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Summary

A high incidence of severe B-cell
immunodeficiency and chronic reactiv-
ated Epstein-Barr virus (KBV) infection
in patients with chronic fatigue syn-
drome (CFS) is reported herein. Of the
58 patients evaluated, 100 % had cvi-
dence of prior EBV exposure and 72 %
had cvidence for reactivated EBV infec-
tion. Notably, 94 % of CFS patients had
B-cell immunoedeticiency with a marked
depletion of their CD1Y'1gM* mature B-
lymphacyte population. A remarkable

81 % of CFS patients experienced subject-

ive improvement of their symptoms after

Zusammenfassung

treatiment with folinic acid (CAS 58-05-9,
lencovorin). The findings provide unpre-
cedented evidence that CFS frequently is
a fulinic acld responsive clinical entity ac-
companied by B-cell immunaodeficiency
and inappropriate antibody responses to
FRV.

Klinische Wirkung von Folinsiiure bei
Paticnten mit chronischem Miidigkeits-
syndrom

Es wird iiber eine hohe Inzidenz
schwerer Immuninsuffizienz der B-Zeli-

Reihe suwie chranischer Infektion mit re-

aktivertem Epstein-Barr-Virus (EBV) hef
Patienten mit chronischem Miidigkeits-
syndrom (chronic fatigue syndrome,
CFS} berichtet. Vou den 58 untersuchten

Patienten waren 100 % friither mit EBV in-

fiziert, und hei 72 % lag ¢in Labornach-
weis fiir einc reaktivicrte ERV-Infektion
vor. 94 % der CFS-Patienten wiesen eine

B-Zellimmuninsuffizienz auf mit deutlich

erniedrigien CD19°1gM" reifen B-Lym-
phozyten. Bei 81 % der Patienten fiihrte
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die Rehandlung mit Folinsdure {CAS 58-
05-9, Loucovorin) zu viner subjektiven
Verbesserung ihrer Symiptome. Diese Be-
funde deuten darauf hin, da8 es sich
beim CES um ein auf Folinsiure anspre-
chendes klinisches Bild handelt, bel dem
B-Zell-immuninsuffizienz und mangel-
haftes Antikdrperansprechen auf EBV
hijufly vorkommen.
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1. Introduction

Chronic fatigue syndrame (CFS) as defined by the dia-
gnostic criteria developed by the US Centers for Disease
Control and Prevention (CDC, Adanta, GA. USA) has a
prevalence of 0.1 %-0.3 % in the United States and af-
fects mostly women between 25-45 years of age [1-10].
Patients with CES have clinically evaluated. unex-
plained. persistent or relapsing fatigue plus four or
more specifically defined associated symptoms {1-10}.
There is a considerable overlap between the presenting
features of CFS and fibromyalgia {7, 8. 11]. The patho-
genesis of CFS has not yet heen deciphered and no
treatments have been reported to effectively alleviate
the frequently debilitating fatigue and postexertinnal
malaise of the affected patients [12-15]. Reports of clus-
ters and outbreaks of CIS, including the 1934 [A
County Hospital outbreak, 1955 London Royal Free
Hospital outbreak. and 1985 Nevada Incline Village out-
break, promptcd speculations of a potential infectious
cause {16-22]. Epstein-Barr virus (EBV) was proposed
in the mid-1980s as a likely etiologic viral agent for CF5;
however, later observations in small series of patients
raised questions about the accuracy of the proposed
causal relationship between EBV infection and CFS
123-25,.

