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Summary

Post-traumatic stress disorder (PTSD) is an anxiety disorder that can occur
after exposure to extreme traumatic experience such as war trauma, and is
accompanied by fear, helplessness or horror. Exposure to trauma can result in
immune dysregulation and influence susceptibility to infectious disease as
well as vaccine efficacy. The aim of the study was to determine the relation of
psychological stress and the immune response to influenza vaccination in
combat-related PTSD patients (n = 28). Detection of anti-viral antibody titre
was performed by inhibition of haemagglutination assay. Ex vivo tetramer
staining of CD8+ T lymphocytes was used to monitor T cells specific for
human leucocyte antigen (HLA)-A*0201-restricted influenza A haemaggluti-
nin antigens before and after vaccination. Twenty patients showed a fourfold
antibody titre increase to one or both influenza A viral strains, and 18 of them
showed the same response for both influenza B viral strains. Ten of 15 healthy
controls showed a fourfold rise in antibody titre to both influenza A viral
strains and eight of them showed the same response for both influenza B viral
strains. HLA-A*0201+ PTSD patients (n = 10) showed a significant increase of
influenza-specific CD8 T cells after vaccination. Although those PTSD
patients had a lower number of influenza-specific CD8+ T cells before vacci-
nation compared to HLA-A*0201+ healthy controls (n = 6), there was no dif-
ference in influenza A antibody titre between PTSD patients and control
subjects before vaccination. The generated humoral and cellular immune
response in PTSD patients argues against the hypothesis that combat-related
PTSD in war veterans might affect protection following influenza vaccination.
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Introduction

Stress is known to affect immune function and to influence
susceptibility to infectious disease [1,2]. Previous studies
have reported that high levels of stress produce and maintain
fewer protective antibodies against pathogens such as influ-
enza, hepatitis B and pneumococcus [3–7]. Post-traumatic
stress disorder (PTSD), according to the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-IV), is defined as
an anxiety disorder that can occur after exposure to extreme
traumatic experience such as war trauma, and is accompa-
nied by intense fear, helplessness or horror [8]. Those
exposed to war trauma report a higher incidence of illness
[9]. The published data now support the hypothesis that

some of the biological dysfunctions can result from immune
alterations associated with PTSD [10]. However, it is
unknown whether combat-related PTSD may diminish vac-
cination efficacy and increase vulnerability to pathogens that
give rise to infections.

The recent war in Croatia and Bosnia–Herzegovina
affected not only soldiers, but also the general population.
We previously studied immune reactivity in civilians
(displaced people, refugees, detainees) and soldiers
with PTSD (professional and enrolled) during or shortly
after the war (reviewed in [11]). In general, fewer changes
in immune and hormonal parameters were found in pro-
fessional soldiers than in civilians or enrolled soldiers
[12–14].
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Influenza A viruses cause annual epidemics of acute res-
piratory infection which often result in significant morbidity
and mortality in the human population. Since 1889 at least
five pandemics have occurred, with Spanish influenza
causing more than 20 million deaths worldwide in 1918 [15].
The possible threat for future influenza pandemics, either
natural or man-made, in the globally interconnected 21st-
century world should be high on the list of priorities for
health authorities.

Antibody titre against haemagglutinin (HA) proteins pro-
vides a correlate of protection following vaccination, espe-
cially if inactivated influenza virus vaccine is used. However,
seroconversion evaluates only the capacity of B cells to
secrete anti-viral antibodies. The protective efficacy of the
influenza vaccine in Croatia is similar to the efficacy reported
worldwide (approximately 70%) [16]; the effect wanes to
some degree in the elderly population [17]. Virus-specific
CD8+ cytotoxic T lymphocytes (CTL) have been implicated
as necessary for the clearance of the influenza virus during
infection [18], and consequently are a valuable population to
induce following influenza vaccination. We investigated
whether combat-related PTSD in war veterans influenced
protection following influenza vaccination.

Materials and methods

Subjects and study design

Twenty-eight (27 male and one female) combat-related
chronic PTSD patients (mean age 39 years, range 30–55)
selected randomly from the Croatian National Registry of
PTSD patients were recruited for the study. The mean dura-
tion of their combat activity was 2·7 � 1·9 (range 1–5) years.
A mean of 9·2 � 4·7 years had elapsed since they experi-
enced combat traumas. Most of them (68%) were married
and 71·8% had had secondary school education.

