
INTRODUCTION

Influenza is a representative respiratory tract infection in the
winter season. Many infected individuals develop typical
influenza symptoms after an incubation period of 1–2 days. Most
symptoms generally resolve within a week; however, influenza
sometimes causes severe complications, such as pneumonia.
Decreased peripheral lymphocyte and leucocyte counts in
patients with influenza have been described in the Spanish
influenza outbreak that occurred early in the 20th century and 
are considered a marker of poor prognosis [1]. Experimental or
natural infection with influenza virus in humans [2–10] and
animals [11–15] resulted in lymphocytopenia, which was observed
mainly in active phase (days 1–3) and was related to the severity
of the influenza symptoms. T cells, but not NK cells, were involved
in lymphocytopenia with impaired proliferative response after
stimulation with mitogens [2,4,8]. The recently reported avian
influenza A virus (H5N1) infection in Hong Kong caused a severe

illness or complications with high morbidity and mortality [16].
The severity of illness in this influenza was reported to be associ-
ated with a low peripheral white blood cell count or lymphocyte
count at admission. It is also known that other viruses can cause
lymphocytopenia, although little is known about the mechanism
[2,5,17,18]. Thus, the lymphocytopenia seen in the early phase of
influenza seems to be related to the pathogenesis of the influenza
and its complications.

T cell antigen CD28 is an important cell surface molecule that
provides co-stimulatory signals to promote T cell activation and
proliferation, concomitant with signals through T cell receptors
[19]. In humans, the majority of peripheral CD4+ T cells express
CD28; however, a minor subset of CD8+ T cells lacks expression
of this molecule [20]. CD28- CD8+ T cells possess more cytolytic
activity and elevated levels of IFN-g than CD28+ CD8+ T cells
[20–22], suggesting that circulating CD28-CD8+ T cells are a 
terminal effector population differentiated functionally from
CD28+ CD8+ T cells [23–27]. Recently, several reports have 
proposed phenotypic distinctions between naive, memory and
effector CD8+ T cells in human blood. The phenotypes of naive,
memory and effector CD8+ T cells are CD28+ CD45RO-

CD45RA+, CD28+ CD45RO+ CD45RA- and CD28- CD45RO-
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SUMMARY

Influenza patients show a high incidence of T lymphocytopenia in the acute phase of the illness. Since
CD8+ T cells play an important role in influenza virus infection, we investigated which subset of CD8+

T cells was involved in this lymphocytopenia. CD8+ T cells from eight patients with influenza A were
studied for lymphocyte count, surface marker, and intracellular IFN-g production in the acute (days
1–3) and recovery phases (days 9–12). Total and T lymphocyte counts in the acute phase were approx-
imately three times less than in the recovery phase; however, the CD4/8 ratio was the same in both
phases. The cell count reduction in the acute phase was attributed predominantly to the CD28+ CD8+

subset, compared with the CD28- CD8+ subset. The memory/activation marker CD45RO on the CD8+

T cells was assessed. The CD28+ CD45RO- subset, a naive phenotype, was reduced significantly in
number in the acute phase compared with the recovery phase. The CD28+ CD45RO+ subset, a memory
phenotype, was also reduced in the acute phase, but the reduction was not statistically significant. Intra-
cellular IFN-g in the CD8+ subset after mitogenic stimulation was measured by flow cytometry; the per-
centage of CD28+ IFN-g-/CD8+ subset in the acute phase was significantly less than in the recovery
phase. These results indicated that the predominant reduction of peripheral CD8+ T cells in the acute
phase of influenza was from naive-type lymphocytes, suggesting that these quantitative and qualitative
changes of CD8+ T cells in influenza are important for understanding the immunological pathogenesis.
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CD45RA+, respectively [23,28]. Small lymphocytes that have
matured in the thymus or bone marrow but that have not yet
encountered antigen are referred to as naive lymphocytes. Naive
CD8+ T cells circulate continuously from the bloodstream to the
lymphoid organs where they can contact the peptide antigen 
from infected microorganisms presented by the dendritic cell.
Once naive CD8+ T cells encounter their specific antigen on the
dendritic cells, they proliferate and differentiate to effector or
memory cells which have several immunological functions, such
as lytic activity and IFN-g production.

