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Many natural compounds were tested for the ability to suppress viral replication. The present manuscript de-
tails an analysis of high dose vitamin C therapy on patients with EBV infection.

The data were obtained from the patient history database at the Riordan Clinic. Among people in our data-
base who were treated with intravenous vitamin C (7.5 g to 50 g infusions) between 1997 and 2006, 178 pa-
tients showed elevated levels of EBV EA IgG (range 25 to 211 AU) and 40 showed elevated levels of EBV VCA
IgM (range 25 to 140 AU). Most of these patients had a diagnosis of chronic fatigue syndrome, with the rest
being diagnosed as having mononucleosis, fatigue, or EBV infection.

Our data provide evidence that high dose intravenous vitamin C therapy has a positive effect on disease du-
ration and reduction of viral antibody levels.

Plasma levels of ascorbic acid and vitamin D were correlated with levels of antibodies to EBV. We found an
inverse correlation between EBV VCA IgM and vitamin C in plasma in patients with mononucleosis and CFS
meaning that patients with high levels of vitamin C tended to have lower levels of antigens in the acute state
of disease.

In addition, a relation was found between vitamin D levels and EBV EA IgG with lower levels of EBV early an-
tigen 1gG for higher levels of vitamin D.

The clinical study of ascorbic acid and EBV infection showed the reduction in EBV EA IgG and EBV VCA IgM an-
tibody levels over time during IVC therapy that is consistent with observations from the literature that milli-
molar levels of ascorbate hinder viral infection and replication in vitro.
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Background

The Epstein-Barr virus (EBV) is a member of the herpes family
that targets lymphocytes and epithelial cells [1-6]. It binds to
B-lymphocytes via the CD21 cell surface protein, and establishes
life-long persistence in memory B-cells [7-10]. While the infec-
tion is usually benign, it can in some cases lead to acute infec-
tious mononucleosis and can impair the immune system [11,12].
EBV is linked to several malignancies, including Burkett’s lym-
phoma, post-transplant lymph-proliferative disease, Hodgkin’s
disease, and several autoimmune diseases [13-15]. EBV inhib-
its the ability of lymphocytes to respond properly to antigens
such as mitogenic lectins, concanavalin A, phytohemaggluti-
nin, and pokeweed mitogen, among others [16,17].

EBV infections can be detected by immunoglobulin assays.
Most subjects show IgM antibodies to EBV viral capsid anti-
gen (VCA) at the onset of infection, which decline after two to
six months. 1gG antibodies to the EBV VCA may be detected
a few weeks or months after the onset of infection, and can
persist for life [9]. In addition, IgG antibodies to the EBV early
diffuse antigen (EA) can also be detected during acute infec-
tions [18,19]. Antibodies to the Epstein-Barr nuclear antigen
(EBNA) indicate the presence of a past infection. The profile
of antibodies that used to distinguish between the various
stages of EBV infection is summarized in www.cdc.gov. High
lymphocytes counts, particularly atypical high numbers of ac-
tivated CD8 T-lymphocytes, and the presence of Downey cells
characterized by enlarged cytoplasm and condensed nuclei are
also present in primary EBV infection [20].

There is currently no treatment for removing EBV infections.
Our clinic has been long interested in the use of vitamin C
(ascorbic acid, ascorbate) to combat viral infections. Ascorbic
acid is an essential nutrient that functions as a key water sol-
uble antioxidant and is involved in synthesis of collagen, car-
nitine, and neurotransmitters [21-23]. It affects wound heal-
ing, energy metabolism, nervous system function, and immune
cell health [24-27]. Oral supplementation with vitamin C typ-
ically gives rise to plasma ascorbate concentrations less than
0.2 mM, while high dose intravenous infusion of the vitamin
can raise plasma concentrations higher than 14 mM [28-30].
These “pharmacologic” plasma ascorbate concentrations
achieved by intravenous infusion have been linked with ben-
efits to endothelial function, cellular immune function, antiox-
idative capacity, pain relief, and treatment of cancer and oth-
erillnesses [31-37].

