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SUMMARY

Hantaviruses cause an important human illness, HFRS. Blood samples from 22 HFRS-positive, six
seronegative patients and 15 healthy controls were examined in 1995, during the largest HFRS epidemic
in Croatia. Results of double- and triple-colour immunofluorescence analysis showed an increased
percentage of cytotoxic T cells (CD3þCD8þ) in seropositive patients compared with seronegatives and
healthy controls. The majority of seropositive HFRS patients expressed activation and memory antigens
on T and B lymphocytes. The percentage of CD23þ and CD21þ B lymphocytes was lower in
seropositive patients. HFRS patients had elevated levels of sCD23 and five had elevated total IgE.
The increased expression of both early and late T cell activation antigens, e.g. CD25, CD71 and HLA-
DR, memory cells and sCD23 positively correlated with biochemical parameters (AST, ALT, urea,a2-
globulin) during the acute phase of HFRS. The phenotypic changes observed, especially early and late T
cell activation markers, as well as memory cells, could be useful parameters in the evaluation of HFRS
course, and prognostic factors of HFRS severity. Additional attention should be paid to liver
involvement in the pathogenesis of HFRS.

Keywords haemorrhagic fever with renal syndrome flow cytometry T and B
lymphocytes sCD23 liver transaminases

INTRODUCTION

Hantaviruses (HTV), familyBunyaviridae, include a number of
pathogens that cause HFRS in humans. The phylogenetic analyses
of virus isolates identified 14 related groups of hantaviruses and
eight probable species [1]. Some of them also cause hantavirus
pulmonary syndrome [2].

A broad spectrum of clinical conditions has been recognized in
HFRS, ranging from inapparent or mild illness to a fulminant
haemorrhagic process with severe renal failure and death. Xu &
Wang suggest that antigenic variations could explain variations in
the HFRS severity and different clinical symptoms as well as
epidemiological characteristics [3]. In spite of numerous genetic
and serologic analyses of different hantaviral isolates worldwide,
especially since the hantaviral pulmonary syndrome (HPS) has
been recognized in the USA, little is known about the pathogenesis
of HFRS.

There is some evidence that immune complexes have a role in

the HFRS pathogenesis [4]. Also, activation of both classic and
alternative complement pathways in HFRS has been documented
[5]. In HFRS patients, a specific antibody can be detected at or very
close to the onset of symptoms. It is generally accepted that
specific IgM antibodies are measurable as early as the first 3 days
of the disease [6,7]. Specific IgG rise more slowly and do not reach
maximum until about the second week of the disease [6]. In
contrast to some other haemorrhagic fevers, HFRS patients may
die with high antibody titres and no detectable viraemia [8].
Additionally, specific IgE as well as soluble CD23 (sCD23) have
been detected in HFRS in the febrile phase [9]. T cell activation
occurs very early in HFRS and is associated with an increase in the
absolute number of neutrophils, monocytes, and B and T cells.
There is no change in CD4þ T cell population [4,10]. In mice, T
cells seem to play a crucial role in the resistance to hantaviral
infection through the cytotoxic T cell response, and to help in
antibody production, production of cytokines including interferon
(IFN) and induction of DTH reactions [11]. Recent investigations
of Linderholmet al. [12] demonstrated elevated plasma levels of
tumour necrosis factor-alpha (TNF-a), soluble TNF receptors, IL-6
and IL-10 in patients with HFRS.
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Activation of resting, antigen-specific lymphocytes with viral
antigens, and non-specific activation of lymphocytes with soluble
factors (e.g. cytokines) results in changes of the cell surface
phenotype. Among the earliest activation changes are transient
expression of the early activation markers, CD25 (IL-2 receptor)
and CD71 (transferrin receptor), with later up-regulation of MHC
II class (HLA-DR) antigen [13].