CD8+ T cells play a major role in immune response to
influenza virus infection, with the effector CD8+ T cells specific
for influenza virus antigens moving to the infection site to clear
the viruses. In some chronic or subacute human viral infections,
CD28 expression on circulating CD8+ T cells changed [22,29]. To
investigate which subset of CD8+ T cells is involved in the lym-
phocytopenia, we show here that the lymphocytopenia observed
in the acute phase in patients with influenza occurs equally in
CD4+ and CD8+ T cells, while the main reduction is found in the
CD28+ 8+ T cell subset. This population is considered the naive
type because it does not express CD45RO and does not produce
IFN-g after mitogenic stimulation.

PATIENTS AND METHODS

Patients
During the winter seasons of 1999/2000 and 2000/2001, eight
Japanese patients (four men and four women) diagnosed with
influenza A were enrolled in this study (Table 1). Mean age ± s.d.
was 31·0 ± 10·6. All patients were negative for antibody to human
immunodeficiency virus I. Diagnosis was performed by the detec-
tion of influenza A antigen from throat swabs using Directigen
Flu A (Becton Dickinson, Mountain View, CA, USA). Influenza
virus subtyping was performed later by the isolation of influenza
virus cultured with Madin–Darby canine kidney cells, or by a
fourfold or greater rise in haemagglutination inhibition antibody
titre in paired sera. Informed consent was obtained from the all
subjects.

Monoclonal antibodies
FITC-conjugated mouse antihuman CD45RO MoAb and PE-
conjugated mouse antihuman CD28 MoAb were purchased from

Coulter (Miami, FL, USA). FITC-conjugated mouse antihuman
CD8 MoAb was purchased from Ortho Diagnostic Systems
(Raritan, NJ, USA). Phycoerythrin-cyanin 5·1 (PC5)-conjugated
mouse antihuman CD3, CD4 and CD8 MoAbs were purchased
from Immunotech (Marseille Cedex, France), and FITC-
conjugated mouse antihuman IFN-g MoAb was purchased 
from Pharmingen (San Diego, CA, USA).

Phenotypical analysis of lymphocytes and cell counts
For the phenotypical analysis of peripheral lymphocytes, triple
immunofluorescence staining was performed with the various
antibodies described above. Briefly, 50 ml of whole blood was incu-
bated with MoAbs for 30 min at 4°C. Incubated blood samples
were lysed in 1 ml of lysing reagent (Ortho Diagnostic Systems)
for 10 min at room temperature, washed twice with PBS/BSA
(bovine serum albumin) and analysed by flow cytometry, Cytoron
Absolute (Ortho Diagnostic Systems) using ImmunoCount 2 
software (Ortho Diagnostic Systems).

The absolute number of lymphocytes was counted by the flow
cytometer. Dead cells were excluded by propidium iodide (Wako
Pure Chemical Industries, Osaka, Japan) staining.

Detection of intracellular IFN-g
Whole blood was diluted at 1 : 3 with complete medium (RPMI
1640 supplemented with 50 U/ml penicillin, 50 mg/ml streptomycin
and 10% heat-inactivated fetal calf serum), all purchased from
GIBCO BRL (Rockville, MD, USA). Diluted blood (1 ml) was cul-
tured in a 24-well culture plate with 50 ng/ml of PMA (Sigma, 
St Louis, MO, USA) and 1 mg/ml of ionomycin (Sigma) in the 
presence of 1 ml/ml of protein-secretion inhibitor GolgiPlug
(Pharmingen) containing Brefeldin A, then incubated at 37°C in
5% CO2 for 4 h.