The motivation for using intravenous infusions of vitamin
C (IVQ) to treat viral illnesses comes, in part, from observa-
tions that virally infected patients exhibit vitamin C deficien-
cy [38-40]. This in turn suggests that clinical management of
viral infections may benefit from supplementation. Improved
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recovery of subjects with viral infection upon supplementation
with pharmacologic doses of vitamin C has been observed clin-
ically [40-43]. In a multicenter cohort study, sixty-seven symp-
tomatic Herpes-Zoster patients were given intravenous vita-
min C in addition to standard treatment for shingles [43]. Pain
assessments were made and dermatologic symptoms such as
hemorrhagic lesions were followed during twelve weeks of
treatment. Pain scores, number of dermatomes and number
of efflorescences all showed statistically significant decreas-
es during the treatment.

Several mechanisms of action have been proposed for this po-
tential benefit. Since viral infections are often associated with ox-
idative stress, the ability of ascorbate replenishment to promote
a reducing environment could be important in detoxification and
neutralization of reactive oxygen species associated with infec-
tion [44]. Vitamin C is also necessary for neutrophil function, as
they typically accumulate ascorbic acid at eighty times the plas-
ma concentration [45]. Also considered as potential mechanisms
are the ability of ascorbic acid to stimulate the production of in-
terferon and other anti-viral cytokines, its ability to down reg-
ulate inflammation, and its direct antiviral properties [46-54].

The direct anti-viral activity of ascorbate has been studied ex-
tensively in vitro (animal studies are complicated by the fact
that most laboratory animals synthesize ascorbic acid). In one
study, for example, millimolar concentrations of ascorbate or
dehydroascorbate dramatically reduced the ability of three dif-
ferent viral types (herpes simplex virus type 1, influenza virus
type A, and picornaviridea virus 1) to infect cell monolayers
[51]. Note that millimolar concentrations of ascorbate are not
physiologically achievable through oral vitamin supplemen-
tation, but can be attained as a result of intravenous vitamin
C infusion. Suspensions of herpes simplex viruses (types 1
and 2), cytomegalovirus, and parainfluenza virus type 2 were
inactivated upon exposure to sodium ascorbate (at pharmaco-
logic concentrations in the millimolar range) plus copper, and
ascorbic acid concentrations in the millimolar range were ef-
fective against human influenza viruses [42,52]. In chick em-
bryo fibroblast, infection with Rous sarcoma viruses was in-
hibited by ascorbic acid [54].

The present manuscript details an analysis of EBV progres-
sion, via antibody assays, in patients undergoing intravenous
vitamin C therapy. Our results, detailed below, add further ev-
idence to the idea that ascorbic acid may be useful in treat-
ing viral infections.

Material and Methods

The Epstein-Barr antibodies were detected in human serum
by enzyme linked immunosorbent assay (ELISA) according to
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manufacturer’s instructions (INCSTAR Corporation, Minnesota).
The absorbance of solution was measured at 450 nm. The nor-
mal range of antibodies to EBV viral capsid antigens IgG, IgM
and EBV early antigen IgG were in range 0-20 AU. PCR-based
method of EBV DNA detection in serum in conjunction with se-
rological tests is a useful additional test to the panel of tests
offered at our clinical laboratory. However, test was not aval-
able and we did not have data for analysis.

The levels of vitamin C and vitamin D in blood were attained
by standard clinical procedures.

The study was conducted under Institutional Review Board
Approval of Riordan Clinic. Demographics were limited to en-
sure confidentiality, and informed consent was obtained from
all patients. From the database of patients with EBV infection
treated with IVC, we selected subjects for whom plasma an-
tibody’ levels before and after treatment were available. The
details of the Riordan IVC protocol have been described else-
where [29,30]. Briefly, patients are given IVC infusions at the
7.5, 15, 25, and 50 gram dosages. Dosages are adjusted by the
physician based on the patients’ tolerance and plasma ascor-
bic acid levels attained post infusion.