At the beginning of the greatest HFRS epidemic in Croatia
[14,15], we wanted to evaluate immunophenotypic changes occur-
ring in HFRS patients, considering the main lymphocyte popula-
tions, especially in regard to activation markers. For that purpose,
we analysed the immunophenotypic changes in the main lympho-
cyte populations and lymphocyte activation markers in HFRS
patients, seronegative and healthy controls, by use of whole
blood two- and three-colour flow cytometry. Total IgE and soluble
CD23 were also determined in some patients.

PATIENTS AND METHODS

Patients
In this study, 22 soldiers with serologically confirmed HFRS
(Dobrava and Puumala infection), males (aged 21–37 years) hos-
pitalized at the University Hospital for Infectious Diseases in
Zagreb and General Hospital in Varazˇdin in April–May 1995,
were tested. Blood samples were taken at admission to the hospital.
The patients were hospitalized in the acute phase of illness,
between 2 and 29 days (mean 12 days) after the onset of HFRS.
Seventeen of them were in febrile, hypotensive or oliguric phase,
and five entered polyuric phase. Six HFRS suspected but sero-
negative controls and 15 healthy controls were also included in the
study. Three of the seronegative patients hadpneumonia atypica,
two had catarrhus febrilis respiratoris, and one hadgastro-
enterocolitis acutaas the final diagnosis. Clinical and biochemical
findings in the HFRS patients were also analysed.

Flow cytometry analysis
Two- and three-colour immunofluorescence cytometry were per-
formed with MoAbs identifying the following surface antigens for:
T cells and T cell subpopulations (CD3, TCR, CD4, CD8,
CD45RA, CD45RO); B cells (CD20, CD21); natural killer (NK)
cells (CD16, CD56); and activation markers on T cells (CD25,
CD71, HLA-DR), and on B cells (CD23). All MoAbs except CD21
(Immunotech, Marseille, France) were purchased from Becton
Dickinson (Heidelberg, Germany). MoAbs were directly conju-
gated to fluorochromes (FITC, PE and PerCP). In each experiment,
FITC-, PE- and PerCP-conjugated isotypic controls were used for
determination of non-specific binding. Simultaneous staining with
different MoAbs was performed on whole blood samples as
described previously [16]. Briefly, 50ml of heparinized blood
were incubated in the dark at 48C with 10ml of fluorochrome-
conjugated antibodies for 30 min. Erythrocytes were lysed by
adding 2 ml of 10% FACS lysing solution (Becton Dickinson,
San Jose, CA) for 10 min at room temperature in the dark. After
extensive washing, the cells were resuspended in 0·5 ml of the
fixative (1% formaldehyde) solution. Control suspensions were
prepared by the same procedure.

Cell fluorescence of the control and patient samples was analysed
on a FACScan flow cytometer (Becton Dickinson, Mountain View,
CA) and 5000 and 20 000 cells within the lymphocyte gate were
collected for two- and three-colour analysis, respectively. Data were
analysed using CELLQuest software (Becton Dickinson).

Measurement of total IgE and sCD23
Total IgE was determined in 36 sera of 21 patients, using PRIST
(Institute of Immunology, Zagreb, Croatia), as previously
described [16]. Total IgE values> 120 kU/l were considered
elevated.

Soluble CD23 was measured in sera of 13 patients, by use of
ELISA kit (The Binding Site Limited, Birmingham, UK). Accord-
ing to the manufacturer’s protocol, the range for sCD23 for normal
sera was 1–6mg/l.

Statistical analysis
Multiple comparison of the three groups tested was performed by
computing Conover’s inequality if H0 was rejected by Kruskal–
Wallis test corrected for ties [17]. Pearson product¹ moment
correlation was used for describing the relationship between the
clinical and immunological data.