The fixation, permeabilization and intracellular cytokine
staining of cultured cells were performed with CytoStain Kits
(Pharmingen) according to the manufacture’s instructions.
Briefly, cultured blood samples were harvested and lysed in 10 ml
of 1 ¥ pharm lyse solution for 10 min at room temperature and
washed twice with PBS (Nissui Chemical Industries, Tokyo,
Japan) with 0·5% BSA. Cells were stained with both anti-CD8-
PC5 and anti-CD28-PE MoAbs and incubated for 15 min at 4°C.
After staining with MoAbs, cells were fixed and permeabilized by
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Table 1. Lymphocytopenia without CD4/8 ratio change in the acute phase of influenza

Max body Influenza
Lymphocyte count (ml) T (CD3+) cell count (ml) CD4/8 ratio*

Case (years, sex) temperature (°C) virus subtype Acute Recovery Acute Recovery Acute Recovery

1 (32, M) 37·6 A/H3N2 1146 3131 714 2276 2·78 2·99
2 (30, F) 38·3 A/H3N2 470 1546 250 821 2·01 1·36
3 (23, M) 39·1 A/H3N2 550 1905 362 1440 1·36 1·82
4 (56, M) 38·9 A/H3N2 1108 2606 780 1965 1·85 1·96
5 (29, F) 39·0 A/H3N2 657 1284 458 1037 2·20 2·40
6 (28, F) 38·8 A/H3N2 583 1813 357 1401 2·40 2·42
7 (27, F) 39·1 A/H3N2 765 2654 531 2038 1·04 1·32
8 (23, M) 38·5 A/H1N1 910 1882 706 1432 1·01 1·02
Mean ± s.d. 38·7 ± 0·52 774 ± 257† 2103 ± 629 520 ± 196† 1551 ± 504 1·83 ± 0·65 1·91 ± 0·67

*Peripheral blood stained with anti-CD3, anti-CD4, and anti-CD8 MoAb was analysed by flow cytometry. The ratios were determined by the formula
percentage CD3+ 4+ subset/% CD3+ 8+ subset. †P < 0·01 versus recovery.
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addition of 500 ml of cytofix/cytoperm solution and incubated for
20 at 4°C. Cells were washed by addition of 1 ml of 1 ¥ perm/wash
solution, incubated for 10 min at room temperature and resus-
pended with 100 ml of 1 ¥ perm/wash solution. Cells were stained
with both anti-IFN-g MoAbs for 30 min at 4°C. After the wash
with PBS/BSA, cells were analysed by three-colour flow cyto-
metric analysis.

Statistics
Parametric analysis (paired Student’s t-test) was used to deter-
mine significance of difference. A P-value less than 0·01 was con-
sidered significant.

RESULTS

Lymphocytopenia without change of CD4/8 ratio in the acute
phase of influenza
The subjects in the present study (Table 1) were diagnosed with
influenza A, showing typical influenza symptoms in the acute
phase (days 1–3) and no severe complications of influenza in the
recovery phase (days 9–12). The influenza subtype was A/H3N2
in all except case 8 (A/H1N1). Total lymphocyte counts in peri-
pheral blood were significantly reduced in the acute phase of
influenza (Table 1). Mean lymphocyte counts in the acute and
recovery phase were 774/ml and 2103/ml, respectively. Mean T
lymphocyte (CD3+ cell) count in the acute phase was also lower,
to 520/ml, than in the recovery phase (1551/ml). However, flow
cytometric analysis showed that the mean CD4/8 ratio in the acute
phase did not change significantly compared with the recovery
phase (1·83 versus 1·91).

The reduction of CD28+ CD8+ T cell number in the acute phase
of influenza
As CD8+ T cells play an important protective role in influenza
virus infection we focused on CD28 expression, a differentiation
marker, of the peripheral CD8+ T cells from each subject with
influenza (Fig. 1a). Flow cytometric analysis showed that a 
reduction of cell count in the acute phase was seen predominantly
in the CD28+ CD8+ population (Fig. 1b). Mean counts in the acute
and recovery phases were 66/ml and 287/ml, respectively. The
CD28- CD8+ T cell population was also reduced in number, 
but its reduction was much less than the CD28+ CD8+ population.
This reduction was more prominent when the CD28+ CD8+ cells
were displayed by the percentages among the CD3+ cells (Fig. 1c).
The percentage of the CD28+ CD8+ subset was reduced in 
the acute phase (mean; 13·3%) and increased in the recovery
phase (19·4%). Conversely, the CD28- CD8+ subset was increased
in the acute phase (17·5%) and reduced in the recovery phase
(10·5%).