As hemolysis has been reported in patients with glucose-
6-phosphate dehydrogenase (G6PD) deficiency when given
high-dose IVC, the G6PD level was assessed for all patients
before beginning IVC.

The protocol also suggests adding magnesium to reduce the
incidence of vein irritation and spasm.

Statistical methods. The data were analysed by Systat software
(Systat, Inc) and Kaleidagraph software. Variables were pre-
sented as mean values +SD, or as medians with correspond-
ing 25th percentiles. Association between different factors
was assessed using linear models. Statistical significance was
accepted if the null hypothesis could be rejected at p<0.05.

Results

The data were obtained from the patient history database at the
Riordan Clinic, a nutritional medicine treatment and research
clinic. Among people in our database who were treated at the
clinic with intravenous vitamin C (7.5 g to 50 g infusions) for
various illness, we found 178 patients who showed elevated
levels of EBV IgG (range 25 to 211 AU) and forty who showed
elevated levels of EBV VCA IgM (range 25 to 140 AU). These
subjects, all being treated between 1997 and 2006, formed the
basis of our study. Most of these patients (110 subjects) had
a diagnosis of chronic fatigue syndrome, with the rest being
diagnosed as having mononucleosis, fatigue, or EBV infection.
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Figure 1. Changes in EBV EA antibodies over time in a patient.
Boxes represent times of IVC administration.

Figure 1 shows how EBV EA IgG antibody levels changed over
time in a typical patient. This patient not only had high EBV
antibody levels (130 AU) at the start of treatment, but showed
a high percentage of lymphocytes (50%, with 10% being atyp-
ical morphology). After 13 treatments of IVC, at dose of 25
grams each the EA 1gG level decreased to 25 AU. The patient
at this point stopped treatments, and saw a rebound in anti-
gen load. Resumption of therapy brought the antibody levels
back down to within normal ranges.

We had detailed information about treatments, along with sev-
eral follow-up measurements, for thirty-five subjects. Their EBV
EA IgG levels before and after treatments are shown in Table 1.

The average EBV EA IgG level before treatment was 80+55 (SD)
AU, while the average after treatment was 46+43 (SD) AU. This
was an average improvement of roughly forty percent, and the
difference was highly statistically significant (p=0.001). Out of
thirty-five subjects, thirty-two showed improvement (positive
A values in Table 1) and three showed increased antibody lev-
els (negative A in Table 1).

Analysing these data further, we broke down patients into two
groups: patients who did not receive IVC treatment and pa-
tients who received five or more treatments. Figure 2 shows
how EBV EA IgG levels changed with time of treatment for pa-
tients in these two groups.

According to the data, the percent decrease in antibodies
(percent improvement, as far as reducing infection is con-
cerned) is much higher in the >5 IVC group, than in the un-
treated group. The average values (+SD) for percentage of im-
provement are 17+13% for untreated subjects and 46+39%
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Table 1. EBV EA 1gG values before and after IVC therapy in 35 subjects. Percentage of decrease in early antibody 1gG levels (A) is given.

EBV Early Ag, IgG % of change
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Figure 3. Percentage of decrease in EBV EA IgG levels over time
for patients receiving IVC as a function of number of
IVC treatments.

for subjects treated more than five times. Compared to un-
treated controls, the rate of decrease in the EBV antibodies
for treated subjects are significantly different (p<0.002) from
those of the untreated subjects.

The effect of number of treatments is confirmed in Figure 3,
which shows how the percent improvement (decrease in EBV
EA 1gG) increased as the number of treatments increased.
The change in the percentage of improvement with number
of treatments (slope of the line in Figure 3) is 2.7+0.7% per
treatment (p<0.001).

(-1.18x) (r=0.62) for A and y=114 exp(-0.37x) (r=0.21)
for B. Estimated p-values are p<0.001 for A and p=0.08
for B.