Tmmunoglobulin M (IgM) and G {1gG) antibodies di-
rected against the Epstein-Barr viral capsid antigen
(VCA) are usually present at the onset of clinical illness
during an acute EBV infection because of the long viral
incubation period. Since the IgM VCA antibodies wane
within 3 months, their presence is highly suggestive of
an acute EBV infection. By comparison. I1gG antibodies
10 early antigen (EA) are present at the onset of clinical
illness and serve as a marker for acute new or reactiv-
ated EBV infection. In contrast, the 1gG VCA antibodies
persist for life and serve as a marker of prior EBV intec-
tion. IgG antibodies to EBV nuclear antigen (EBNA) ap-
pear 6 to 12 weeks after the onset of symptoms and
persist throughout life: their presence early in the
course of illness excludes acute infection. On the other
hand, the appearance of EBNA antibodies in a patient
who was previously VCA positive and EBNA negative is
highly suggestive of recent EBV infection. Thus, while
the presence of IgM VCA antibodies suggests the likely
presence of acute ERV infeclion. the diagnosis is most
certain in the presence of IgG and IgM VCA and the
absence of IgG EBNA antibodies. EBV infections were
associated with CFS but the causce of EBV infections in
this patient population has not been studied. CEFS
patients were found to have inappropriate antibody re-
sponses to EBV suggestive of functional defects in their
immune system [23-25].

Recent studies indicate that CF$ is a central nervous
system fatigue disorder [26]. CFS mimicks in many as-
pects the fatigue experienced by patients with cancer
or inflammatory disorders treated with anti-folates (co-
trimoxazole, methotrexate, pemetrexed). 'The folic acid
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analogues methotrexate used for treatment of cancer
{such as acute lymphoblastic leukemia) as well as in-
Mammatory disorders (such as rheumatoid arthritis)
and pemetrexed used for treatment of cancer (such as
non small cell lung cancer and mesethelioma) which
bind to dihydrofulate reductase and prevent the syn-
thesis of tetrahydrofolate as well as co-trimoxazole
which causes sequential inhibition of folic acid syn-
thesis by sulfamethoxazole and then by trimethoprim
causc fatigue mimicking CI'S (27).

Jacobson et al. |28} assaycd serum folate levels in 60
patients with CFS and reported a high prevalence of
severe folate deficiency even though they did not use
more sensitive methods for detection of folate defi-
ciency such as formiminoglutamic acid excretion test
or deoxvuridine suppression test {28, 29]. Folaic metab-
olism plays a central role in human lymphocyte devel-
opment and function {30-33). It is therefore plausible
that the inappropriate untibody responses of CFS
paticnts are in part owing to an underlying folate defi-
ciency.

A high incidence of severe B cell immunodeficiency
and chronic reactivated EBV infection in patients with
CFS is reported hercin. Also reported is that a signifi-
cant portion of these patients benefit from treatment
with folinic acid {CAS 58-05-9), which shows that CFS
frequently is a folinic acid responsive clinical entity ac-
companied by B cell immunadeficiency and inappro-
priate antibody responses to EBV.

2. Patients and methods
2.1. CFS Patients

Fifty-cight (58) patients with CFS were evaluated. Patient data
are summarized in Table 1. Most patients (90 %) were women.
The patients ranged in age from 19 fo 64 vears (median. 45
years). Twenly-six patients (45 %) had CFS or CFS plus fibro-
myalgia (FM} without ather major co-morbidities. The co-mor-
bidilies of the remainder included rheumatold arthritis (RA)
22 %), systemic lupus ervthernittosus (SLE) (10 %). inflamma-
rory howel disease (1BD) (16 %, and mulriple sclerosis (MS)

Tahle 1: Patlent characteristics and folinic acid response.

Female 52/58 0N%
Age (vears): median: 45
19-64

range:

CFS or CFS + FM 26/58 (45 %)

CFS + RA 13158 (22 %)
CFS + SLE 6/58 (10 %)
Crs + IBD 958 N6 R
CFS + MS 4/58 (7 %)

58458 {100 %)
42158 (72 %)
9/35 (26 %)
33735 (94 %)

Previous EBV expusure
Reactivated ERV infection
T-cell immunodeficiency *
B-cell immunodeficiency®

e CD3+ < 50 % of MNC.
b g D194+ slgM- < 10 % of MNC.
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Fig. 1: Structural formula of folinic acid, also known as Citrove-
rum factor, or 5-formyl-5,6,7,8-tetrahydrofolic acid; chemical
designation: calcium N-{p-[[|6RS)-2-amino-5-formyl-5.6,7,8-
tetrabydro - 4- hydroxy - 6 - pteridinyl) methyl) amina) benzoyl] - L-
glutamate (1:1).

