
Hanevik et al. BMC Infectious Diseases 2012, 12:258
http://www.biomedcentral.com/1471-2334/12/258
RESEARCH ARTICLE Open Access
Immunophenotyping in post-giardiasis functional
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Abstract

Background: A Giardia outbreak was associated with development of post-infectious functional gastrointestinal
disorders (PI-FGID) and chronic fatigue syndrome (PI-CFS). Markers of immune dysfunction have given conflicting
results in CFS and FGID patient populations. The aim of this study was to evaluate a wide selection of markers of
immune dysfunction in these two co-occurring post-infectious syndromes.

Methods: 48 patients, reporting chronic fatigue in a questionnaire study, were clinically evaluated five years after
the outbreak and grouped according to Fukuda criteria for CFS (n=19) and idiopathic chronic fatigue (n=5) and
Rome II criteria for FGIDs (n=54). 22 Giardia exposed non-fatigued individuals and 10 healthy unexposed individuals
were recruited as controls. Peripheral blood lymphocyte subsets were analyzed by flow cytometry.

Results: In peripheral blood we found significantly higher CD8 T-cell levels in PI-FGID, and significantly lower
NK-cell levels in PI-CFS patients. Severity of abdominal and fatigue symptoms correlated negatively with NK-cell
levels. A tendency towards lower T-cell CD26 expression in FGID was seen.

Conclusion: Patients with PI-CFS and/or PI-FGID 5 years after Giardia lamblia infection showed alterations in NK-cell
and CD8-cell populations suggesting a possible immunological abnormality in these conditions. We found no
significant changes in other markers examined in this well-defined group of PI-CFS and PI-FGID elicited by a
gastrointestinal infection. Controlling for co-morbid conditions is important in evaluation of CFS-biomarkers.

Keywords: Giardia lamblia, Functional gastrointestinal disorder, Chronic fatigue syndrome, Irritable bowel
syndrome, NK-cells, CD8 T-cells
Background
Infection with the intestinal protozoan parasite Giardia
lamblia is common in developing countries and is often
seen in travelers returning from endemic areas [1]. It is
also a frequent cause of waterborne outbreaks in indus-
trialized countries, but it is generally regarded as an un-
complicated infection for which there is effective
antibiotic treatment. Although long term abdominal
symptoms following acute giardiasis have been observed
by clinicians in individual patients for decades, studies
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on post-giardiasis functional gastrointestinal disorders
(FGID) [2] and chronic fatigue [3] have only recently
been reported after a waterborne outbreak in Bergen in
2004 [4].
FGID are a group of disorders characterized by recur-

ring or chronic gastrointestinal symptoms without an
identifiable disease process [5]. Irritable bowel syndrome
(IBS) and functional dyspepsia (FD) are the best
described FGID. Fatigue is a frequent symptom in FGID
patients [3,6]. One study has found that 14% of IBS
patients also have chronic fatigue syndrome (CFS), while
six studies report that 35-92% of CFS patients also have
IBS [7]. Researchers of FGID as well as CFS [8,9] rarely
control for this co-morbidity, even though they are fo-
cusing on the same pathophysiologic mechanisms, such
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as low grade inflammation, immunological dysfunction,
neuroendocrine dysfunction, sensory hypersensitivity,
sustained stress responses and adverse life events under-
lying the symptomatology. FGID and CFS share the
characteristics of female preponderance, both are diag-
noses relying on symptom criteria alone, and in many
cases the onset is preceded by an acute infection [10].
Many studies have been reported regarding differ-

ences in activation and function in peripheral blood
lymphocyte subsets in CFS. These have given inconsist-
ent results, and are reviewed by Natelson et al., with
some studies finding altered natural killer (NK)-cell
levels and some finding lowered CD4:CD8 ratios, but
most studies find normal T, B and NK cell levels in CFS
[11]. More recent studies have reported a decrease in
the CD56brightCD16- NK-cell subset and increased
CD4CD25FoxP3 regulatory T-cells [12], and CD26
expressed on T-cells and NK-cells (marked with CD2)
has been put forward as a promising biomarker in
CFS [13].
Studies looking at peripheral blood lymphocyte subsets

in FGID have not identified differences in regulatory T-
cells [14] or lymphocyte subsets, but have found increased
levels of B-cells expressing IgG or co-stimulatory mole-
cules CD80 or CD86 and T-cells expressing β7+HLADR+
and CD69+ in IBS-patients compared to controls [15-17].
When the onset of FGID or CFS is associated with an

acute infection, it is often termed post-infectious CFS (PI-
CFS) [18,19] or FGID (PI-FGID) [20] or in the case of IBS,
post-infectious IBS (PI-IBS) [9]. A meta-analysis of PI-IBS
estimates that the risk of having IBS one year after an
acute gastroenteritis is approximately sixfold [21]. Until
recently few studies of FGID and CFS separated between
infection-related onset and a less defined onset in these
disorders.
The immune responses to Giardia infection are