Specific reduction of peripheral CD8+ T cells of the naive
phenotype in the acute phase of influenza
To clarify the maturation process of peripheral CD8+ T cells, we
next assessed the activation marker, CD45RO, in the CD28+ 8+ T
cells from the influenza patients. Recent studies subdivided the
human CD8+ T cells into CD28+ CD45RO-, CD28+ CD45RO+ and
CD28- CD45RO- populations, which represent naive, memory
and effector CD8+ T cells, respectively [21,29]. Figure 2a shows
the representative cytogram pattern gated in CD8high population
analysed by flow cytometry in the acute and recovery phases 
of influenza. The naive phenotype (CD28+ CD45RO-) in CD8+

cells were significantly lower in number in the acute phase of

influenza (mean; 41/ml) than in recovery phase (200/ml) (Fig. 2b).
The memory phenotype (CD28+ CD45RO+) CD8+ cells were also
lower in number in the acute phase (mean; 18/ml) than in recov-
ery phase (34/ml), but this was not statistically significant (Fig. 2b).
Values of CD8+ T cell subsets observed in the recovery phase are
not different from those obtained on healthy persons in the same
range (data not shown).

Memory and effector CD8+ T cells are activated quickly 
and produce cytokines such as IFN-g and TNF-a after antigenic
stimulation. On the other hand, naive CD8+ T cells take several
days to be activated and to proliferate [30]. To characterize 
these CD8+ T cells further, the IFN-g-producing capacity of
CD28+ CD8+ T cells in influenza patients was investigated. In
seven of eight patients, intracellular IFN-g in CD28+ CD8+ cells
after stimulation with mitogens was stained and measured by flow
cytometry in the acute and recovery phases of influenza. The 
representative cytogram pattern is shown in Fig. 3. CD28+ IFN-
g -, CD28- IFN-g+ and CD28+ IFN-g+ populations were thought to
be naive, effector and memory type cells, respectively. The mean
percentages of CD28+ IFN-g- cells in CD8+ cells in the acute phase
were significantly lower than in recovery phase (24·1% versus
40·9%) (Table 2). Conversely, the mean percentages of CD28-

IFN-g+ cells in CD8+ cells in the acute phase were higher than in
the recovery phase (54·5% versus 38·5%). The percentages of
CD28+ IFN-g+ CD8+ cells was not different between phases
(14·7% versus 15·9%). These results indicated that the reduced
population of CD8+ T cells in the acute phase of influenza is the
naive type.

DISCUSSION

T lymphocytopenia in influenza has been documented elsewhere,
but which T cell subset is involved predominantly is unknown. In
the present study, the T lymphocytopenia was observed equally
in CD4 and CD8+ cells without a change of CD4/8 ratio, and cir-
culating CD28+ CD8+ T cells were reduced in number compared
with CD28- CD8+ T cells during the active phase of influenza. In
CD28+ CD8+ T cells, the predominant reduction was observed in
the CD45RO- or IFN-g-non-producing populations, indicating
that these CD8+ T cells are the naive type. In all the cases studied,
lymphocytopenia was observed in the acute phase (days 1–3) and
recovered in the late phase (days 9–12).

In addition to influenza, several human viral infections 
also induce transient lymphocytopenia [2,5,17,18]. These infec-
tious diseases have the following characteristics; (1) lymphocy-
topenia occurrs in the early phase of the disease, (2) acute and
transient infection with systemic illness such as high fever and 
(3) more and long-lasting lymphocyte reduction related to the
severity of illness. It is uncertain whether a common mechanism
underlying the lymphocytopenia among these viral infectious 
diseases exists.

