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Aflatoxin: does it contribute to an 
increase in HIV viral load?
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HIV infects cells of the immune system, 
resulting in an initial major drop in CD+ 
T cells and eventual depletion of these cells 
after a varying number of years, unless 
there is intervention with antiretroviral 
therapy (ART). A concomitant increase in 
HIV viral load and progression to AIDS 
occurs with depletion of CD4+ T cells. 
Our research among HIV-positive people 
in Ghana, West Africa, consistently shows 
an increase in HIV viral load in those with 
higher aflatoxin B

1
 (AFB

1
)-lysine adduct 

levels in their blood [1–3]. Although our 
studies have been ambidirectional or pro-
spective in design, so far we have assessed 
aflatoxin and viral load levels at recruitment 
[2], or have reported baseline aflatoxin and 
viral load levels [3]. We were careful in our 
latter study to recruit antiretroviral-naive 
HIV-positive people with high median and 
mean CD4 counts (median: 574 cells/µl 
of blood; mean ± standard deviation: 630 
± 277), so that the effect of HIV/AIDS-
related clinical conditions or opportunistic 
infections, and the use of ART, could be 
eliminated as possible factors contribut-
ing to the observed association between 
high aflatoxin levels and viral loads [3]. 
Therefore, we have to err on the side of 

caution and posit that aflatoxin contributes 
to increases in HIV viral load. Our results 
also indicate that the effects of aflatoxin 
on viral load occur early in HIV infection, 
even well before CD4+ T cells drop below 
500 cells/µl of blood.

Aflatoxin could be increasing HIV viral 
load by its action in immune suppression, 
by increasing the rate of HIV proviral 
DNA transcription, or by both of these 
mechanisms, as well as by some other 
mechanism(s). Although the molecular 
mechanism(s) of immunomodulation by 
aflatoxin and other mycotoxins has not yet 
been completely delineated, available evi-
dence suggests that immunosuppression by 
several mycotoxins occurs from inhibition 
of DNA, RNA and protein synthesis [4]. 
The AFB

1
-8,9-epoxide, which is formed 

from AFB
1
 by CYP450 oxidation, is highly 

reactive and can bind to DNA, RNA and 
proteins, forming adducts. Any alteration 
in nucleic acid structure caused by these 
adducts will impair DNA and RNA tem-
plate activity, resulting in inhibition of the 
nucleotides and, ultimately, protein syn-
thesis. Furthermore, AFB

1
-epoxide bind-

ing to proteins may affect structural as well 
as enzymatic protein functions. The cells 
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“...mycotoxins, the most potent of which being the 
aflatoxins, must be considered to feature 
prominently in HIV disease progression.”

“If aflatoxin is contributing to 
increases in HIV viral load, the full 
impact of antiretroviral therapy is 

not being and will not be 
attained.”
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of the immune system are continually proliferat-
ing and differentiating, and so are vulnerable to 
the immunomodulatory, primarily immunosup-
pressive, effects of the AFB

1
-epoxide. We have 

observed decreases in certain immune cell subsets 
(significantly lower percentages of CD4+ Tregs, 
perforin-expressing CD8+ T cells and B cells) in 
those with high AFB

1
-lysine adduct (AF-ALB) 

levels compared with those with low AF-ALB 
[1]. Impairments in these immune parameters 
could result in less effective control of HIV rep-
lication, resulting in increased viral load. We 
found that the HIV-positive group with high 
AF-ALB had the lowest percentage of Tregs of all 
groups, suggesting that there is a loss of Tregs in 
HIV-infected people with high AF-ALB. Tregs 
play a critical role in limiting immunopathology 
from persistent high-level immune stimulation 
in chronic viral infections [5]. Thus, the loss of 
Tregs may facilitate the immune hyperactiva-
tion associated with HIV and a high rate of viral 
replication. The lower percentage of perforin-
expressing CD8+ T cells found in HIV-infected 
people with high AF-ALB compared with those 
with low AF-ALB [1] indicates that the function 
of CD8+ T cells synthesizing perforin in killing 
HIV-infected cells is impaired in people with 
high AF-ALB. This could lead to higher HIV 
viral loads.