{7V %) {Table 1). Clinical and laboratory information was col-
lected sond used for rewrospective analysis according 1o the
guidelines of the Parker lughes Institute Institntional Review
Board {RB} tor sccondary use of existing data.

2.2. Laboratory tests

Immunophenotvping af Ficoll-Hypaque separated peripheral
blood mononuclear cells from CI'S patients was perfored us-
ing multipatameter llow cytometry using a broad pancl ol
monoclonal antibadies reactive with surface lymphocyte dif-
ferentiation antigens, as previously described in detail {34, 33).
The standard EBV ~erology testing was performed by LabCorp
(Kansas City, USA) und included testing of serum specimens
from CFS patients lor IgG and 1gM antibodies against EBV VCA,
FA. and NA.

2.3. Folinic acid

Folinic acid (Fig. 1) is 2 mixture of 1he diastereoisomers of the
5-formy! derivative of tetrahvdiofolic acid. The biologically ac-
tive compound in the mixtuge is the (-3-/- isomer, known as
Citrovorum factor. Folinic acid does not require reduction by
the enzyime dibiydro [olale reductase in order 10 participate in
reactions utilizing folates as a sousce of one carbon moieties.
5-Formyl tetrahydrofolate {synonyms: leucovorin, Citrovorum
factor} was purchased from Cardinal Health (Hudson, Wl
USA). Folinic acid is a derivative of tetrahydrofolic: arid, the
reduced form of folic acid, which is involved as a cofactor for
1-carbon transfer reactions in the biosynthesis of purines and
pyrimidines of nucleic acids. Normal total serum folute con:
centrations range from 5 to 15 ng/mi. Normal cellular folate
concentrations range from 175 to 315 ng/mL. Following orul
administration of a 15 mg dose, mean peak serum folate con-
centrations of 268 ng/mL occur within 1.7 h. In viva folinic
acid is converted (o other tetrahydrofolic acid derivatives. in-
cluding 5-methyi tetrahydrofolate. which is the major transport
and storage form of folate in the body. The terminal half-life
for total reduced folates is 6.2 h. Folinic acid was used at a 25
my dose level 3-4 times daily for 1-2 manths and patients were
interviewed o deteemine the effects of folinic acid on their
fatigue and pain.
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3. Results

3.1. Reactivated EBV infection in patients with CFS

Fifty-eight patients with CFS were evaluated for prior
EBV expusure using serologic testing for anti-EBV anti-
bodies and all 58 (100 %) had evidence of prior EBV
exposure, as documented by the presence of EBV VCA
IgG in their serwn whereas 42 patients (72 %} had evi-
dence for reactivated EBV infection, as documented by
the presence of EBV EA 1gG in their serum (Table 1,
Table 2). Of these 42 patients, 3 (7 %) also had IgM anti-
bodies to EBV VCA in addition to IgG; antibodies to EBV
VCA. Nine (21 %) CFS patients with VCA IgM-negative,
EA 1gG-pesitive reactivated EBV infection had cither
no detectable or very low levels of NA 1gG, consistent
with an inappropriate B cell immune response o EBV
(Table 2). In addition, 6 patients with VCA IgG positivity
had undetectable or very low levels of NA 1gG, consist-
ent with either an inappropriate EBV antibody re-
sponse, chronic reactivated EBV infection. or both
{Table 2),