known to include both innate and adaptive compo-
nents [22]. Important roles have been shown for
mast cells and IL-6 [23], as well as for B-cell anti-
body production [24,25]. In mice αβ-TCR-expressing
T-cells are required to control infection [26] and
CD4 T-cell depletion results in chronic infection
[27]. CD8 T-cells seems not to be important for the
control of infection in mice, but contribute to the
giardiasis related intestinal mucosal injury [28]. Beige
mice, which are deficient in NK-cells, have been
shown to clear Giardia infection equally fast as im-
munocompetent mice [29].
The present study, performed in a well-defined group

of patients with clinically observed post-infectious
FGID and CFS after a common eliciting Giardia infec-
tion, was done to evaluate a wide array of lymphocyte
subsets, including many of the previously reported
markers of immune dysfunction in CFS and FGID.
Methods
Study population
In 2007, three years after a Giardia outbreak in Bergen,
Norway, 1252 persons with stool-microscopy confirmed
Giardia infection during the outbreak received a ques-
tionnaire regarding fatigue and abdominal complaints
[3]. Five years after the outbreak, in 2009, 253 persons
reporting chronic fatigue in the previous study received
a mailed invitation, and 53 of these chose to participate
in the present study, see Figure 1. These patients went
through a clinical evaluation and were screened with a
battery of routine blood tests. A total sample size of 50
was required for comparing two groups to obtain statis-
tically significant results with a power of 80% with stan-
dardized effect size of 1 and alpha of 0.01. Due to the
stratification of the patient population through clinical
evaluation and questionnaires, we included the 53
patients willing to participate. The control group of 30
sex and age matched individuals included 22 Giardia
exposed, non-fatigued questionnaire respondents and 10
healthy Giardia unexposed individuals. All were HIV
negative and were not taking immunomodulatory or
antibiotic medications. Written consent was obtained
from the participants. The study was approved by the
Regional Committee for Ethics in Medical Research and
the Norwegian Social Society Data Services in Bergen,
Norway.

Sampling
Patient and control blood samples for exclusion of other
diseases and for the purpose of this study were drawn
once between 08am and 09am after overnight fast and
analyzed in parallel during the same period. Fecal sam-
ples were screened by microscopy and 18S PCR [32] of
feces to rule out chronic giardiasis.

Questionnaires
On the day the blood samples were drawn, both patients
and controls completed a Rome II questionnaire [5] enab-
ling the classification of abdominal symptoms into IBS
and FD or other FGID. An abdominal symptom scoring
form was used to quantify abdominal symptoms [33].
Questions about abdominal complaints before the Giardia
infection enabled identification of post-infectious FGIDs.
To evaluate severity of fatigue, patients and controls also
completed the Fatigue Questionnaire [30], a validated set
of 11 questions addressing different aspects of fatigue.

FGID and fatigue categorization for analysis
Patients and controls were classified according to the
Rome II questionnaire with regard to FGID. Patients
were clinically evaluated once, but in separate consulta-
tions with specialists in internal medicine, psychiatry
and neurology. They were classified as PI-CFS or PI-



Figure 1 Study recruitment base and participants. Participants were recruited based on a mailed questionnaire study regarding fatigue [30]
and abdominal complaints [31] to all individuals with outbreak related laboratory confirmed giardiasis [3]. Five years after the outbreak, patients
who reported chronic fatigue in this questionnaire were invited to participate in a thorough clinical evaluation and screening. Fifty three
individuals agreed to participate. Five patients were excluded from this study after evaluation. Two control groups were recruited; 22 individuals
with normal score (=11) in the questionnaire three years after, and 10 healthy individuals not affected by the outbreak (unexposed controls) and
without particular abdominal symptoms or fatigue.
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idiopathic chronic fatigue (ICF) according to the 1994
Fukuda criteria [34], or as “fatigue other causes” when
most plausibly due to other co-morbidities, or as “fatigue
recovered” for individuals who had fully recovered from
the fatigue (Morch et al., submitted).
Three different categorizations of patients and controls

were formed for the analyses of the relative importance
of CFS and FGID co-morbidity on immunological vari-
ables; a fatigue categorization, a FGID categorization
and a combined categorization (Table 1). In the fatigue
categorization, exploratory analyses of lymphocyte sub-
sets in the small group of patients with PI-ICF (n=5)
showed similarities with the PI-CFS group. The two
groups were therefore analyzed together unless other-
wise clearly stated.
Regarding the FGID categorization, a number of patients’

symptoms did not match either the FD or the IBS criteria.
These would qualify for the less well-defined FGID like
functional bloating, functional diarrhea, functional abdom-
inal pain and unspecified functional bowel disorder. For
simplicity they were termed “other FGID”, and in some
analyses they were grouped together with the IBS and FD
groups forming an “all FGIDs” group. Three individuals
had both FD and IBS and were grouped as IBS in the ana-
lysis. Some exposed non-fatigued controls also had FGID
and were put together with the FGID group in some ana-
lyses. Seven of the participants had FGID-like abdominal
symptoms also before their Giardia infection. In some
analyses these were taken out in order to analyze PI-IBS
and PI-FGID specifically.
In the analyses we also set up a combined categorization

with one group of participants who had both FGID and
CFS/ICF, one group who had FGID only, and one group
with fatigue other cause with or without FGID. These
groups were compared to each other and to healthy con-
trols with neither FGID nor fatigue.