A relation between lymphocytopenia and the severity of
influenza has been widely accepted [1,3,5,10,16]. The severity of
influenza depends mainly on its complications. The most common
complication is influenza pneumonia, which is seen often in older
people, and patients with cardiovascular or pulmonary disease. As
a possible mechanism of the development of complicated pneu-
monia from influenza, it is tempting to speculate that immuno-
suppression may be caused by lymphocytopenia and suppressed
lymphocyte function. A reduction in the number of naive type
CD8+ T cells in the periphery in the acute phase of influenza may

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:339–346
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Fig. 1. Peripheral CD28+ CD8+ T cell subset reduction in the acute phase of influenza. Peripheral blood from eight influenza patients in
the acute and recovery phases was stained with anti-CD3, CD8 and CD28 MoAb, then analysed by flow cytometry. (a) The representative
cytogram pattern gated in CD3+ (T cell) lymphocytes from a patient with influenza (case 2 in Table 1). (b) The absolute number of
CD28+ 8+ and CD28- 8+ cells and (c) percentages of CD28+ 8+ and CD28- 8+ cells in the CD3+ subset. In (b) and (c), symbols indicate the
patient number from Table 1. Horizontal and vertical bars indicate mean values and standard errors, respectively. *P < 0·01 versus recov-
ery phase. �, 1; �, 2; �, 3; �, 4; +, 5; ¥, 6; �, 7; �, 8.
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cause a dysfunction or a delay in acquiring immunity to the
pathogens. Thus, lymphocytopenia during the active phase of
illness has diagnostic and prognostic significance.

The mechanism of this transient reduction of naive CD8+ T
cells (CD45RO- CD28+ IFN-g -) in peripheral blood is not under-
stood clearly. There are several possible explanations for the
reduction of CD28+ CD8+ T cells of the naive phenotype in
influenza. First, the distribution of the CD8+ T cell pool in the
body may change after infection. Naive T cells circulate continu-
ously from the bloodstream to lymphoid organs, where they
contact the thousands of antigens presented by antigen-
presenting cells. The migration of peripheral lymphocytes to the
lymphoid organ is called homing. It is probable that homing of
naive T cells to lymphoid organs after infection causes the reduc-
tion of naive CD28+ CD8+ T cells from peripheral blood in the
active phase of influenza. In a murine model of influenza, naive
and resting memory CD8+ T cells accumulated first in the drain-
ing lymph nodes after influenza virus infection [31,32], suggesting

the homing of naiive CD8+ T cells to the lymph nodes close to the
infection site. Blocking the homing receptor, L-selectin, in mice
infected with influenza virus thereafter suppressed the expansion
of influenza-specific CD4+ and CD8+ T cells in the draining lymph
nodes [31]. These observations suggest that the supply of naive
lymphocytes to lymphoid organs by homing is a crucial step in
inducing the antivirus effector lymphocytes. Alternatively, since
inflammation can induce vascular homing receptors in lung
parenchyma, homing of naive lymphocytes to inflammatory sites
may also occur in influenza virus infection [33]. In a murine model
of influenza, lymphocytes infiltrating the lung included a minor
population of the naive phenotype [34].

Secondly, the influenza virus may induce cell death, predom-
inantly in naive CD8+ T cells. Animal models of influenza virus
[14] or other virus [35] infection were reported to result in 
the severe destruction of lymph nodes accompanied by the exis-
tence of infectious viruses and lymphocytopenia in peripheral
blood, although influenza virus with less virulence did not [13].

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:339–346
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Recently, in vivo [36] and in vitro [37] infection with influenza
virus induced Fas-dependent apoptosis of lymphocytes [38].
Viruses were cleared through apoptosis-dependent phagocytosis
by macrophages in vitro [39], suggesting that the apoptosis trig-
gered by the viruses play an important physiological role in elim-
inating the viruses. However, direct cell death or apoptosis did 
not explain the difference between CD28+ and CD28-CD8+ T cell
reduction, and there is no evidence that influenza virus can infect
CD8+ T cells. Direct cell death may occur in the CD28+ subset
rather than in the CD28- subset. Indeed, apoptotic cell death by
stimulation in culture was reported to have been seen more often
in the CD28+ subset than in the CD28- subset in human [24,25].
Whether CD28- CD8+ T cells are resistant to apoptotic cell death
in influenza virus infection in vivo is uncertain. It is quite possible
that cell death documented in naive lymphocytes in draining
lymph nodes was followed by a reduction of peripheral naive
CD8+ T cells during influenza virus infection. Further experiments
detecting Fas-expression and DNA fragmentation in circulating
CD28+ CD8+ T cells are needed.

