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Abstract 

Specific Human Herpes virus-6 (HHV-6) transfer factor (TF) preparation, administered to two chronic fatigue 
syndrome patients, inhibited the HHV-6 infection. Prior to treatment, both patients exhibited an activated HHV-6 
infection. TF treatment significantly improved the clinical manifestations of CFS in one patient who resumed 
normal duties within weeks, whereas no clinical improvement was observed in the second patient. It is concluded 
that HHV-6 specific TF may be of significant value in controlling HHV-6 infection and related illnesses. 

Abbreviations: CFS : chronic fatigue syndrome; HCBMC : human cord blood mononuclear cells; HHV-6 : human 
herpes virus type 6; PBL : peripheral blood lymphocytes; PBMC : cultured peripheral blood mononuclear cells; 
TF : transfer factor. 

I n t r o d u c t i o n  

HHV-6 was first isolated in 1986 from patients with 
AIDS and lymphoproliferative disorders [1]. Since 
then, HHV-6 has been shown to be a common infec- 
tious agent in the general population and could be iso- 
lated from healthy donors, or patients with immune 
deficiencies, auto-immune diseases, lymphoprolifera- 
rive disorders and chronic fatigue syndrome (CFS)[2]. 
Several RNA and DNA viruses have been implicated 
in CFS, including HHV-6, but thus far none of them 
have been found to be the causative agent [3,4]. How- 
ever, higher reactivation of HHV-6 has been reported 
by various investigators [5-I1], suggesting that this 
virus may play an important role in the pathogenesis 
of the syndrome. These observations are based on sig- 
nificantly elevated IgG antibody titers to HHV-6 (>3-  
4 fold increase), detection of IgM antibody in some 
patients who showed antigen-producing cells in their 

cultured peripheral blood mononuclear cells (PBMC), 
detection of HHV-6 DNA in the PBMC and signifi- 
cantly elevated IgG and IgM antibody titers to HHV-6 
early protein P41/38 [4]. 

Based on preliminary in vivo and in vitro 
studies[ 12-15], several antiviral agents have been sug- 
gested for CFS therapy, but, thus far, there is no accept- 
ed specific treatment for this syndrome. Due to lack of 
toxicity, transfer factor (TF) has been effectively used 
in a number of viral diseases in previous studies [16-- 
21]. Because of the high reactivation rate of HHV-6 in 
CFS patients, lack of specific treatment, and absence 
of TF toxicity in vivo, we were tempted to evaluate 
the anti-HHV-6 activity of TF on certain CFS patients 
with HHV-6 active infection. The HHV-6 specific TF 
was prepared from immune murine lymphocytes and 
subsequently replicated in the LDV/7 cell line [22,23]. 
It was orally administered to two CFS patients. 
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Materials and methods 

Patients 

Patient I, a 24-year-old male student, became ill in 
June 1992 with severe fatigue, muscular pain, and sleep 
disorders. He consulted an infectious disease special- 
ist in November 1992, who found elevated CMV IgG 
antibodies and up to 25% atypical lymphocytes. There 
was also an increase in his IgA, which progressively 
increased to 605 mg/dl. In August 1992, the patient 
had a 25% increase in NK cells with absence of clon- 
ality and lymphocyte gene rearrangement. He devel- 
oped acute anxiety problems with apparent depression 
and mental confusion. He also exhibited other symp- 
toms associated with CFS. Tests for Lyme disease were 
found negative. In December 1994, his PBMC cells 
were cultured for HHV-6 and two months later a sec- 
ond blood sample was drawn and processed for HHV-6 
infection. At this time, his serum was tested for anti- 
bodies to HHV-6 and to EBV. After finding an active 
HHV-6 infection, HHV-6 specific TF therapy was ini- 
tiated in December 1994, 'IF was orally administered. 

Patient 2, a 27-year-old female student, developed 
in June 1991 fatigue with sore throat, tender swollen 
lymphnodes, headaches, difficulty in concentrating, 
memory loss, depression, and a number of other symp- 
toms compatible with CFS diagnosis, including night 
sweats, seizures, and anxiety attacks. She was forced 
to discontinue her schooling and on March 1992 was 
treated orally with HHV-6 specific transfer factor. 