Lymphocyte quantification
Lymphocyte subpopulation quantification was per-
formed using the BD Multitest 6-color TBNK kit with
BD Trucount Tubes for relative and absolute concentra-
tion determination (BD Biosciences, San Jose, CA, USA).
The samples were prepared according to the manufac-
turer’s instructions and analyzed on a BD Canto II flow
cytometer (BD Biosciences).

PBMC acquisition and immunophenotyping
Peripheral blood mononuclear cells (PBMC) were iso-
lated by density gradient separation from BD Vacutainer
Na-citrate CPT tubes (BD, Franklin Lakes, NJ, USA).
After harvesting, the PBMC were washed twice in PBS
and cell suspensions (50μl) were stained 30 minutes in
the dark using combinations of the following optimally
titrated fluorescent dye-conjugated antibodies anti-
CD8a-FITC, anti-CD27-FITC, anti-CD26-PE, anti-β7-
PE, anti-CD45RO-PE, anti-CD4-PerCP-Cy5.5, anti-



Table 1 Sex ratio and mean age in the different clinical groups after allocation of patients and controls according to
Rome II FGID groups [5] and Fukuda CDC criteria [34] for the three analysis categorizations used in the present study

Breakdown into recruited groups

Age (mean (SD)) Females
(%)

Total
participants,
n

Exposed patients,
fatigue at
3 years, n

Exposed controls,
no fatigue at
3 years, n

Unexposed,
healthy
controls, n

Fatigue categorization

no-fatigue 40.9 (11.7) 72 32 0 22 10

CFS 45.5 (9.1) 79 19 19 0 0

ICF 37.8 (8.9) 80 5 5 0 0

Fatigue other cause 45.5 (15.2) 100 12 12 0 0

Fatigue recovered 36.0 (9.6) 58 12 12 0 0

FGID categorization

no-FGID 41.8 (13.2) 78 26 5 11 10

All FGID 41.4 (10.8) 76 54 43 11 0

PI-FGID 40.8 (10.2) 76 45 36 9 0

IBS 41.7 (10.4) 80 30 27 3 0

PI-IBS 40.4 (10.4) 79 24 22 2 0

Other FGID 41.1 (11.5) 71 24 16 8 0

Combined categorization

no-FGID/no-fatigue 39.9 (12.5) 74 23 2 11 10

FGID&CFS/ICF 44.3 (9.4) 78 23 23 0 0

CFS, no-FGID 35.0 100 1 1 0 0

FGID, no-fatigue 39.1 (10.1) 62 21 10 11 0

Fatigue other cause w/wo FGID 45.5 (11.5) 100 12 12 0 0

Abbreviations: CFS: chronic fatigue syndrome, FGID: functional gastrointestinal disorder, ICF: idiopathic chronic fatigue, IBS: irritable bowel syndrome,
PI: post-infectious.
Subgroups of interest within each group are indicated by indents.
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CD56-PerCP-Cy5.5, anti-CD19-PE/Cy-7, anti-CD45RA-
PerCP-Cy5.5, anti-HLADR-PE/Cy7, anti-CD25-PE/Cy7
(BioLegend, SanDiego, CA, USA), anti-CD3-ECD
(Beckman Coulter, Brea, CA, USA) and anti-CD127-
PerCP-Cy5.5 (eBioScience, SanDiego, CA, USA). Appro-
priate isotype controls from the same manufacturer were
used at equal concentrations. After staining, cells were
washed once, resuspended in PBS-paraformaldehyde so-
lution (1%) and analyzed the same day using a Beckman
Coulter Cytomics FC 500 MPL flow cytometer. In a typ-
ical acquisition 7 × 104 lymphocytes (min 2.3 × 104, max
1.7 × 105) were collected. The collected data were ana-
lyzed with FlowJo 7.6 software (Tree Star Inc, Ashland,
OR, USA).

Statistical analysis
Unless otherwise stated, the data are presented as mean
(standard deviation (SD)). Chi-squared tests were used for
categorical comparisons between groups. Lymphocyte
subset data and stimulation indices were analyzed using
the Kruskal-Wallis test for all groups within each
categorization and then Mann Whitney U test to compare
two groups. The General Linear Model was used for
multivariate analyses of possible interactions and con-
founding factors like sex and age on lymphocyte subset
levels and for correlations between these and symptom
scores. Due to multiple comparisons in lymphocyte subset
analyses and a high number of variables, we chose a nom-
inal significance level of 0.01. PASW 18 (SPSS Inc, Chicago,
Ill, USA) was used for statistical analysis.