Many animal studies show that aflatoxin 
exerts its immunomodulatory effects by modu-
lating cytokine production by monocytes and 
macrophages [6]. A more recent study reported 
upregulation of expression of four proinflamma-
tory cytokines (TNF-α, IL-1b, IL-6 and IFN-γ) 
and a regulatory cytokine (IL-10) in the spleen 
of pigs exposed to aflatoxin in feed. IL-6 was 
shown to impair antigenic- but not mitogenic-
induced proliferation of lymphocytes to vaccina-
tion with ovalbumin, indicating that AFB

1
 expo-

sure decreases cell-mediated immunity, while 
inducing an inflammatory response [7]. Other 
researchers have shown that IL-6 prevents den-
dritic cell maturation [8] and that IL-10 inhibits 
the antigen-presenting function of macrophages 
and dendritic cells [9]. Thus, by keeping den-
dritic cells in an immature state, these cytokines 
could impair T-cell activation and the immune 
response. Several other studies conducted in 
animal and human monocytes/macrophages 
have shown that AFB

1
 suppressed macrophage 

phagocytic activity (reviewed in [10]).
The second mechanism by which AFB

1
 may 

increase HIV viral load is through increasing 

proviral DNA transcription. Yao et al. reported 
that AFB

1
 and two other toxicants, benzo[a]

pyrene (BaP) and 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD), significantly increased the 
chloramphenicol acetyltransferase reporter gene 
linked to the promoter sequences in the HIV-1 
long terminal repeat, thereby increasing the rate 
of proviral transcription [11]. Pokrovsky et al. [12] 
and Tsyrlov and Pokrovsky [13] had previously 
shown that TCDD increased infectious HIV-1 
titers in human lymphoid cell culture. However, 
Yao et al. found that AFB

1
 and BaP were more 

potent than TCDD in increasing CAT activity 
[11]. Although the mechanism by which AFB

1
 

increased HIV-1 transcription was not inves-
tigated, Yao et al. showed that induction of a 
functional CYP1A1 monooxygenase by TCDD 
was necessary to stimulate thiol-sensitive reac-
tive oxygen intermediates responsible for the 
TCDD-dependent activation of genes linked to 
the HIV-1 long terminal repeat [11]. AFB

1
 is not 

a polycyclic aromatic hydrocarbon like TCDD 
and BaP, but is similar to BaP in carcinogenic 
potency and ability to form guanine adducts in 
DNA. Thus, AFB

1
 and BaP may function simi-

larly to TCDD in increasing HIV-1 transcription 
and hence HIV viral load.

Aflatoxin may also indirectly contribute to 
HIV replication through its effect in decreasing 
micronutrient levels, as well as protein synthe-
sis and food conversion efficiency. Sub-Saharan 
Africans are disproportionately burdened by 
malnutrition and deficiencies of nutrients (such 
as vitamins A, B, C and E), which have been 
implicated in HIV transmission and progression, 
and death [14,15]. Micronutrient malnutrition fur-
ther impairs the immune system by suppressing 
immune function necessary for survival. We 
found significant inverse associations between 
vitamin A and E levels, and HIV viral load [16]. 
This suggests that aflatoxin exposure signifi-
cantly compromises the micronutrient status of 
people who are already facing overwhelming 
health problems associated with HIV infection. 
Vitamin A is a fat-soluble micronutrient that is 
essential for immunity, cellular differentiation, 
maintaining epithelial surfaces, growth, repro-
duction and vision. Vitamin E is also important 
in immune function, and low serum vitamin E 
was found to be associated with HIV disease pro-
gression in prospective studies [15]. Vitamin E is 
an antioxidant that reduces oxidative stress. High 
levels of oxidants in lymphocytes could lead to 
viral activation and an increase in HIV viral load.
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Aflatoxin may contribute to increases in HIV 
viral load through its significant role in liver 
injury. Aflatoxin targets the liver and induces 
injury to both the hepatic parenchyma and bil-
iary tract. In addition to the important func-
tion performed by the liver in metabolizing 
toxins, alcohol and drugs, the liver stores many 
essential nutrients, vitamins (e.g., A, D, E, K 
and B12) and minerals (e.g., iron and copper), 
some of which are also important in immune 
function. In addition, Kupffer cells (a type of 
fixed macrophage that lines the liver sinusoids) 
form an important part of the immune system 
in phagocytizing and digesting microorganisms 
and cell debris. Therefore, it is conceivable that 
by impairing liver function, aflatoxin could 
contribute to increases in HIV viral load. Liver 
injury in HIV-positive people may also result 
from hepatitis B or C infections, alcohol use, cer-
tain antiretroviral drugs [17] and other medica-
tions, such as antituberculosis drugs. Such liver 
injury would further compromise the ability of 
the hepatocytes to inactivate aflatoxin, leading to 
an increase in levels of the toxin and its harmful 
health effects.