Transfer factor 

BALB/c mice were injected SQ with a preparation con- 
taining HHV-6, EBV, and CMV live viruses. The mice 
were sacrificed 3-4 weeks later and TF was obtained 
from their spleen cells. It was in vitro replicated using 
the LDV/7 cells, a B-lymphoblastoid cell line which 
contains EBV-DNA, but lacks virus production, as pre- 
viously described [22]. TF was given orally in capsule 
form. Patients were given 2 capsules every third day, 
i.e., 108 cell equivalent. 

Detection of HHV-6. (A) Culture of PBMC. 

PBMC from the 2 patients, after lymphocyte separa- 
tion (< 1 x 106/ml), were propagated in the presence 
of PHA (5mg/ml). From patient 1 the PBMC, after 48 
hours mitogen stimulation, were centrifuged and then 
were either cultured in RPMI 1640 medium contain- 

ing 10% fetal bovine serum and 10% IL-2 (Advanced 
Biotechnologies Inc, Columbia, MD), or they were 
co-cultivated with PHA-stimulated human cord blood 
mononuclear cells (HCBMC) in the presence of IL- 
2 and cell culture medium. The cell cultures were 
incubated at 37°C in presence of 5% C02, and were 
examined (a) by light microscopy for morphological 
changes, i.e., formation of typical enlarged cells, (b) 
by monoclonal antibodies to HHV-6 early (P41/38) or 
late (gp116/64/54) antigens by indirect immunoftuo- 
rescence assay (IFA) at 3,7,14 days post incubation. If 
the cells were found to be positive for late antigens, the 
supernatant from the infected culture (antigen positive) 
was filtered through 0.45# filter and inoculated into 
PHA-stimulated HCBMC for cell-free infection. The 
infected cells were examined by electron microscopy 
and the virus isolate characterized as either HHV-6 
Variant A or Variant B [24]. The protocol for the detec- 
tion of HHV-6 in PBLs from patient 2 was similar to 
patient 1. 

(B) Detection of antibody to HHV-6 

During separation of the patients' PBL, the plasma was 
saved and titered for IgG antibody using IFA [13,14]. 
Plasma was also assayed for presence of lgM antibody 
by IFA. For detection of IgM, plasma was incubated 
with the substrate, i.e. HHV-6 infected H582 cells for a 
period of 3 hours, after adsorption with Gull absorbent 
to remove IgG antibody. After the 3 hour incubation 
period, the cells were washed in PBS and incubat- 
ed with rabbit anti-human IgM FITC for 35 minutes. 
The cells were then washed, counterstained with Evans 
blue (1:700 dilution) mounted and examined for fluo- 
rescent staining. 

(C) Detection of HHV-6 capsid antigen by antigen 
capture assay 

The plasma, as well as the cell culture fluid, from the 
PBMC of the patient I were tested by the HHV-6 anti- 
gen capture ELISA to gp116 (Advanced Biotechnolo- 
gies Inc, Columbia, MD), according to the procedure 
described in the kit. 
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Table 1. Detection of HHV-6 Infection in Peripheral Blood Mononuclear Cells (PBMC) from Patient 1" 

Sample 
I.D. 

Detection HHV-6 Antigen in cultured cells 

PBMC Co-cultivated with cord 
PBMC blood mononuclear cells 

Early (p41/38)Late (gp116) Early(p41/38) Late (gp116) 

Detection of HHV-6 Antigen (core protein) 
by Antigen Capture Assay 

Antigen in 
Tissue culture Antigen in 
fluid from cells Plasma 

HCBMC 

Dec. 12, 

1994 

HCBMC 

Feb. 17, 

1995 

Day 3 >5% <3% >10% 4-15% + + 

Day 7 > 10% > 15% <20% >25% + No sample 
* Day 14 <20% <25% >30% >35% + No sample 

Day 3 . . . . . .  