Results
Data from 48 patients (mean age 42.3 years (11.5)
range19-68, females 79%), 22 exposed controls (mean
age 39.8 (10.5) range 26–66, females 73%) and 10 unex-
posed controls (mean age 43.3 (14.3) range 22–63,
females 76%) were analyzed in this study. All partici-
pated in lymphocyte quantification, but for logistical rea-
sons not all patients and controls had all immunological
tests done, numbers given in Figure 1. The numbers of
patients and controls allocated into the fatigue, FGID
and combined categorizations are shown in Table 1.
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There were no significant differences in age and male/fe-
male distributions between the groups in each
categorization.

Lymphocyte quantification
Peripheral blood lymphocyte subset results for the three
analysis categorizations are shown in Table 2. We found
the CD4:CD8 ratio to be reduced and the CD8 T-cell
percentage to be increased in the FGID groups com-
pared to the no-FGID control group. The same pattern
was seen in the combined categorization, with elevated
CD8 T-cell percentages and concentrations in both the
group with FGID&CFS/ICF and the FGID, no-fatigue
group.
As has been reported by others [35,36] the NK-cell per-

centage measurements were significantly affected by sex,
with men having higher levels than women (p=0.006).
NK-cell levels also increased with increasing age (p=0.033).
Correcting for this using multivariate analysis showed that
PI-CFS/ICF patients had a lower percentage of NK-cells
than the no-fatigue controls (p=0.005) when analyzing
within the fatigue categorization. Also in the combined
categorization the FGID&CFS/ICF patient group had lower
percentage (p=0.006) and concentration (p=0.045) of
NK-cells. The percentage and concentrations of CD3 and
Table 2 Peripheral blood lymphocyte quantification

CD4:CD8
ratio

CD3CD4
(%)

CD3CD4
106

cells/L

no-fatigue controls
(n = 32)

2.43 (0.97) 51.1 (8.2) 990 (376)

PI-CFS/ICF (n=24) 2.05 (0.76) 50.5 (7.0) 939 (366)

PI-CFS (n = 19) 2.01 (0.77) 50.3 (6.9) 912 (296)

Fatigue other cause
(n=12)

2.37 (1.14) 51.9 (8.1) 1132 (543)

Fatigue recovered
(n=12)

1.80 (0.82)* 46.1 (10.3) 834 (318)

no-FGID (n=26) 2.74 (1.06) 53.3 (8.6) 1008 (363)

All FGID (n=54) 1.96 (0.75)** 48.9 (7.7)* 958 (415)

PI-FGID (n=45) 2.00 (0.78)** 49.2 (7.9)* 949 (418)

PI-IBS (n=23) 1.97 (0.91)** 49.5 (8.8) 988 (463)

no-FGID/no-fatigue
controls (n=23)

2.65 (1.05) 52.4 (8.8) 974 (380)

FGID&CFS/ICF
(n=23)

2.01 (0.75)* 50.2 (7.0) 923 (366)

FGID, no fatigue
(n=21)

1.82 (0.65)** 46.9 (8.5)* 924 (356)

Fatigue other cause
w/wo FGID (n=12)

2.37 (1.14) 51.9 (8.1) 1133 (543)

* p < 0.05 level compared to the control group (in italics) in each categorization.
** Significant at p<0.01 level compared to the control group (in italics) in its catego
*** Significant at p<0.001 level compared to the control group (in italics) in its cate
CD4:CD8 T-cells ratio, CD4 and CD8 T-cell subsets, CD16CD56 natural killer cells per
subgroups. All values are given as mean (SD). Data for the subgroups of PI-CFS, PI-F
CD4 T-cells and CD19 B-cells were similar in all groups
tested.
A significant correlation was found between the fa-

tigue scores and abdominal symptom scores (R=0.421,
p<0.001). NK-cell percentage correlated significantly
with both fatigue scores (p=0.003) and with abdominal
symptom scores (p=0.003) (Figure 2) and so did NK-cell
concentrations with p=0.01 and p=0.009, respectively.
Levels of CD8 T-cells did not show any correlation with
symptoms.

Immunophenotyping
CD4 and CD8 T-cells were analyzed for expression of
activation markers HLA-DR, CD25, CD26, and CD27
and CD45RO. CD56+ NK-cells were analyzed for
CD26. CD19+ B-cells were analyzed for activation mar-
kers CD25, CD26 and CD27. Additionally, we analyzed
percentage of gut-homing integrin β7 positive T-cells,
B-cells and CD4+CD25++CD127neg T-regulatory cells.
The percentage of CD26 positive CD3 T-cells in the “all

FGID” group (78.5%(9.4)) was insignificantly decreased
compared to the control group without FGID (83.4%(6.4))
in multivariate analysis (p=0.036). We did not find any sig-
nificant differences along the FGID or CFS categorizations
regarding the percentage of CD56dim or CD56bright NK-
CD3CD8
(%)

CD3CD8
106

cells/L

CD16CD56
(%)

CD16CD56
106

cells/L

22.9 (5.5) 440 (198) 11.7 (6.7) 210 (99)

27.0 (7.0) 497 (207) 7.5 (3.5)** 130 (54)**

27.5 (7.0)* 497 (200) 8.0 (3.6)* 138 (55)**

26.1 (10.4) 635 (531) 8.7 (4.6) 186 (139)