The structured clinical interview based on DSM-IV crite-
ria [8] was used for the diagnosis of PTSD. The existence of
current and lifetime symptoms was assessed using the Clini-
cal Administered Post-traumatic Scale (CAPS) [19]. The
inclusion criteria were current and chronic combat-related
PTSD (CR-PTSD). The study was approved by Ethics Com-
mittees of both participating hospitals and all patients gave
their informed consent. During the 12-month period prior
to vaccination, they were treated mainly with selective sero-
tonin reuptake inhibitors or tricyclic antidepressants, alone
or in combination with other antidepressants, sedative hyp-
notics, anti-convulsants and anxiolytics. All participants had
been free from any psychotropic or hormonal medication,
drug or alcohol abuse for at least 1 month, and did not suffer
from infectious, allergic or endocrine disorders. Additional
exclusion criteria for PTSD patients were: (a) positive family
history of psychosis; (b) history of schizophrenia, schizo-
affective disorder or bipolar disorder; (c) serious concomi-
tant medical condition (such as diabetes, hypertension and

atherosclerosis); (d) history of seizures or misuse of alcohol
or drugs; (e) clinically significant abnormalities in electro-
cardiogram or laboratory findings; and (f) risk of suicide.
Eighty-one per cent of patients were smokers. The control
group consisted of 15 healthy laboratory workers (mean age
32 years, range 23–54). The enrolment of the control group
was approved by the Ethics Review Board of the Croatian
Institute of Public Health, and all participants gave their
informed consent.

During the 2003–04 winter, all subjects were immunized
with the Agrippal® (Chiron, Italy) influenza vaccine,
which contains influenza A (A/New Caledonia/H1N1-like,
A/Moscow/H3N2-like) and B (B/Hong Kong/-like,
B/Shangdong-like) purified surface antigens according to
World Health Organization (WHO) recommendations [20].
The subjects had no known allergy to eggs, egg products or
chicken protein, had not suffered from influenza-like disease
within the previous 12 months or had a history of influenza
vaccination. human leucocyte antigen (HLA)-A*0201+ status
was analysed as described previously [21,22] and was
confirmed in 10 male PTSD patients and six healthy
male controls. Finally, peripheral blood mononuclear cells
(PBMC) and sera were collected before and 14 days after
vaccination.

PBMC were isolated from peripheral venous blood by
Ficoll-Paque (Pharmacia Biotech, Uppsala, Sweden) and
stored in liquid nitrogen for later use. Cell freezing was per-
formed following the manufacturer’s instructions (Nalgene,
NY, USA). All frozen cells were used within 6 months.

HLA-A*0201 tetramers

Phycoerythrin (PE)-labelled HLA class I tetramers
(Proimmune, Oxford, UK) were loaded with two HLA-
A*0201-restricted immunodominant New Caledonia virus
haemagglutinin peptides, HA344-353 (GLFGAIAGFI) and
HA541-549 (VLLVSLGAI) [23].

Immunofluorescence staining

The following conjugated murine anti-human monoclonal
antibodies (mAb) were used: CD3-APC, CD38-CyChrome
(BD Biosciences, San Jose, CA, USA) and CD8-fluorescein
isothiocyanate (FITC) (Serotec, Oxford, UK). For direct
staining, thawed PBMC (2 ¥ 106) were washed twice with
0·1% bovine serum albumin (BSA) in PBS (wash buffer),
and stained first with HLA-tetramers at 4°C for 20 min in the
dark and then for an additional 25 min with anti-CD3, anti-
CD8 and anti-CD38 mAb. After incubation, cells were
washed twice with wash buffer, resuspended in 0·5 ml of PBS
with 1% fetal calf serum (FCS), and analysed immediately on
a flow cytometer (FACSCalibur; BD Biosciences). Figure 1
shows representative dot-plots of HA344-353 and HA541-549 tet-
ramer staining in HLA-A*0201+ PTSD patient and healthy
control before and 14 days after vaccination. The negative