Implications of an increase in HIV viral 
load by aflatoxin
Aflatoxin contamination of staple crops affects 
approximately 4.5 billion people living in 
developing countries of Africa, Asia and South 
America [18]. Coincidentally, progression to AIDS 
and death also occurs more rapidly among HIV-
infected people in these high aflatoxin-exposure 
countries than HIV-positive people living in 
the USA, Europe and Australia, where aflatoxin 
levels are strictly regulated [19]. Although several 
factors, such as poor nutritional status, higher lev-
els of infectious disease episodes, lack of prophy-
lactic treatment for opportunistic infections and 
exposure to other environmental toxins, could 
be contributing to the more rapid rate of HIV 
progression and AIDS in developing countries, 
mycotoxins, the most potent of which being the 
aflatoxins, must be considered to feature promi-
nently in HIV disease progression. The median 

time from HIV-1 seroconversion to clinical AIDS 
was 7.4 years in a group of Thai soldiers com-
pared with 11 years for HIV-positive individu-
als from Europe, North America and Australia 
[19]. The mean time from HIV seroconversion 
to clinical AIDS in a study conducted in West 
Africa ranged from 5 to 7.2 years depending on 
the HIV-1 subtype [20].

ART has been rolled out effectively in most 
developing countries with high aflatoxin expo-
sure levels. However, the number of people who 
need ART is staggering and difficult to meet. In 
2011, only approximately 56% of HIV-positive 
people who needed ART in developing coun-
tries received it. In addition, new HIV infec-
tions occur daily (2.5 million in 2011, 1.8 mil-
lion of which occurred in sub-Saharan Africa), 
thereby increasing the pool of people who will 
continue to need ART. Furthermore, even in 
the era of ART, 1.7 million people died of AIDS 
in low- and middle-income countries in 2011 
[21]. If aflatoxin is contributing to increases in 
HIV viral load, the full impact of ART is not 
being and will not be attained. In fact, ART 
may be of little benefit to those most affected by 
exposure to high levels of aflatoxin. Since high 
HIV viral load translates into greater risk of 
HIV transmission, if WHO’s targets of reduc-
ing new HIV infections by 50% and reduc-
ing HIV-related deaths by 25% by 2015 [22] 
are to be achieved, region- or country-specific 
problems associated with HIV infection and 
progression must be addressed. Aflatoxin expo-
sure in HIV infected people is one such major 
problem!

Financial & competing interests disclosure
The author has no relevant affiliations or financial involve-
ment with any organization or entity with a financial inter-
est in or financial conflict with the subject matter or materi-
als discussed in the manuscript. This includes employment, 
consultancies, honoraria, stock ownership or options, expert 
testimony, grants or patents received or pending, or 
royalties.

No writing assistance was utilized in the production of 
this manuscript.

References
1 Jiang Y, Jolly PE, Preko P et al. Aflatoxin-

related immune dysfunction in health and in 
human immunodeficiency virus disease. Clin. 
Dev. Immunol. 2008, 790309 (2008).

2 Jolly PE, Shuaib FM, Jiang Y et al. 
Association of high viral load and 

abnormal liver function with high 
af latoxin B1-albumin adduct levels in 
HIV-positive Ghanaians: preliminary 
observations. Food Addit. Contam. Part A 
Chem. Anal. Control Expo. Risk Assess. 28, 
1224–1234 (2011).

3 Jolly PE, Inusah S, Lu B et al. Association 
between high aflatoxin B1 levels and high 

viral load in HIV positive people. World 
Mycotoxin J. 6, 255–261 (2013).

4 Yu FL. Studies on the mechanism of aflatoxin 
B1 inhibition of rat liver nucleolar RNA 
synthesis. J. Biol. Chem. 256, 3292–3297 
(1981).

5 Sakaguchi S. Control of immune responses by 
naturally arising CD4+ regulatory T cells that 



Future Microbiol. (2014) 9(2)124

EDitORial Jolly 

future science group

express Toll-like receptors. J. Exp. Med. 197, 
397–401 (2003).