28.8 (9.1)* 545 (225) 10.6 (9.0) 203 (188)

21.1 (5.4) 394 (167) 11.3 (7.1) 192 (80)

27.6 (7.6)*** 555 (311)** 9.1 (5.6) 176 (129)

27.1 (7.35)** 537 (313)* 8.8 (5.4) 169 (122)

28.2 (7.1)** 592 (376)* 8.1 (5.0)* 157 (111)

21.5 (5.5) 389 (171) 11.8 (7.6) 194 (86)

27.3 (6.9)** 500 (211) 7.4 (3.5)** 127 (53)*

27.9 (7.3)** 548 (214)** 11.0 (7.0) 223 (156)

26.1 (10.4) 635 (531) 8.7 (4.6) 186 (140)

rization.
gorization.
centages and concentrations by analysis categorizations and relevant
GID and PI-IBS are also given (indented).



Figure 2 NK-cell levels and symptoms correlations. Correlation plots between the percentage of peripheral blood CD16CD56 NK-cells and
fatigue symptom score (A) as recorded by the fatigue questionnaire [30] and total abdominal symptoms score (B) (including the six symptoms
nausea, early satiety, bloating, abdominal pain, constipation and diarrhoea, where patients graded their symptoms on an ordinal scale from 0 to
10 with 0 = no symptoms and 10 = severe symptoms).
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cells or for CD26 positive subpopulations of these NK-cell
subsets. Nor did we find any significant differences be-
tween groups for activation markers and memory markers
in T-cells, B-cells or in the percentage of gut-homing integ-
rin β7 positive T-cells and B-cells or CD4+CD25++CD127-

Treg cells (data not shown).
Discussion
In this study we classified patients and controls with FGID
according to Rome II criteria and by the Fukuda CDC cri-
teria for CFS and ICF regarding fatigue. A wide range of
peripheral blood lymphocyte subsets reported to be altered
in CFS and FGID were analyzed.
CD8 T-cells and CD4:CD8 ratio
Searching the literature regarding CD4 and CD8 T-cell
subsets in FGID we found two studies which did not find
differences in these T-cell subsets [15,16] and two studies
with lowered CD4/CD8 ratio in IBS patients; one due to
high total CD8 cells [37] and one due to low CD4 cells
[38]. While CD4 and CD8 T-cell numbers and percentages
may fluctuate considerably within an individual over time,
the CD4:CD8 ratio is found to be relatively stable [39]. We
found the CD4:CD8 ratio to be low due to increased CD8
T-cell numbers in our PI-FGID study population. Similar
peripheral blood T-cell patterns are reported in patients
suffering from a number of viral diseases like mononucle-
osis, dengue, RSV and cytomegalovirus infection and herpes
simplex recrudescence as well as in chronic toxoplasmosis
infection [39,40]. A low grade ongoing immune response
against reactivated viruses is a hypothesis of CFS morbidity
[41].
Without controlling for FGID co-morbidity, and in-

cluding the small group of patients recovered from fa-
tigue, the elevated CD8 levels might be interpreted as
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supportive of this hypothesis. Due to the categorization
of the co-morbidity, the elevated CD8 level was seen to
be a feature of PI-FGID, rather than PI-CFS. Whether
the finding is a cause or effect of the Giardia induced
FGID needs further exploration.
CD8-T-cells have been shown to be responsible for the

mucosal injury and temporary loss of disaccharidase ac-
tivity in acute giardiasis [28]. Our finding of elevated
CD8 T-cell levels in post-giardiasis FGID patients may
indicate an association between the mucosal injury dur-
ing the acute infection and the observed prolonged
syndromes.

NK-cells in FGID and CFS
NK-cells do not seem to play a role in clearing acute
Giardia infection [29]. No previous study has evaluated
their possible role in post-giardiasis IBS or CFS. Two stud-
ies in general IBS populations found peripheral blood
CD56+ NK-cells levels to be similar to healthy controls
[16,42]. A post-prandial decrease in NK-cells in IBS patients
relative to controls has also been described [43].
The majority of studies of NK-cells in heterogeneous

CFS populations have not found differences in NK-cell
levels [11,12]. However, two studies have found signifi-
cantly reduced NK-cell levels in both PI-CFS and non-PI-
CFS patients [19,44]. One small study has shown NK-cell
levels to return to normal after successful recovery in the
PI-CFS group [45].
In our study, fatigue scores correlated with NK-cell

levels, and the patients who had recovered from chronic
fatigue showed NK-cell levels comparable to the non-
fatigue control group. These data suggest that decreased
NK-cell levels are associated with ongoing fatigue in
post-giardiasis PI-CFS. As we also found NK-cell levels
to be correlated with abdominal symptom scores, an al-
ternative explanation might be that NK-cell levels play a
role in sensitization or interpretation of sensory stimuli.