E. Kosor Krnic et al.

304 © 2007 British Society for Immunology, Clinical and Experimental Immunology, 149: 303–310



control for tetramer analysis was PBMC from HLA-A*0201
negative vaccinated donors (n = 2). As positive control we
used influenza-specific T cell lines, which we generated from
PBMC of HLA-A*0201+ influenza-vaccinated donors.
Briefly, PBMC were incubated in 12-well plates with 1 mM
influenza peptide (HA344-353 or HA541-549) in RPMI-1640
supplemented with 10% human antibody serum (RPMI-
AB) and antibiotics at 37°C and 5% CO2. After 1-h incuba-
tion, 2 ¥ 106 cells/well from the same donor were added.
RPMI-AB supplemented with 10 U/ml of human recombi-
nant interleukin (IL)-2 (R&D Systems, Minneapolis, MN,
USA) was changed on the third and seventh days of cell
culture. Cells were harvested and analysed after 10 days’
incubation.

Flow cytometry analysis

Four-colour analyses were performed using dual-laser
FACSCalibur flow cytometer and CellQuest software.
Lymphocytes (gated from scatter graph based on size and
density of the population) double-positive for CD3 and CD8
were designated CTL. For each sample 50 000 CD3+ CD8+

events were collected and analysed for co-expression of
tetramer- and CD38-staining. To calculate the number of

tetramer-positive cells per 5 ¥ 104 CD3+ CD8+, the number
of tetramer+/CD38+ cells determined by flow cytometry was
divided by the number of cells gated by its co-expression of
CD3 and CD8 antigens. This ratio was then normalized to
5 ¥ 104 CD8+ T cells.

Antibody response

Serum samples from days 0 and 14 were tested simulta-
neously for all viral strains contained in the vaccine with
strain-specific haemagglutination inhibition (HAI), as
described previously [16]. The humoral response was
assessed by calculating the following: geometric mean titres
before and 14 days after vaccine administration; fold
increases in the titre on day 14 after vaccination (i.e. geomet-
ric means of the ratio of the antibody titre after vaccination
to the antibody titre on day 0); seroconversion rate (the
percentage of subjects with a fourfold increase in HAI-
antibody titres 14 days after vaccination as compared with
baseline titres); seroprotection rate (the percentage of
subjects with a titre of at least 1 : 40) before and 14 days
after vaccination; and seroconversion factor (the ratio of the
geometric mean titre before vaccination to the titre 14 days
after vaccination) [24].

(a) HLA-A*0201 positive PTSD patient

(b) HLA-A*0201 positive healthy control
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Fig. 1. Representative dot plots of haemagglutinin (HA)344-353 and HA541-549 tetramer staining. Recently activated (CD38 positive, upper right

quadrant) and resting (CD38 negative, lower right quadrant) number of tetramer positive CD3+ CD8+ cells in peripheral blood in HLA-A*0201+

post-traumatic stress disorder (PTSD) patients (a) before and 14 days after vaccination. The x-axis represents staining with tetramers and the y axis

represents staining with CD38; (b) a similar type of staining in healthy control subjects.
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Statistical analysis

Because of the non-Gaussian distribution and small sample
size, non-parametric statistical analysis was performed and
medians were presented graphically. The number of antigen-
specific T cells before and after vaccination was analysed by
Wilcoxon’s matched-pairs test. Comparison of the number
of influenza-specific T cells in immunized individuals was
performed by Mann–Whitney U-test. All summary statistics
and analyses were performed by means of statistica
version 6 (StatSoft, Inc., Tulsa, OK, USA). Control for mul-
tiple comparisons was made by the false discovery rate
procedure [25] considering the proportion of erroneous
rejections to the total number of rejections, by comparing
individual P-values with 0·05x(i/m), where i is the ascending
rank of particular P-value and m is the total number of
comparisons (12 in this case). The values of P = 005x(i/m)
were considered significant at the 0·05 level.

To test for possible impact of marital status and/or edu-
cation on the vaccination response (both log-transformed
antibody titres and frequency of tetramer positive events),
differences were compared between married and unmarried/
divorced or between subjects who had completed high
school/faculty and those who had completed elementary
school only. After homogeneity of variances (Levene’s test)
and linearity of covariance matrices (Box’s M-test) were
confirmed, data regarding four tested virus types were com-
pared with the Hotelling T2 test [variant of multiple analyses
of variance (manova) for comparing two groups]. The
difference between tetramer positive events for each
virus type on the day zero and 14 was calculated with the
non-parametric Mann–Whitney U-test.