6 Dugyala RR, Sharma RP. The effect of 
aflatoxin B1 on cytokine mRNA and 
corresponding protein levels in peritoneal 
macrophages and splenic lymphocytes. Int. J. 
Immunopharmacol. 18, 599–608 (1996).

7 Meissonnier GM, Pinton P, Laffitte J et al. 
Immunotoxicity of aflatoxin B1: impairment 
of the cell-mediated response to vaccine 
antigen and modulation of cytokine 
expression. Toxicol. Appl. Pharmacol. 231, 
142–149 (2008).

8 Park SJ, Nakagawa T, Kitamura H et al. IL-6 
regulates in vivo dendritic cell differentiation 
through STAT3 activation. J. Immunol. 173, 
3844–3854 (2004).

9 Gualde N. Pivotal role of PGE2 and IL-10 in 
the cross-regulation of dendritic cell-derived 
inflammatory mediators. Cell. Mol. Immunol. 
3, 271-277 (2006).

10 Jolly PE, Jiang Y, Ellis WO et al. Modulation 
of the human immune system by aflatoxin. 
In: Mycotoxins: Detection Methods, 
Management, Public Health and Agricultural 
Trade. Leslie J, Bandyopadhyay R, Visconti A 
(Eds). CAB International, Wallingford, UK, 
41–52 (2008).

11 Yao Y, Hoffer A, Chang CY, Puga A. Dioxin 
activates HIV-1 gene expression by an 
oxidative stress pathway requiring a 
functional cytochrome P450 CYP1A1 
enzyme. Environ. Health Perspect. 103, 
366–371 (1995).

12 Pokrovsky AG, Cherykh AI, Yastrebova ON, 
Tsyrlov IB. 2,3,7,8-Tetrachlorodibenzo-P-
dioxin as a possible activator of HIV 
infection. Biochem. Biophys. Res. Commun. 
179, 46–51 (1991).

13 Tsyrlov IB, Pokrovsky A. Stimulatory effect of 
the CYP1A1 inducer 
2,3,7,8-tetrachlorodibenzo-p-dioxin on the 
reproduction of HIV-1 in human lymphoid 
cell culture. Xenobiotica 23, 457–467 (1993).

14 Fawzi W. Micronutrients and human 
immunodeficiency virus type 1 disease 
progression among adults and children. Clin. 
Infect. Dis. 37(Suppl. 2), S112–S116 (2003).

15 Tang AM, Graham NM, Semba RD, Saah 
AJ. Association between serum vitamin A and 
E levels and HIV-1 disease progression. AIDS 
11, 613–620 (1997).

16 Obuseh FA, Jolly PE, Kulczycki A et al. 
Aflatoxin levels, plasma vitamins A and E 
concentrations, and their association with 
HIV and hepatitis B virus infections in 

Ghanaians: a cross-sectional study. J. Int. 
AIDS Soc. 14, 53 (2011).

17 Soriano V, Puoti M, Garcia-Gasco P et al. 
Antiretroviral drugs and liver injury. AIDS 
22, 1–13 (2008).

18 Williams JH, Phillips TD, Jolly PE et al. 
Human aflatoxicosis in developing countries: 
a review of toxicology, exposure, potential 
health consequences, and interventions. Am. 
J. Clin. Nutr. 80, 1106–1122 (2004).

19 Rangsin R, Chiu J, Khamboonruang C et al. 
The natural history of HIV-1 infection in 
young Thai men after seroconversion. J. 
Acquir. Immune Defic. Syndr. 36, 622–629 
(2004).

20 Palm AA, Esbjornsson J, Mansson F et al. 
Faster progression to AIDS and AIDS-related 
death among seroincident individuals infected 
with recombinant HIV-1 A3/CRF02_AG 
compared with sub-subtype A3. J. Infect. Dis. 
doi:10.1093/infdis/jit416 (2013) (Epub ahead 
of print).

21 Global Report: UNAIDS Report on the Global 
AIDS Epidemic 2012. Joint United Nations 
Programme on HIV/AIDS, Geneva, 
Switzerland (2012).

22 Global Health Sector Stategy on HIV/AIDS 
2011–2015. WHO, Geneva, Switzerland (2011).