Activation markers and subsets
We could not replicate the elevated levels of CD26 expres-
sion in T and NK-cells as a robust marker of CFS reported
by Fletcher et al. [13]. Instead, there was a tendency to-
wards lower CD26+ T-cells in FGID patients.
A study in CFS patients recently reported higher levels

of CD4+CD25++FoxP3+ cells [12]. We found no difference
in regulatory T-cells with regard to fatigue categorization
as measured by CD4+CD25++CD127- cells, and also not
with regard to FGID categorization. Also a previous study
regarding regulatory T-cells in FGID patients did not find
any such difference [14].

Cautionary remarks
NK-cell levels are influenced by sleep and depression [46].
We did not control for poor sleep, but no patients in the
CFS/ICF group had clinical depression. NK-cells are also
known to fluctuate considerably with exercise, but the
resting immune function evaluated in this study, is not
very different in athletes compared to non-athletes [47].
The cytotoxic activity of NK-cell has been more consist-
ently found decreased in CFS studies, but may be a by-
stander effect as it has been shown to be decreased in
chronic stress like unemployment, while NK-cell concen-
tration was not [48].
Out of the 253 invited persons, 53 consented to partici-

pate. We believe the main reason for the low participation
rate was that the basis for invitation to participate was fa-
tigue score at two years previously and that many had
recovered during this time span. Another reason may be
that the study logistics with five appointments for clinical
evaluations and testing was too demanding for some.
However, a chance for bias regarding increased health
seeking behavior in the participants cannot be excluded.
Also, we cannot fully exclude the contribution of an add-
itional viral trigger in the development or perpetuation of
fatigue symptoms.
Conclusions
In the patients who developed PI-FGID and PI-CFS after
giardiasis, we found significantly increased CD8 T-cell
levels in patients with FGID and reduced levels of NK-cells
in CFS patients. There was a positive correlation between
fatigue scores and abdominal symptom scores in the study
population, and the severity of these symptom scores corre-
lated negatively with NK-cell levels. The findings suggest an
immunological abnormality in these patients and the po-
tential and relative importance of NK-cells and CD8 T-cells
in the co-morbid conditions FGID and CFS should be fur-
ther explored.

Abbreviations
CFS: Chronic fatigue syndrome; FD: Functional dyspepsia; FGID: Functional
gastrointestinal disorder; GLM: General linear model; ICF: Idiopathic chronic
fatigue; IBS: Irritable bowel syndrome; NK: Natural killer; PI: Post-infectious.

Competing interests
The authors declare that they have no competing interests. This work was
supported by The Western Norway Regional Health Authority and the
University of Bergen. Data were analyzed and evaluated independently by
the authors, without any interference from the funding institution.

Authors’ contributions
Clinical evaluation of patients was done by KM, HN, ACR, and JEB. Additional
data collection and analyses were performed by KH and KM. Laboratory
work and flow-cytometry analyses were done by KH, EK, and SS. NL
supervised all parts of the study. TH assisted in planning and all authors
assisted in preparation of the manuscript. All authors read and approved the
final manuscript.

Acknowledgements
We want to thank the staff at the hospital clinical routine laboratory, the
study participants, Geir Egil Eide for assistance in biostatistics, and also Bjarte
Stubhaug, Marita Wallevik, Lena Katrin Haugseth, Marit Gjerde Tellevik, Cecilie



Hanevik et al. BMC Infectious Diseases 2012, 12:258 Page 8 of 9
http://www.biomedcentral.com/1471-2334/12/258
Isachsen, Christel Gill Haanshuus, Harald Inge Nyland, and Knut-Arne
Wensaas for their cooperation, advice and assistance in this project.

Author details
1Institute of Medicine, University of Bergen, Bergen N-5021, Norway. 2Centre
for Tropical Infectious Diseases, Haukeland University Hospital, Bergen
N-5021, Norway. 3Department of Immunology and Transfusion Medicine,
Haukeland University Hospital, Bergen, Norway. 4The Gade Institute,
University of Bergen, Bergen, Norway. 5Department of Neurology, Haukeland
University Hospital, Bergen, Norway. 6Division of Psychiatry, Haukeland
University Hospital, Bergen, Norway. 7Division of Psychiatry, Haukeland
University Hospital, Bergen, Norway.

Received: 30 December 2011 Accepted: 11 October 2012
Published: 14 October 2012

References
1. Okhuysen PC: Traveler's diarrhea due to intestinal protozoa. Clin Infect Dis

2001, 33:110–114.
2. Hanevik K, Dizdar V, Langeland N, Hausken T: Development of functional

gastrointestinal disorders after giardia lamblia infection. BMC
Gastroenterol 2009, 9:27.

3. Wensaas KA, Langeland N, Hanevik K, Morch K, Eide GE, Rortveit G: Irritable
bowel syndrome and chronic fatigue 3 years after acute giardiasis:
historic cohort study. Gut 2012, 61:214–219.

4. Nygard K, Schimmer B, Sobstad O, Walde AK, Tveit I, Langeland N, et al:
A large community outbreak of waterborne giardiasis- delayed detection
in a non-endemic urban area. BMC Public Health 2006, 6:141.