We also found evidence that EBV antibody expression cor-
relates with plasma ascorbic acid concentrations. Figure 4
shows the inverse relationships between plasma ascorbic
acid levels (pre-treatment) and EBV EA IgG and VCA IgM.
The trend is for subjects with high plasma ascorbic acid
levels to have lower EBV antigen loads; this is particularly
true for VCA IgM.

In addition, we found that the peak ascorbic acid plasma lev-
els that can be achieved after IVC infusions varied slightly de-
pendent upon the severity of the infection. For example, in
one patient a decrease in EBV EA IgG from 95 AU to 30 AU
was accompanied by an increase in peak plasma ascorbate
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Figure 5. Lymphocyte percentages as functions of EBV VCA IgM
levels. Line represents a linear regression (y=37-0.51x,
r=0.34).

concentration (after 25 g IVC) from 5.6 mM to 8.8 mM. In an-
other patient, a decrease in EBV EA IgG from 30 AU to 10 AU
was accompanied by an increase in peak plasma ascorbate
concentration (after 15 g IVC) from 5.0 mM to 7.1 mM.

We attempted to examine this further by looking at peak ascor-
bic acid levels in patients after the same dosage of IVC (15
g) above or below certain antibody load cut-offs. The average
peak plasma ascorbic acid concentration was 7.0+2.1 mM for
patients with EA 1gG values below 70 AU and 5.9+1.4 mM for
patients with EA 1gG values above 70 AU. For VCA IgM, the av-
erage peak plasma ascorbic acid concentration was 7.1+1.1
mM for patients with IgM values below 30 AU and 4.4+3.1
mM for patients with IgM values above 30 AU. This indicates
that subjects with higher EBV infection burdens (as indicated
by antibody levels) are highly depleted of vitamin C, meaning
that they require more treatments to replenish tissue ascor-
bic acid stores.

In addition, our data demonstrated that during acute phase
viral infection, reduced lymphocyte counts correlated inverse-
ly with EBV VCA IgM (Figure 5). Moreover, the percentages of
atypical lymphocytes increased from ten percent at VCA IgM
levels below 20 AU to values between sixteen and twenty per-
cent for IgM levels above 40 AU.

Finally, we analysed the other values of clinical tests for these
patients (vitamins and minerals) to find other variables that
correlate with EBV antibodies. Thus far, we have found that
vitamin D concentration correlates with EBV EA IgG antibody
levels (Figure 6).

Figure 6. Effect of vitamin D levels on EBV EA IgG levels. Curve
fit is exponential: y=79 exp(-0.041x) (r=0.44)

Discussion

There has been very little success treating acute EBV infection
and mononucleosis with drugs. Corticosteroids may be helpful
in treating complications of infectious mononucleosis includ-
ing central nervous system involvement, myocarditis, tonsillar
enlargement causing airway obstruction, and hemolytic ane-
mia [55]. However, a double-blind study showed that acyclo-
vir had no significant effect on symptoms of EBV-related in-
fectious mononucleosis [56]. The combination of acyclovir and
prednisolone did not affect the symptom duration or develop-
ment of specific cellular immunity against EBV [57].