3.2. Depletion of mature B-lymphocyte pool

in patients with CFS

Peripheral blood mononuclear cells from 35 of the 58
CFS patients were innnunophenotyped. The majority of
the mononuclear cells were T lymphocyies expressing
the T cell differentiation antigens (Table 3). The muan
percent positivity for CD2, CD3, CD4. CD5, and CD?
antigens were 39 = 3%, 54 £3%. 51 = 3%, 54 = 3 %.
and 57 £ 3 %. respectively (Table 3). B-lincage lymphoid
cells expressing CD19, CD20. or surface IgM repre-
sented a small minority of the mononuclear cells {Table
3). Nine patients (26 %) had T-cell immunodeficiency
with less than 50 % (actual percentages: 11 %, 13 %,
28%. 28%, 31 %. 32%. 32%, 40 %) CD3+ mature T-
lvmphocytes (Table 1). Notably, 33 patients (34 %) had
B-cell  immunodeficiency  with  less  than  10%
CD19+1gM+ mature B-lymphocytes (Table 1).

3.3. Folinic acid responsiveness of fatigue and pain
in patients with CF$

Because of the previously reported association between
folate deficiency and CFS, the observed quantitative

Table 2: EBV serology data.

VCA antibodies:
IgM' 37158 {5 %)
IgGG* 58758 {100 %)
EA antibodies:
lgGs 42758 (72 %)
NA antibodies:

1gGY 15458 (26 %)
IgG' 43458 (74 %)

VCA IgM-, VCA IgG°. NA 1gG°, EA 1gG* 3/58 (5 %}
VCA 1gM . VCA 1gG'. NA g6, EA 1gG- 9738 (16 %)
VCA IgM . VCA 1gG-. NA IgG-, EA 1gG* 30738 (52 %)

6/58 (10 %)
10/58 117 %)

VCA 1gM . VCA 1gG". NA 1gG-*~, EA IgG-
VCA Igh |, VCA IgG*, NA 1pG°, EA 1gG-

401

Lunddl et 4l - Folinic zcid



Immunmodulatoren - Immunstimulantien  |nnunsuppressiva

Table 3: Immunophenotypic features of peripherat hlood mono-
nuclear cells for patients with CFS.

Percent positive
T-cell markers:
D2 mean + SE 59+3
median (range) 62 (8--81)
cn3 mean & SE 54=x3
median {range) 57 (1) -803
CD4 mean * SE 313
median range) 56 (16-81
0135 mean + SE 5443
median (range) 39 (10 8
cor mean + SE STk 3
median (range) 60 (6-83)
B-cell markers:
CD19 mean + SFE =i
median (tange) 8(1-47)
b2 mean L SE 1622
median {range; 14 14 53)
B-cell populations:
CD19- CD20- % of lvmphoid cells
mean = SE 1meL2
median {range) 9 {2-48)
% of ratal MNC
mearn + SE 8§+
median (range) 8(1-3h
CD1y- sighy % of lymphoid cells
Mature B) mean = SE 9+
median irange: 7 10.5-33)

Table 4: Folinkc acld responsiveness of CFS.

Patient population Imptoved after folinic acid

All patients (N = 42} 34 (81 %)

CFS or CFS + PM (N =20) 14 (70 %)

CFS +IBD (N = 8} 6 {75 %)
CFS+RAN=8) 8 {100 %)

CFS + SLE(N = 5) 5 (100 %)

CFS+ MSIN=1 10)

EATgG (N =13) 10§77 %)