5. Thompson WG, Longstreth GF, Drossman DA, Heaton KW, Irvine EJ,
Muller-Lissner SA: Functional bowel disorders and functional abdominal
pain. Gut 1999, 45(Suppl 2):II43–II47.

6. Simren M, Svedlund J, Posserud I, Bjornsson ES, Abrahamsson H: Predictors
of subjective fatigue in chronic gastrointestinal disease.
Aliment Pharmacol Ther 2008, 28:638–647.

7. Whitehead WE, Palsson O, Jones KR: Systematic review of the comorbidity
of irritable bowel syndrome with other disorders: what are the causes
and implications? Gastroenterology 2002, 122:1140–1156.

8. Devanur LD, Kerr JR: Chronic fatigue syndrome. J Clin Virol 2006,
37:139–150.

9. Spiller R, Garsed K: Postinfectious irritable bowel syndrome.
Gastroenterology 2009, 136:1979–1988.

10. Hickie I, Davenport T, Wakefield D, Vollmer-Conna U, Cameron B, Vernon
SD, et al: Post-infective and chronic fatigue syndromes precipitated by
viral and non-viral pathogens: prospective cohort study. BMJ 2006,
333:575.

11. Natelson BH, Haghighi MH, Ponzio NM: Evidence for the presence of
immune dysfunction in chronic fatigue syndrome. Clin Diagn Lab
Immunol 2002, 9:747–752.

12. Brenu EW, van Driel ML, Staines DR, Ashton KJ, Ramos SB, Keane J, et al:
Immunological abnormalities as potential biomarkers in chronic fatigue
syndrome/myalgic encephalomyelitis. J Transl Med 2011, 9:81.

13. Fletcher MA, Zeng XR, Maher K, Levis S, Hurwitz B, Antoni M, et al:
Biomarkers in chronic fatigue syndrome: evaluation of natural killer cell
function and dipeptidyl peptidase IV/CD26. PLoS One 2010, 5:e10817.

14. Holmen N, Isaksson S, Simren M, Sjovall H, Ohman L: CD4+CD25+
regulatory T cells in irritable bowel syndrome patients.
Neurogastroenterol Motil 2007, 19:119–125.

15. Ohman L, Isaksson S, Lindmark AC, Posserud I, Stotzer PO, Strid H, et al:
T-cell activation in patients with irritable bowel syndrome.
Am J Gastroenterol 2009, 104:1205–1212.

16. Kindt S, Van OL, Broekaert D, Kasran A, Ceuppens JL, Bossuyt X, et al:
Immune dysfunction in patients with functional gastrointestinal
disorders. Neurogastroenterol Motil 2009, 21:389–398.

17. Ohman L, Lindmark AC, Isaksson S, Posserud I, Strid H, Sjovall H, et al: B-cell
activation in patients with irritable bowel syndrome (IBS).
Neurogastroenterol Motil 2009, 21:644–650. e27.

18. Gow JW, Hagan S, Herzyk P, Cannon C, Behan PO, Chaudhuri A: A gene
signature for post-infectious chronic fatigue syndrome. BMC Med
Genomics 2009, 2:38.

19. Masuda A, Munemoto T, Yamanaka T, Takei M, Tei C: Psychosocial
characteristics and immunological functions in patients with
postinfectious chronic fatigue syndrome and noninfectious chronic
fatigue syndrome. J Behav Med 2002, 25:477–485.

20. Mearin F: Postinfectious functional gastrointestinal disorders. J Clin
Gastroenterol 2011, 45:S102–S105. Proceedings from the Pan-European
Conference on Irritable Bowel Syndrome December 10, 2010 Vienna,
Austria.

21. Thabane M, Kottachchi DT, Marshall JK: Systematic review and meta-
analysis: the incidence and prognosis of post-infectious irritable bowel
syndrome. Aliment Pharmacol Ther 2007, 26:535–544.

22. Faubert G: Immune response to giardia duodenalis. Clin Microbiol Rev
2000, 13:35–54.

23. Li E, Zhou P, Petrin Z, Singer SM: Mast cell-dependent control of giardia
lamblia infections in mice. Infect Immun 2004, 72:6642–6649.

24. Langford TD, Housley MP, Boes M, Chen JZ, Kagnoff MF, Gillin FD, et al:
Central importance of immunoglobulin a in host defense against giardia
spp. Infect Immun 2002, 70:11–18.

25. Palm JE, Weiland ME, Griffiths WJ, Ljungstrom I, Svard SG: Identification of
immunoreactive proteins during acute human giardiasis. J Infect Dis 2003,
187:1849–1859.

26. Singer SM, Nash TE: T-cell-dependent control of acute giardia lamblia
infections in mice. Infect Immun 2000, 68:170–175.

27. Heyworth MF, Carlson JR, Ermak TH: Clearance of giardia muris infection
requires helper/inducer T lymphocytes. J Exp Med 1987,
165:1743–1748.

28. Scott KG, Yu LC, Buret AG: Role of CD8+ and CD4+ T lymphocytes in
jejunal mucosal injury during murine giardiasis. Infect Immun 2004,
72:3536–3542.