Our data provide evidence that high dose (7.5 to 50 grams)
intravenous vitamin C therapy may have a positive effect on
disease duration and may reduce viral antibody levels. This
is, to our knowledge, the first clinical study of ascorbic acid
and EBV infection. The reduction in EBV EA IgG and EBV VCA
IgM antibody levels over time during IVC therapy is consis-
tent with observations from the literature that millimolar lev-
els of ascorbate hinder viral infection and replication in vitro
[42,51,52]. The benefit seems to be dependent upon the num-
ber of IVC treatments given, as patients given five or more
IVCs had significantly greater reduction in EBV EA 1gG when
compared to untreated controls. We also can confirm obser-
vations that relate vitamin C depletion to EBV infection. The
possible mechanisms for this involve the effect of viral infec-
tion on cellular glucose uptake rates and increased oxidative
stress [58]. Viruses are thought to increase cellular expres-
sion of the glucose transporter: this in turn would increase
the rate of ascorbic acid uptake into the cell, since ascorbic
acid enters cells as dehydroascorbate via these same glucose
transporters [59-61].
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Another important finding is the potential role of vitamin D
in reducing viral antibody levels. Vitamin D has an important
“non-classic” influence on the body’s immune system by mod-
ulating the innate and adaptive immune system, influenc-
ing the production of important endogenous antimicrobial
peptides such as cathelicidin, and regulating the inflamma-
tory cascade [62]. Vitamin D may modulate the production
of cytokines, suppressing inflammation, and reduce the se-
verity of viral infection. Multiple epidemiological studies in
adults and children have demonstrated that vitamin D defi-
ciency is associated with increased risk and greater severi-
ty of infection, particularly of the respiratory tract [63]. Cell
culture experiments support the thesis that vitamin D has
direct anti-viral effects particularly against enveloped virus-
es [64]. It may be worth exploring the combination of vita-
min D with vitamin C and other antioxidants in treating EBV
infected subjects.
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Conclusions

The clinical study of ascorbic acid and EBV infection showed
the reduction in EBV EA IgG and EBV VCA IgM antibody levels
over time during IVC therapy that is consistent with observa-
tions from the literature that millimolar levels of ascorbate
hinder viral infection and replication in vitro.

Competing interests

The author have no direct financial interest in the subject mat-
ter discussed in the submitted manuscript.

Acknowledgements

This research was supported by Allan P. Markin. We would like
to thank V. Guilliams and P. Taylor for help in data collection.
We thank Dr. ). Casciari for help in manuscript’s preparation.

18. Nystad TW, Myrmel H: Prevalence of primary versus reactivated Epstein-Barr
virus infection in patients with VCA 1gG-, VCA IgM and EBNA-1-antibodies
and suspected infectious mononucleosis. J Clin Virol, 2007; 38: 292-97

19. Klutts JS, Ford BA, Perez NR, Gronowski AM: Evidence based approach for
interpretation of Epstein-Barr virus serological patterns. J Clin Microbiol,
2009; 47: 3204-10

20. Taga K, Taga H, Tosato G: Diagnosis of atypical cases of infectious mono-
nucleosis. Clin Infect Dis, 2001; 33: 83-88

21. Polidori MC, Mecocci P, Levine M, Frei B: Short-term and long-term vitamin
C supplementation in humans dose-dependently increases the resistance
of plasma to ex vivo lipid peroxidation. Arch Biochem Biophys, 2004; 423:
109-15

22. Karanth S, Yu WH, Walczewska A et al: Ascorbic acid acts as an inhibito-
ry transmitter in the hypothalamus to inhibit stimulated luteinizing hor-
mone-releasing hormone release by scavenging nitric oxide. PNAS, 2000;
97(4): 1891-96

23. Rice ME, Russo-Menna I: Differential compartmentalization of brain ascor-
bate and glutathione between neurons and glia. Neuroscience, 1998; 82(4):
1213-23

24. Hickey S, Saul AW: Vitamin C: The Real Story, the Remarkable and
Controversial Healing Factor. Anderson J, editor. Laguna Beach (CA): Beasic
Health Publications, 2008

25. Klenner FR: The significance of high daily intake of ascorbic acid in pre-
ventive medicine. In: Williams R, Kalita DK (eds.), Physician’s Handbook on
Orthomolecular Medicine. 3" ed. New York: Pergamon Press, 1979; 51-59

26. Webb AL, Villamor E: Update: Effects of antioxidant and non-antioxidant
vitamin supplementation on immune function. Nutrition Reviews, 2007;
65: 181-217

27. Siegel BV, Morton JI: Vitamin C and immunity: influence of ascorbate on
prostaglandin E2 synthesis and implications for natural killer cell activity.
Int J Vitam Nutr Res, 1984; 54: 339-42