RESULTS

Percentage of major lymphocytic subpopulations in hantavirusþ

and hantavirus¹ patients
Analysis of the major lymphocyte subpopulations (T, B and NK
cells) in the groups of seropositive, seronegative and healthy
controls revealed no changes between the groups in the percentage
of total T lymphocytes (CD3þ or TCRþ), B lymphocytes (CD20þ

or CD21þ) and NK cells (CD3–CD16,CD56þ) (data not shown).
The percentage of cytotoxic T lymphocytes (CD3þCD8þ) was
significantly elevated in the group of seropositive patients com-
pared with seronegative and healthy controls (Fig. 1a). Although
there was no difference in the percentage of either CD20þ or
CD21þ B lymphocytes between the tested groups, seropositive
patients showed a significant decrease in CD20þCD21þ double-
positive subpopulations as a percentage of total B lymphocytes
(CD20þ) when compared with healthy controls (Fig. 1b).

Expression of activation and memory antigens on T and B
lymphocytes
Within T lymphocytes, we found an increased percentage of total
activated T cells (TCRþHLA-DRþ) in seropositive patients com-
pared with both seronegatives and controls (Fig. 2a). Further
analysis of early activation markers on T cell subpopulations
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Fig. 1. Percentage of CD3þCD8þ, cytotoxic T lymphocytes (a), and
CD20þCD21þ subpopulation of B lymphocytes (b) in seropositive patients
(SP; n¼ 22), seronegative patients (SN;n¼ 6) and healthy controls (C;
n¼ 11). Box indicates 25th and 75th percentile, central point median, and
whiskers indicate minimum and maximum data values. Probabilities (P) of
rejecting null hypothesis for computed Conover’s inequalities are indicated
by dotted lines where found.



revealed an increased percentage of activated cytotoxic
(CD8þCD71þ) and helper (CD4þCD25þ) lymphocytes in sero-
positive patients (Fig. 2b,c). In contrast, the percentage of activated
B lymphocytes (CD20þCD23þ) within total B cells was decreased
in the seropositive group compared with healthy controls (Fig. 2d).

The expression of naive (CD45RA) and memory (CD45RO)
markers was analysed on CD4þ and CD8þ T lymphocytes. There
was a decrease in the percentage of total CD45RA lymphocytes
(Fig. 3a) and an increase in the percentage of CD45ROþ lympho-
cytes (Fig. 3b) in seropositive patients in comparison with healthy
controls. We also found an increased percentage of CD4þ and
CD8þ lymphocytes simultaneously expressing both CD45RA and
CD45RO markers in seropositive patients when compared with
seronegatives and healthy controls (Fig. 3c,d).

Clinical and biochemical findings
All except three (see below) of the tested HFRS patients developed
a mild form of HFRS. All patients had fever and most of them
suffered headache, backache, myalgia and arthralgia, but they also
developed oliguria and polyuria, visual disturbance, conjunctival
injection and face and neck flush. We also observed pulmonary and
liver disorders in our patients. Among the three severe HFRS cases,
one patient needed dialysis, and two patients developed epileptic
seizures. In one of these patients, cerebral haemorrhage was found
on computed tomography (CT). Biochemical data are shown in
Table 1.

Total IgE and sCD23
In five out of 21 HFRS patients we found elevated total IgE values
(mean 412 kU/l; range 147–770 kU/l). All patients with increased
total IgE values showed a slight decrease of IgE in paired sera (data
not shown).

All tested HFRS patients (n¼ 13) had elevated levels of sCD23
(mean 17mg/l; range 6·5–53·7mg/l).

Relationship between the expression of lymphocyte surface anti-
gens and biochemical data
Several correlations between the expressed lymphocyte surface
antigens and biochemical data are shown in Table 2. In short, liver
transaminases (AST, ALT) were in positive correlation with
activation markers on T cells and sCD23, while platelets showed
negative correlation with CD4þCD25þ. AST, ALT, urea anda2-
globulin were in positive correlation with CD4þ and CD8þ

lymphocytes which simultaneously expressed both CD45RA and
CD45RO markers. Biochemical parameters of renal and liver
function were in positive interrelationships, while platelets
showed negative correlation with a majority of them.