Day 7 . . . . .  No sample 
Day 14 . . . . .  No sample 

* Cell-free supernatant was used to infect (a) PHA-stimulated HCBMC, (b) J-Jhan and MOLT-3 T-cell lines. HCBMC became HHV-6 positive 
by Day 3 and only J-Jhan cell line showed positivity to HHV-6 by Day 7 post infection, suggesting that HHV-6 isolate from Patient 1 is Variant 
A [20]. 

Results 

(A)HHV-6. Profile of patient I 

Table 1 shows that patient 1 had active HHV-6 infec- 
tion in December 1994, when his PBMC were cultured. 
The antigen-expressing cells were detected with HHV- 
6 Mabs as early as post-culture day 3. The antigen- 
expressing cells increased in number, especially the 
balloon-type large cells, as the culture grew older (Fig. 
1). Table 1 shows that the patient's plasma obtained in 
December 1994 also exhibited the presence of HHV-6 
antigen. PBMC whether cultured by themselves or co- 
cultivated with HCBMC showed the presence of cell- 
free virus, since these samples were positive for HHV- 
6 antigen by the antigen capture ELISA, and cell-free 
supernatant was able to infect fresh HCBMC by Day 3. 
The HCBMC infected cells under electron microscopy 
showed typical herpes virus particles (Fig. 2). More- 
over, the PBMC culture showed some large balloon- 
shaped cells which were found in clusters or appeared 
singly. Morphologically, these cells were identical to 
the HHV-6 infected cells, previously reported in the 
literature [1]. 

Our data also show that the isolate of HHV-6 recov- 
ered from patient I is Variant A type, since it grew in 
H5B2 and J-Jhan cells, but not in the MOLT-3 cells 
[24]. Moreover, J-Jhan infected cells did not react with 
OHV-3 (P98) monoclonal antibody to HHV- -6, which 
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Figure 1. In vitro culture of PBMC from patients 1 showing enlarged 
cells after 14 days post culture (1). Clumps of PB MC are visible in the 
culture (Darker). Some of the cells in the culture contained medium 
to large HHV-6 antigen positive ceils when tested with Mabs to 
HHV-6. 

only reacts with Variant B types. This isolate also gave 
a restriction enzyme pattern of Variant A [24]. 

Table 2 shows the HHV-6 antibody titers of patient 
1. At the time of the first culture of PBMC (December, 
1994), the plasma sample showed significantly elevat- 
ed IgG antibody titers, as tested by IFA. The same 
sample of plasma contained IgM antibody; however, 
the second sample of serum obtained in January 1995 
showed a drop in IgG antibody and no IgM antibody 
was detectable. A plasma sample, obtained in Febru- 
ary 1995, showed a considerable drop in IgG antibody. 
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Figure 2. An electron micrograph of HHV-6 viral particles ti'om 
PBMC co- cultivated with HCBMC from patient 1. The two mature 
virions typical of a herpes virus (l) are shown on the microgmph. 

Table 2. HHV-6 Antibody Profle of Patient I 

Sample I.D. lgG IgM 

Dec. 1994 Plasma* 1:256 < 1:20 
Jan. 1995 Serum 1:640 Negative at l:10 
Feb. 1995 Plasma* <1:160 Negative at 1:10 

*Plasma was obtained from the same samples of periph- 
eral blood which were used for establishing a cell cul- 
ture. The same plasma samples were used for the HHV-6 
antigen capture assay as shown in Table 1. 

The presence of HHV-6 IgM antibody and elevated 
IgG antibody are highly suggestive of  virus reactiva- 
tion. The antibody profile data showed a correlation 
with the detection of HHV-6 antigens in the patient's 
peripheral blood lymphocytes (PBL)(Table 1). Thus, 
Tables 1 and 2 suggest that the patient had an active 
HHV-6 infection which subsided over a two month 
period, perhaps due to the HHV-6-specific TF admin- 
istration. 

(B) HHV-6. Profile of patient 2 

Prior to TF therapy, the PBMC from patient 2 were 
cultured as described for patient 1. Fourteen days post 
culture, a significant number of enlarged HHV-6 anti- 
gen positive cells were observed in the culture as shown 
in Figure 1 for patient 1. HHV-6 could be recovered 
from the supernatant of the PBMC. 