28. Padayatty SJ, Sun H, Wang Y et al: Vitamin C pharmacokinetics: implica-
tions for oral and intravenous use. Ann Intern Med, 2004; 140(7): 533-37

29. Mikirova N, Casciari J, Riordan N, Hunninghake R: Clinical experience with
intravenous administration of ascorbic acid: achievable levels in blood for
different states of inflammation and disease in cancer patients. J Transl
Med, 2013; 11: 191

30. Riordan HD, Hunninghake RB, Riordan NH et al: Intravenous ascorbic acid:
protocol for its application and use. P R Health Sci J, 2003; 22(3): 287-90

31. Du WD, Yuan ZR, Sun J et al: Therapeutic efficacy of high-dose vitamin C

on acute pancreatitis and its potential mechanisms. World J Gastroenterol,
2003; 9(11): 2565-69

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]  [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




CLINICAL RESEARCH

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Yeom CH, Jung GC, Song KJ: Changes of terminal cancer patients’ health-
related quality of life after high dose vitamin C administration. J Korean
Med Sci, 2007; 22(1): 7-11

Jackson J, Riordan HD, Hunninghauke R, Riordan N: High dose intravenous
vitamin C and long time survival of a patient with cancer of the head and
pancreas. J Ortho Med, 1995; 10: 87-88

Riordan HD, Jackson J, Riordan N, Shultz M: High-dose intravenous vitamin
C in the treatment of a patient with renal cell carcinoma of the kidney. J
Ortho Med, 1998; 13: 72-73

Sherman DL, Keaney JF Jr, Biegelsen ES et al: Pharmacological conncentra-
tions of ascorbic acid are required for the beneficial effect on endothelial
vasomotor function in hypertension. Hypertension, 2000; 35(4): 936-41

Kennes B, Dumont |, Brohee D et al: Effect of vitamin C supplements on
cell-mediated immunity in old people. Gerontology, 1983; 29: 305-10

Anderson R, Dittrich OC: Effects of ascorbate on leucocytes: Part IV. Increased
neutrophil function and clinical improvement after oral ascorbate in 2 pa-
tients with chronic granulomatous disease. S Afr Med J, 1979; 1: 56476-80

Jain SK, Pemberton PW, Smith A et al: Oxidative stress in chronic hepatitis
C: not just a feature of late stage disease. ) Hepatol, 2002; 36(6): 805-11

Chen JY, Chang CY, Feng PH et al: Plasma vitamin C is lower in postherpet-
ic neuralgia patients and administration of vitamin C reduces spontane-
ous pain but not brush-evoked pain. Clin J Pain, 2009; 25(7): 562—-69

Levy TE (ed.), Curing the Incurable: Vitamin C, Infectious Diseases, and
Toxins. Bloomington: Xlibris corporation, 2002

Harakeh S, Jariwalla R, Pauling L: Suppression of human immunodeficien-
cy virus replication by ascorbate in chronically and acutely infected cells.
Proc Natl Acad Sci USA, 1990; 87: 7245-49

Cheng LL, Liu YY, Li B et al: An in vitro study on the pharmacological ascor-
bate treatment of influenza virus (abstract). Zhonghua Jie He He Hu Xi Za
Zhi, 2012; 35(7): 520-23

Schencking M, Vollbracht C, Weiss G et al: Intravenous vitamin C in the
treatment of shingles: results of a multicenter prospective cohort study.
Med Sci Monit, 2012; 18(4): CR215-24

Wintergerst ES, Maggini S, Hornig DH: Immune-enhancing role of vitamin C
and zinc and effect on clinical conditions. Ann Nutr Metab, 2006; 50: 85-94

Wintergerst ES, Maggini S, Hornig DH: Immune-enhancing role of vitamin C
and zinc and effect on clinical conditions. Ann Nutr Metab, 2006; 50: 85-94

Gerber WF: Effect of ascorbic acid, sodium salicylate and caffeine on the
serum interferon level in response to viral infection. Pharmacology, 1975;
13:228-33