Results

Humoral immune response before and after
vaccination in PTSD patients and healthy controls

There was no significant difference between the prevaccina-
tion titres to any viral strains between controls and PTSD
patients (Table 1). The mean fold increase in titres did
not differ significantly between the groups; the lower sero-
conversion rate in the response of healthy controls to
A/Moscow/H3N2 (33·3) may have been due to the higher
geometric mean antibody titres to this type of influenza A
virus before vaccination (66·5) in comparison to the prevac-
cination titre in PTSD patients (42·2), resulting in a serocon-
version factor increase (2·0) lower than recommended (2·5).
On the other hand, the seroconversion rate to other vaccine
strains was similar and ranged from 33·3% in healthy con-
trols to up to 60·7% in PTSD patients, demonstrating at least
a 2·5-fold increase in geometric mean titre. After vaccina-
tion, the seroprotection rates (defined by an HAI response of
at least 1 : 40) were high and similar between PTSD patients
and controls (60–100%) for all vaccine strains.

Cellular immune response to influenza vaccination in
HLA-A*0201+ PTSD patients

Ex vivo tetramer staining of recently activated CD8+ T lym-
phocytes was used to monitor the T cell response specific for
HLA-A*0201-restricted influenza A haemagglutinin anti-
gens (A/New Caledonia/H1N1, HA344-353, HA541-549) before
and 14 days after vaccination in HLA-A*0201+ subjects
(Fig. 2). PTSD patients (n = 10) had a significantly lower
number (P < 0·05) of HA344-353-specific CTL before vaccina-
tion in comparison to healthy controls (n = 6) (Fig. 2a).

In at least three HLA-A*0201+ healthy controls an increase
of one or both influenza-specific CTL was observed after
vaccination. Six PTSD patients had increased numbers of at
least one population (HA344-353 or HA541-549) of specific CTL
(Fig. 2a,b). Although the magnitude of changes in the
numbers of specific CTLs in PTSD patients was smaller than
in controls, there was no difference in the number of
HA541-549-specific CD8 T cells between PTSD patients and
controls.

In three patients, the fourfold rise of influenza A antibody
titre was accompanied by a two- to fourfold increase of
influenza-specific T cells 14 days after vaccination. One of
the six healthy controls showed the same response 14 days
after vaccination.

Changes in either antibody titre or frequency of antigen-
specific T cells were not recorded in a single patient. In one
patient only the frequency of influenza-specific T cells
increased, whereas three other patients showed only influ-
enza A seroconversion.

The potential effect of current marital status or education
on the influenza vaccination response was also evaluated.
Comparisons of log-transformed antibody titres on days 0
and 14 were carried out among married (n = 16) and
unmarried/divorced (n = 8), or among subjects who com-
pleted high school/faculty (n = 16) and those who completed
only elementary school (n = 8). As the data regarding tet-
ramer measures were available for a limited number of par-
ticipants (n = 10), the influence of education was evaluated
in five patients/group and of marital status in seven married
versus three unmarried patients. No effect of patients’
current marital status or education on the influenza vacci-
nation response to any of the influenza strains present in the
vaccine was observed (data not shown).

Discussion

A possible method to assess the effects of environmental
exposures and a variety of other factors such as sex, genetic
factors, age, psychological stress, nutrition and concomitant
diseases on the immune system is to study the effects on
vaccination responses [26]. In this study, we measured spe-
cific immune responses to influenza vaccination in immu-
nized PTSD patients. Eighty-nine per cent of PTSD patients
had no protective or baseline antibody titre for A/New
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Caledonia/H1N1 before vaccination. The Croatian Institute
of Public Health, which is a WHO-appointed National Influ-
enza Centre, monitors and identifies annually circulating
influenza strains in Croatia. A/New Caledonia/H1N1 was
identified and circulated in Croatia in the 2000/2001 and
2002/2003 seasons. This finding implies that these patients
probably encountered A/New Caledonia/H1N1 antigen for
the first time with vaccination. At the same time, most PTSD
patients showed at least baseline antibody titres for three
other components of the influenza vaccine, which indicated
exposure to those antigens before vaccination. PTSD

patients produced a significant antibody response after influ-
enza vaccination, indicating that low prevaccination anti-
body titres are associated with higher humoral immune
response induced by vaccine. A previous study showed that
subjects vaccinated for the first time had higher response
rates and antibody increase than those previously vaccinated
[27].