DISCUSSION

Immune mechanisms involved in the pathogenesis of HFRS
have been the subject of research in the last 20 years. However,
this is the first study in Europe to analyse in detail the immuno-
phenotypic changes in peripheral blood lymphocytes, and their
relationship with the clinical parameters and pathogenesis of
HFRS. In our study, we performed whole blood two- and three-
colour immunofluorescence analysis, a powerful tool in the
phenotypic determination of different lymphocyte subsets [18,19].

We found an increased percentage of cytotoxic T lymphocytes
(CD3þCD8þ) in seropositive patients. In mice, it was previously
postulated that hantaviral infections could induce changes in the
cell-mediated response with generation of an effective CD8þ cell-
mediated immune response. These findings were found to be
closely linked to the resolution of acute hantaviral illness
[11,20–23]. The ability of cytotoxic cells to attack and destroy
virus-infected cells early in the replicative cycle of a virus is
modulated via cytokine production [24]. IL-12 promotes the
development of Th1 lymphocytes which then produce cytokines
(e.g. IFN-g) important for their cytotoxic function [25]. IFN-g was
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Fig. 2.Percentage of TCRþHLA-DRþ (a), CD8þCD71þ (b), CD4þCD25þ

(c) T lymphocytes, and CD20þCD23þ (d) B lymphocytes in seropositive
patients (SP;n¼ 22), seronegative patients (SN;n¼ 6) and healthy controls
(C; n¼ 15 (a), 14 (b), and 13 (d)). Box indicates 25th and 75th percentile,
central point median, and whiskers indicate min-max data values. Prob-
abilities (P) of rejecting null hypothesis for computed Conover’s inequal-
ities are indicated by dotted lines where found. ND, Not done.
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Fig. 3. Percentage of lymphocytes with CD45RAþ (a) and CD45ROþ

markers (b), and percentage of CD4þCD45RAþCD45ROþ (c) and
CD8þCD45RAþCD45ROþ (d) phenotype, in seropositive (SP;n¼ 22),
seronegative patients (SN;n¼ 6) and healthy controls (C;n¼ 13). Box
indicates 25th and 75th percentile, central point median, and whiskers
indicate minimum and maximum data values. Probabilities (P) of rejecting
null hypothesis for computed Conover’s inequalities are indicated by dotted
lines where found.



shown to decrease the expression of CD23 antigen on B cells [26].
Therefore, the decreased percentage of CD23þ B lymphocytes
in seropositive HFRS patients in comparison with seronegatives
and healthy controls could be the result of IFN-g produced by
HFRS-specific CD4þ T lymphocytes.

Soluble CD23 has been found to be implicated in the regulation
of many immunological functions of T and B lymphocytes,
macrophages and myeloid cells in humans [9,19]. We found
elevated levels of sCD23 which highly correlated with AST.
Although we found no correlation between the levels of sCD23
and IL-2 receptor (CD25), both of them were increased in HFRS
patients and could have a regulatory interaction [27]. Both could be
involved in the activation of HFRS. Elevated total IgE could also
be one of the parameters of HFRS activation in some patients. IgE
immune complexes may induce increased expression of TNF-a,
resulting in increased vascular permeability. TNF-a has recently
been found to be one of the major parameters in the pathogenesis of
HFRS [5]. In our patients, total IgE slightly decreased in the later
phase of HFRS.

We found that in seropositive patients, the percentage of T cells
expressing early activation markers (CD71, CD25) was also
increased. An increased expression of the IL-2 receptor (CD25)
antigen was also found in the study of Huanget al. Increased levels
of sIL-2R in the same study were in concordance with the degree of
illness [28]. Activation markers showed positive correlation with
AST and ALT, and negative correlation with platelets. Elevation of
AST could be caused by acute renal disorders, but could also result
from acute haemolytic anaemia or virus replication in the liver.

Elevated levels of AST, ALT andg-glutamyl transferase (g-GT)
are sensitive indicators of liver cell integrity and acute hepatic
inflammation. Recently, Menget al. [29] found that hantaviruses
may be an important agent in acute hepatitis of unknown aetiology.
Our findings that AST and ALT positively correlate with T cell
activation markers indicate important liver involvement in HFRS
pathogenesis.