Patient 2 received TF from March 1992 to August 
1993. Prior to TF treatment, her EBV IgG antibody 
titer for VCA was 1:2560; it declined during the TF 
treatment to 1:1280 and then to 1:640. Her EBV-EA 
IgG titer was 1:10-1:320; after TF administration it 
decreased to 1:20-1:80 and then to < 1:I 0. This patient 
was EBV IgM antibody negative (<  1:10) and EBNA 
antibody positive. 

Patient 2's HHV-6 IgG antibody titer, prior to TF 
therapy was between 1:2560-1:5120; after TF treat- 
ment it dropped to > 1:20-1:320 and < 1:320, whereas 
5 months after TF therapy, her PBMC, upon culture, 
failed to exhibit any HHV-6-antigen positive cells, 
even when the cells were co-cultivated. 

Effect of TF on patients' clhffcal condition. 

Patient 1 did not show any clinical improvement of 
his CFS symptoms, even though there was no sign of 
active HHV-6 infection after two months of TF thera- 
py. However, the second patient continued to improve 
physically and eventually she resumed normal activi- 
ties. Her condition, two years later, is absolutely nor- 
mal. 

Discussion 

The causative agents of  CFS are not yet identified. 
However, it is probable that active chronic viral infec- 
tion, such as EBV and/or HHV-6, could play a role 
in the etiopathology of the syndrome. But, besides the 
viral agents, other factors could share a responsibili- 
ty in the pathogenesis of CFS. Whatever factors were 
responsible for the onset of the CFS symptomatology 
in patient 2, the virus-specific TF seems to have sup- 
pressed their effect, together with the presence of HHV- 
6 and EBV infection, thereby improving the patient's 
clinical condition. 

Patient 1 did not show clinical improvement, the 
CFS symptomatology remained unaltered, despite con- 
trol of the HHV-6 infection. Indeed, while he was 
actively replicating HHV-6 before viral specific TF 



therapy, i.e., at the time his first PBMC sample was 
cultured (December 12, 1994) (Table 1), the second 
PBMC, taken one month after the first sample of  PBMC 
was drawn (January 14, 1995), showed absence of  
HHV-6 infected cells. No vires could be detected by 
IFA or antigen capture assay in the PBMC sample tak- 
en approximately one month after the initiation of  TF 
therapy (February 17, 1995), suggesting that HHV-6 
had been suppressed or cleared from the host. It is 
plausible to speculate that this was due to the effect of  
the HHV-6-specific TF on HHV-6 replication. 

Additional evidence for active HHV-6 infection in 
this patient was offered by the presence o f  IgM anti- 
body and significantly elevated IgG antibody to HHV- 
6. HHV-6 IgM antibody, like cytomegalovirus IgM 
antibody, correlates with active vires replication in 
vivo. Two serum and plasma samples drawn later show 
that no IgM antibody to HHV-6 was detectable, while 
IgG antibody showed a drop from 1:2560 to 1:160. 
These data further support the hypothesis that HHV-6- 
specific TF is capable of  inhibiting HHV-6 infection in 
vivo. 

Patient 2 showed a similar pattern. Her EBV-VCA 
antibody titers dropped from 1:2560 to 1:640 and her 
EBV-EA titers eventually dropped below detectable 
levels. The HHV-6 antigen and antibody profiles 
showed that no HHVo6 could be recovered after treat- 
ment with virus-specific TF. Also her IgG antibody 
dropped from 1:5120 to <1:320,  suggesting that TF 
suppressed both HHV-6 and EBV replication. 

The inhibitory effect of  HHV-6-specific TF war- 
rants further clinical studies. It is plausible that its 
clinical usefulness in CFS patients will be proven in 
larger clinical studies, although, if CFS is a multi- 
causal syndrome, the immediate clinical benefit may 
not be the same in all patients, the control of  two viral 
infections may not be sufficient to tip the balance and 
reverse the course o f  the syndrome. 
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