Previous studies have demonstrated that chronic stress
can impair the humoral immune response to influenza
vaccination. The subjects tested were older adults (mean
age 68 years) under long-term chronic stressors (carers of

Table 1. Strain-specific haemagglutination inhibition before and after influenza vaccination in post-

traumatic stress disorder (PTSD) patients and healthy controls.*

PTSD patients (n = 28)

value (95% CI)

Healthy controls (n = 15)

value (95% CI)

Geometric mean titre

A/New Caledonia/H1N1

Before vaccination 5·9 (4·1–9·7) 7·2 (3·6–17·1)

After vaccination 41·1 (37·2–105·1) 40·0 (20·2–136·5)

A/Moscow/H3N2

Before vaccination 42·2 (18·4–114·6) 66·5 (44·9–133·8)

After vaccination 119·3 (109·9–247) 132·4 (106·9–195·8)

B/Shangdong/

Before vaccination 17·5 (15·8–30·7) 13·8 (8·7–37·3)

After vaccination 48·2 (44·9–76·6) 38·2 (28·7–72·7)

B/Hong Kong/

Before vaccination 12·1 (9·2–25·4) 12·0 (6·0–34·6)

After vaccination 43·3 (40·8–73·8) 36·5 (26·9–71·7)

Seroconversion rate (%)

A/New Caledonia/H1N1 60·7 (42·5–76·6) 53·3 (30·3–75·4)

A/Moscow/H3N2 53·6 (35·9–70·6) 33·3 (15·1–58·8)

B/Shangdong/ 50·0 (32·7–67·5) 33·3 (15·1–58·8)

B/Hong Kong/ 57·1 (39·2–73·6) 40·0 (19·9–64·6)

Seroconversion factor

A/New Caledonia/H1N1 7·0 (4·4–11·2) 5·5 (2·8–10·7)

A/Moscow/H3N2 2·8 (2·0–3·9) 2·0 (1·3–3·0)

B/Shangdong/ 2·8 (1·9–3·9) 2·8 (1·8–4·3)

B/Hong Kong/ 3·6 (2·6–5·0) 3·0 (1·9–5·0)

Seroprotection rate (%)

A/New Caledonia/H1N1

Before vaccination 10·7 13·0

After vaccination 67·9 60·0

A/Moscow/H3N2

Before vaccination 75·0 93·3

After vaccination 100·0 100·0

B/Shangdong/

Before vaccination 42·9 26·7

After vaccination 75·0 66·7

B/Hong Kong/

Before vaccination 17·9 20·0

After vaccination 71·4 60·0

*Values were compared following the Committee for Proprietary Medicinal Products (CPMP)

guidelines [23]. Prevaccination blood samples were obtained at the time of vaccination, and post-

vaccination samples were obtained after 14 days. CI = confidence interval. The seroconversion factor

is the ratio of the geometric mean titre before and after vaccination.
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spouses with dementia) [3,5,6]. Contrary to these subjects,
PTSD patients generated a humoral immune response after
influenza vaccination. This difference could be explained by
the age difference of PTSD patients in our study, their mean
age being 39 years. Another explanation could be that psy-
choneuroimmune changes associated previously with PTSD

do not influence the humoral immune response following
vaccination. Previously published data have established that
short-term stressors enhance natural immunity to defend
the body in ‘fight-or-flight’ situations. At the same time,
specific cellular immunity is suppressed while humoral
immunity is preserved. However, chronic stress is associated
with global suppression of the immune system, particularly
specific immune functions [28]. One could also argue that
so-called ‘flashbacks’ or episodes of relieving the stressor
in our PTSD patients activated humoral immunity through
the ‘fight or flight’ up-regulatory immune response [1].
The results are inconclusive regarding the impact of PTSD
on cellular immune system. Both suppression [29] and
enhancement [30] of cellular immunity in humans with a
past history of PTSD have been reported. Different cellular
responses in those PTSD patients and our group of PTSD
patients may be explained by the subjects’ age, type of trau-
matic event and time elapsed from exposure to trauma.