Finally, the possibility exists that the down-regulation of
CD28 is induced by the influenza virus infection. Several reports
have demonstrated that CD28- CD8+ T cells in peripheral blood
matured from the CD28+ subset in humans [23,24,27,28]. Human
ageing [40] and HIV or EBvirus infection [22,29] have been asso-
ciated with a decrease of CD28+ CD8+ T cells and an increase of
CD28- CD8+ T cells. Some investigators have hypothesized that
lymphocytes in aged people and patients with chronic infections
were exposed and activated by repeated antigenic stimulation and
set in the immune senescent state [23,27]. This state is character-
ized by an increased number of CD28- CD8+ T cells in the periph-
ery. However, the predominance of peripheral CD28- CD8+ T
cells in influenza patients could not be due to immune senescence,
because the absolute count of peripheral CD28- CD8+ T cells was
decreased slightly in number. For an alternative explanation, the
influenza virus may prevent CD28 expression by affecting mem-
brane metabolism.

It is uncertain whether cytokines are related to this lym-
phocytopenia. We assessed serum IFN-a, IFN-g, IL-2 and IL-4 
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Fig. 3. Flow cytometric pattern of intracellular IFN-g in CD28+ 8+ cells in
influenza. Peripheral blood cells from patients with influenza were cul-
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then stained with anti-CD8 and CD28 MoAb. After fixation and perme-
abilization, intracellular IFN-g was stained with antihuman IFN-g MoAb
and analysed by flow cytometry. The representative cytogram pattern is
shown (case 2).

Table 2. Reduced frequency of peripheral CD28+ 8+ lymphocytes without the capacity for IFN-g
production in the acute phase of influenza

CD28+ IFN-g - (%)* CD28- IFN-g + (%) CD28+ IFN-g + (%)

Case Acute Recovery Acute Recovery Acute Recovery

1 n.d. n.d. n.d. n.d. n.d. n.d.
2 35·6 45·6 37·9 33·9 21·1 16·3
3 23·7 51·5 48·7 21·3 22·7 17·6
4 6·8 15·3 84·5 66·5 5·3 18·1
5 13·1 35·5 67·6 46·7 12·7 16·8
6 26·3 50·7 52·6 28·6 15·7 16·1
7 34·5 46·2 35·2 31·4 18·3 14·2
8 28·5 41·2 54·9 41·2 7·2 12·0
Mean ± s.d. 24·1 ± 10·7† 40·9 ± 12·5 54·5 ± 17·1† 38·5 ± 14·9 14·7 ± 6·7 15·9 ± 2·1

*Whole blood was cultured with PMA, ionomycin and protein-secretion inhibitor, then incubated
at 37°C for 4 h. After staining with anti-CD8 and anti-CD28 MoAb, cells were fixed, permeabilized
and stained with anti-IFN-g MoAb, then analysed by three-colour flow cytometric analysis. n.d.: not
done. †P < 0·01 versus recovery.
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by standard ELISA method; however, these cytokines were 
not detected in all the samples from influeza subjects. A high 
concentration of cytokines localized in the infection site or 
draining lymph nodes may influence the reduction of lymphocyte
number. Our findings of a reduced population of T lymphocytes
in the acute phase of influenza is limited to CD8+ T cells. We 
were unable to analyse the CD4+ T cells as the great majority 
of CD4+ T cells expressed CD28 and the positivity of CD28 
did not undergo a drastic change during the clinical course of
influenza. Further studies are needed to determine populational
changes in circulating CD4+ T cells in the acute phase of influenza.
Quantitative and qualitative changes of T lymphocytes in
influenza are important for understanding the immunological
pathogenesis of this disease and providing for successful disease
control.
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