Karpinska T, Kawecki Z, Kandefer-Szerszen M: The influence of ultraviolet
irradiation, L-ascorbic acid and calcium chloride on the induction of inter-
feron in human embryo fibroblasts. Arch Immunol Ther Exp (Warsz), 1982;
30: 33-37

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Mikirova N.A. et al.:
Effect of high dose vitamin C on Epstein-Barr viral infection
© Med Sci Monit, 2014; 20: 725-732

Mandl J, Szarka A, Banhegyi G: Vitamin C: update on physiology and phar-
macology. Br ) Pharmacol, 2009; 157(7): 1097-110

Mikirova NA, Casciari JJ, Taylor PR, Taylor P: Effect of high-dose intravenous
vitamin C on inflammation in cancer patients. J Transl Med, 2012; 10: 189

Mikirova NA, Rogers AM, Casciari JJ, Taylor P: Effect of high dose intrave-
nous ascorbic acid on the level of inflammation in patients with rheuma-
toid arthritis. Modern Res Infl, 2012; 1(2): 26-32

Furuya A, Uozaki M, Yamasaki H et al: Antiviral effects of ascorbic acid and
dehydroascorbic acids in vitro. Int ) Mol Med, 2008; 22: 541-45

White LA, Freeman CY, Forrester BD, Chappell WA: In vitro effect of ascorbic
acid on infectivity of herpeviruses and paramyxoviruses. J Clin Microbiol,
1986; 24(4): 527-31

Murata A, Oyadomari R, Ohashi T, Kitagawa K: Mechanism of inactivation
of bacteriophage deltaA containing single-stranded DNA by ascorbic acid.
J Nutr Sci Vitaminol (Tokyo), 1975; 21: 261-69

Bissell MJ, Hatie C, Farson DA et al: Ascorbic acid inhibits replication and
infectivity of avian RNA tumor virus. Cell Biol, 1980; 77(5): 2711-15

Johannsen EC, Schooley RT, Kaye KM: Epstein-Barr virus (infectious mono-
nucleosis). In: Mandell GL, Bennett JE, Dolin R (eds.), Principles and Practive
of Infectious Diseases. 6" ed. vol 2. Philadelphia (PA): Churchill Livingstone,
2005; 1801-21

Torre D, Tambini R: Acyclovir for treatment of infectious mononucleosis: a
meta-analysis. Scand J Infect Dis, 1999; 31: 543-47

Tynell E, Aurelius E, Brandell A et al: Acyclovir and prednisolone treatment
of acute infectious mononucleosis: a multicenter, double-blind, placebo-
controlled study. J Infect Dis, 1996; 174(2): 324-31

Yongjun Y, Maguire TG, Alwine JC: Human cytomegalovirus activates glu-
cose transporter 4 expression to increase glucose update during infection.
J Virol, 2011; 85(4): 1573-80

Rose RC: Transport of ascorbic acid and other water-soluble vitamins.
Biochim Biophys Acta, 1988; 947(2): 335-66

Vera JC, Rivas Cl, Fischbarg J, Golde DW: Mammalian facilitative hexose

transporters mediate the transport of dehydroascorbic acid. Nature, 1993;
364: 79-82

Vera JC, Rivas Cl, Velasquez FV et al: Resolution of the facilitated trans-
port of dehydroascorbic acid from its intracellular accumulation as ascor-
bic acid. ) Biol Chem, 1995; 270(40): 2370612

Gunville CF, Mourani PM, Ginde AA: The Role of Vitamin D in Prevention and
Treatment of Infection. Inflamm Allergy Drug Targets, 2013; 12(4): 239-45
Cantorna MT, Yu S, Bruce D: The paradoxical effects of vitamin D on type
1 mediated immunity. Mol Aspects Med, 2008; 29: 369-75

Beardb JA, Beardena A, Strikera R: Vitamin D and the anti-viral state. J Clin
Virol, 2011; 50(3): 194-200

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