With the emergence of new tools, in particular major his-
tocompatibility complex (MHC) class I tetramers loaded
with CD8+ T cell viral antigens, it is now possible to study
virus-specific CD8 populations in humans during different
stages of viral infection and after vaccination. Published data
on humans are inconsistent as to whether subunit vaccines
are capable to elicit physiological CTL responses because
inactivated viruses do not replicate, so antigen processing
and presentation of CD8+ T cell-restrictive antigens are
insufficient [31,32]. However, the only CD8 T cell epitope
investigated so far is the M158-66 epitope contained in influ-
enza matrix protein, which has been described as the immu-
nodominant peptide in naturally infected HLA-A*0201+

donors [18]. Because the major aim of the vaccine is to elicit
a specific immune response towards HA of viral strains con-
tained in the vaccine, one could also argue that analysis of
the CTL response should include analysis of HA-specific
CTLs, as suggested recently by Gianfrani et al. [23]. Two
antigens HA344-353 and HA541-549 in New Caledonia/H1N1-like
strain are immunodominant epitopes contained in the
vaccine and presented by HLA-A*0201 molecules [18]. A
previous study reports that vaccinated humans who demon-
strated neither an antibody- nor a cell-mediated response
had a 25% risk of natural influenza infection, whereas
humans who developed either an antibody response, a cell-
mediated response or both had an approximately 15% risk of
influenza infection [33]. Although PTSD patients had a
lower number of HA344-353-specific CD8+ T cells compared to
healthy controls, six of them responded by a significant
increase in at least one monitored population of HA-specific
CTL. The lack of enhanced HA-specific CD8+ T cell
responses following vaccination in two controls could have
been the result of the high pre-existing number of
HA-specific CD8+ T cells in these subjects, which did not rise
further upon immunization with inactivated influenza
vaccine. A CTL primary response following influenza vacci-
nation is detectable in blood after 6–14 days and reaches
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Fig. 2. Comparison of the number of influenza-specific T cells in

immunized individuals. Number of recently activated CD38+ T cells

specific for A/New Caledonia/H1N1 antigens haemagglutinin

(HA)344-353 (a) and HA541-549 (b) in 50 000 CD3+ CD8+ T cells in

HLA*A0201+ vaccinated post-traumatic stress disorder (PTSD)
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dotted (controls) horizontal bars. The number of antigen-specific T

cells before and after vaccination was analysed by Wilcoxon’s matched

pair test. Comparison of the number of influenza-specific T cells in

immunized individuals was performed by Mann–Whitney U-test.
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peak level on day 14 [34], so we presume that the time-point
for blood collection was appropriate.

The magnitude of the influenza virus-specific CTL
response depends on both HLA-A and -B phenotypes [35]. It
is possible that in addition to the two epitopes examined,
other epitopes, in particular those presented by HLA-B mol-
ecules, contribute to the overall pool of specific CD8 cells
responsible for vaccine-induced protection against influenza
infection.

It has been shown previously that education and marital
status correlates with the severity of PTSD symptoms
[36,37]. Furthermore, a recent study that investigated
whether stressful life events and social support were related
to antibody status following both thymus-dependent and
thymus-independent vaccinations in healthy young adults
showed strain-specific effects for the influenza vaccination
[38]. A potential limitation of the present study was the
relatively small sample size, so our finding that either current
marital status or education showed no effect on the vaccina-
tion response to any of the influenza strains present in the
vaccine should be interpreted with caution.

In conclusion, our findings suggest that most PTSD
patients examined 9 years after war trauma have the ability
to produce protective immunity 2 weeks following influenza
vaccination. Because vaccination responses could be affected
by the type of vaccine as well as the vaccination procedure, it
would be of interest to determine the response of PTSD
patients to other relevant vaccines, including those that elicit
primarily cellular immune responses such as vaccines con-
taining attenuated viruses, utilizing the recent advances in
class I tetramer staining technology.
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