29. Heyworth MF, Kung JE, Eriksson EC: Clearance of Giardia muris
infection in mice deficient in natural killer cells. Infect Immun 1986,
54:903–904.

30. Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely S, Wright D, et al:
Development of a fatigue scale. J Psychosom Res 1993,
37:147–153.

31. Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F, Spiller RC:
Functional bowel disorders. Gastroenterology 2006, 130:1480–1491.

32. Verweij JJ, Schinkel J, Laeijendecker D, Van Rooyen MA, Van LL, Polderman
AM: Real-time PCR for the detection of giardia lamblia. Mol Cell Probes
2003, 17:223–225.

33. Kane SV, Sandborn WJ, Rufo PA, Zholudev A, Boone J, Lyerly D, et al: Fecal
lactoferrin is a sensitive and specific marker in identifying intestinal
inflammation. Am J Gastroenterol 2003, 98:1309–1314.

34. Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A: The
chronic fatigue syndrome: a comprehensive approach to its definition
and study. International chronic fatigue syndrome study group.
Ann Intern Med 1994, 121:953–959.

35. Borrego F, Alonso MC, Galiani MD, Carracedo J, Ramirez R, Ostos B, et al:
NK phenotypic markers and IL2 response in NK cells from elderly
people. Exp Gerontol 1999, 34:253–265.

36. Giglio T, Imro MA, Filaci G, Scudeletti M, Puppo F, De CL, et al: Immune cell
circulating subsets are affected by gonadal function. Life Sci 1994,
54:1305–1312.

37. Linghu EQ, Yang YS: Analysis of peripheral blood lymphocytes subgroup
in irritable bowel syndrome. Chin J Dig 2002, 22:423–425.

38. Jin HB, Gu ZY, Zhao HW, Wang QY, Wu W, Li YM: T lymphocyte subgroups
and serum levels of trace elements in patients with diarrhea type of
irritable bowel syndrome. Zhejiang Da Xue Xue Bao Yi Xue Ban 2008,
37:634–637.

39. Laurence J: T-cell subsets in health, infectious disease, and idiopathic
CD4+ T lymphocytopenia. Ann Intern Med 1993, 119:55–62.

40. Liu CC, Huang KJ, Lin YS, Yeh TM, Liu HS, Lei HY: Transient CD4/CD8 ratio
inversion and aberrant immune activation during dengue virus infection.
J Med Virol 2002, 68:241–252.

41. Ablashi DV: Viral studies of chronic fatigue syndrome. Clin Infect Dis 1994,
18(Suppl 1):S130–S133.

42. Motzer SA, Jarrett M, Heitkemper MM, Tsuji J: Natural killer cell function
and psychological distress in women with and without irritable bowel
syndrome. Biol Res Nurs 2002, 4:31–42.

43. Elsenbruch S, Holtmann G, Oezcan D, Lysson A, Janssen O, Goebel MU,
et al: Are there alterations of neuroendocrine and cellular immune
responses to nutrients in women with irritable bowel syndrome?
Am J Gastroenterol 2004, 99:703–710.



Hanevik et al. BMC Infectious Diseases 2012, 12:258 Page 9 of 9
http://www.biomedcentral.com/1471-2334/12/258
44. Racciatti D, Dalessandro M, Delle DL, Falasca K, Zingariello P, Paganelli R,
et al: Study of immune alterations in patients with chronic fatigue
syndrome with different etiologies. Int J Immunopathol Pharmacol 2004,
17:57–62.

45. Masuda A, Nakayama T, Yamanaka T, Koga Y, Tei C: The prognosis after
multidisciplinary treatment for patients with postinfectious chronic
fatigue syndrome and noninfectious chronic fatigue syndrome.
J Behav Med 2002, 25:487–497.

46. Irwin M, Lacher U, Caldwell C: Depression and reduced natural killer
cytotoxicity: a longitudinal study of depressed patients and control
subjects. Psychol Med 1992, 22:1045–1050.

47. Gleeson M, Bishop NC: The T cell and NK cell immune response to
exercise. Ann Transplant 2005, 10:43–48.

48. Cohen F, Kemeny ME, Zegans LS, Johnson P, Kearney KA, Stites DP:
Immune function declines with unemployment and recovers after
stressor termination. Psychosom Med 2007, 69:225–234.

doi:10.1186/1471-2334-12-258
Cite this article as: Hanevik et al.: Immunophenotyping in post-giardiasis
functional gastrointestinal disease and chronic fatigue syndrome. BMC
Infectious Diseases 2012 12:258.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	Sampling
	Questionnaires
	FGID and fatigue categorization for analysis
	Lymphocyte quantification
	PBMC acquisition and immunophenotyping
	Statistical analysis

	Results
	Lymphocyte quantification
	Immunophenotyping

	Discussion
	CD8 T-cells and CD4:CD8 ratio
	NK-cells in FGID and CFS
	Activation markers and subsets
	Cautionary remarks

	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