We observed no changes in other lymphocyte populations such
as NK cells (CD3–CD16þCD56þ) and helper T cells
(CD3þCD4þ), although a significantly lower number of NK cells
has been found during the first week of HFRS in comparison with
the second week of the disease onset [9].

To test the possible activation of B cells in HFRS patients, we
determined the expression of CD21 antigen, since its expression
decreases upon B cell activation [30]. We observed that B
lymphocytes were activated in seropositive patients, since they
had a lower percentage of CD21þ B lymphocytes compared with
seronegatives and healthy controls. This result emphasizes the role
of B lymphocytes in the pathogenesis of HFRS.

In this study we also analysed the expression of naive (CD45RA)
and memory (CD45RO) markers on CD4þ and CD8þ lymphocytes,
and found an increased percentage of memory T cells with a conse-
quently decreased percentage of naive T cells. The increase in triple-
positive CD4þCD45RAþCD45ROþ and CD8þCD45RAþCD45ROþ

lymphocyte subsets was especially pronounced. These results are
in agreement with the observation that T cells express CD45RO
very rapidly upon activation. Obviously, CD45RA expression is
lost more slowly, so the cells co-express both isoforms for some
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Table 1. Distribution of increased and decreased laboratory parameters in patients with HFRS

Laboratory data No. of patients with increased No. of patients with decreased
(normal ranges) laboratory values laboratory values

AST (max. 26 U/l) 17/22 0/22
a2-globulin (5·5–9·5%) 14/22 1/22
ALT (max. 35 U/l) 14/22 0/22
Creatinine (35–115mmol/l) 13/22 0/22
Urea (1·8–8·8 mmol/l) 13/22 0/22
SR (0–20 mm/h) 11/22 0/22
Leucocyte count (4–10×109/l) 9/22 1/22
g-GT (7–38 U/l) 7/18 0/18
LDH (40–276 U/l) 4/18 0/18
Globulins (24–34 g/l) 4/22 1/22
Neutrophils (50–70%) 4/22 4/22
Albumin (57–66 mmol/l) 3/22 2/22
Alkaline phosphatase (80–220 U/l) 2/18 0/18
CPK (19–107 U/ml) 2/18 0/18
Prothrombin time (70–100%) 0/10 2/10
Bilirubin (5–20mmol/l) 1/18 0/18
Lymphocytes (20–40%) 1/22 8/22
Platelets (100–400×109/l) 0/22 12/22
Haemoglobin (140–180 g/l) 0/22 7/22
Haematocrit (0·38–0·52l/l) 0/22 2/22
Erythrocytes (4·4–5·8×1012/l) 0/22 1/22
Naþ (138–146 mmol/l) 0/22 4/22
Kþ (3·8–5·2 mmol/l) 0/22 5/22
Cl¹ (95–105 mmol/l) 0/22 3/22

AST, Aspartate; ALT, alanine; SR, sedimentation rate;g-GT, g-glutamyl transferase; LDH, lactate dehydro-
genase; CPK, creatinine phosphokinase; Naþ, sodium; Kþ, potassium; Cl¹, chloride. Some laboratory tests (g-GT,
LDH, alkaline phosphatase, CPK, prothrombin time, bilirubin) were not performed in all patients.
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time, presenting the transitional state of T lymphocytes after
antigen (e.g. viral antigen) stimulation [31]. Positive correlation
of T cells with co-expression of CD45RA and CD45RO markers
and biochemical parameters such as AST, ALT, anda2-globulin,
indicated that the process of memory cell development occurred at
the same time as HFRS progression.

In conclusion, the observation of phenotypic changes, espe-
cially the early and late T cell activation markers, as well as
memory cell development, could be useful parameters in the
evaluation of HFRS course. The possibility that these parameters
might be prognostic factors for the later development of a chronic
sequel is the subject of our further study.
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