatic activity,
CD38 functions as a rescue signal for nucleotide-starved virus-
infected cells, inhibits binding of HIV-1 gp120 to CD4, etc. The
possible roles of CD38 in EBV and CMV life cycles and the pro-
tection of infected cells from nucleotide deficiency and apoptosis
remain to be seen.

In an attempt to investigate the possible diagnostic applica-
tion of this technique, we have compared the numbers of CD38
molecules on CD8" T lymphocytes in patients with typical and
atypical clinical and laboratory presentation of EBV-induced IM.
Our study showed identical levels of CD38 expression on CD8" T
lymphocytes in serologically confirmed cases of EBV-induced IM,
irrespective of their clinical and laboratory presentation. The
results of our study suggest that CD38 quantification could be
helpful in diagnosing patients with atypical clinical and/or labo-
ratory disease presentation.

The present study confirms our previous observation that
acute EBV-induced IM changes the distribution and activation
state of PB lymphocytes [27].

The pattern of these changes (immunophenotyping profile)
includes decreased percentages of B and CD4" T lymphocytes
accompanied by an increase in total T and CD8" T lymphocytes
and activated HLA-DR* T lymphocytes. Despite decreased per-
centages of CD4" T lymphocytes, absolute counts of these cells
remained within normal range. The comparison of lymphocyte
subpopulations in the PB of patients with CMV-induced infec-
tious mononucleosis with healthy controls showed a completely
identical pattern of changes.

Our conclusion is that CD38 quantification as well as flow
cytometric analysis of PB lymphocytes can be useful for the iden-
tification of patients with atypical clinical or laboratory presenta-
tion of EBV-induced infectious mononucleosis.
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