EA 1gG* (N = 29) \ 24 (83 %)

and functional deficits in B cell immunity of CFS
patients prompted us to empirically treat 42 CFS
patients with oral falinic acid. Folic acid deficiency was
not examined using setum folate mensurements since
there is no available standardized test for folic acid defi-
ciency in CNS {36] and no information is available
about the normal CSI° folate levels in healthy volun-
teers. Folinic acid was chusen becausc of its proven efti-
cacy in the treatment of congenital as well as acquired
folate deficiency, including CNS folate deficiency.
Thirty-four patients {81 %) reported significant subject-
ive improvement with increased energy level and re-
duced pain within 2 months (Table 1). No patieut re-
ported side effects from folinic acid. Responses were
documented in all CFS patients regardless of their co-
morbidities or EBV EA antibody status (Table 4). Several
patients also reported improvemnent in the numbness
of their hands and feet but no formal evaluation of their
presumed sensory neuropathy was performed before
and after folinic acid (Lundell, unpublished observa-
tions}.
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4. Discussion

‘The cause of CFS remains to be deciphered through
epidemiological research {37]. Patients with CFS have
been reported (o display various immunologic abnor-
malities [38]. A numbecr of studies suggested a state of
generalized immune activation and selective immune
dysfunction in patients with CFS. For example, hyper-
activition of an unwanted cellular cascade by the im-
mune-related protein RNase L has been linked to re-
duced exercise capacity in persons with CFS {39]. Rob-
ertson ct al. reported an abundance of immature
CD16+CD3- natural killer cclls in CFS patients 140].

[t has been suggested that CFS may be associated
with chronic active infection due 10 the Epstein-Barr
virus. Analysis of reports to date shows rhat the meun
titers of antibodies 10 VCA and to carly antigen EA are
greater for patients with CI'S than for healthy indi-
viduals and it has also been reported that patients with
CFS have greater numbers of EBV-infected lvinpocytes
than control subjects {41). Unlike acute infectious
mononucleosis. wherein EBV establishes lifelong infec-
tion and survives by maintaining a delicate balance
with the host as a latent infection, in chronic active EBV
infection the host-virus balance is disturbed [42]. There
is growing evidence that the serologic findings of an
enhanced ERV siate in CFS patients reflect a general-
ized underlying immunologic dysfunction in these
patients [43). A subset of CI'S patients was reported 10
have 1gM antibodies to EBV [44).

Intriguingly. CBV deoxyuridine triphosphate nucleot-
idohydrolase (dUTPase), an early nonstructural EBV-
encoded protein. has been shown to cause immune
dysregulation and produce clinical symptoms observed
in patients with CFS separate from its role in virus rep-
lication and may serve as a new approach 1o help
identify one of the ctiological agents for CTS [45].

It has also been suggested that a hypofunctional hy-
pothalamic-pituitary-adrenal axis in chronic fatigue
syndrome could result in an exaggerated release of pro-
inflammatory cytokines during stress. Since pro-inflam-
matory cytokines are involved in the induction of sick-
ness behavior and thus constitute a potential physiolo-
gical correlate of stress-induced symptom exacerbation
in chronic fatigue syndrome, Gaab et al. recently evalu
ated the lipopolysaccharide (LPS)-induced production
of pro-inflammatory cvtokines during psychosocial
stress in CFS and healthy controls. CFS patients did not
show an exaggerated secretion of LPS-induced cytok-
ines. Although cortisol responses to stress were normal,
pro-inflammiatory cytokine levels in CFS patients were
significantly attenuated [46].

A high incidence of severe B cell immunodeficiency
and chronic reactivated EBV infection in patients with
CES is reported herein. Also reported is that a signifi-
cant portion of these patients bencfit from treatment
with folinic acid, which supports the notion that CF$
frequently is a folic acid responsive clinical entity ac-
companied by B cell immunodeficiency and inappro-
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priate antibody responscs to EBV. Folinic acid was pre-
viously shown to be an effective agent for treatment of
patients with a deficiency of dibydropteridine reductase
(DHPR) and presumed CNS folate deficiency{47}. It is
also effective in treatment of severc neuropathy and fa-
tigue caused by the chemotherapeutic drugs vincristine
{48], vinblastine [49), and methotrexate |50, 511. The ob-
served activity of folinic acid in patients with CFS may
provide the foundation for a new standard of care for
this frequently debilitating condition.
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