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Preventing HIV infection 
without targeting the virus: how reducing 
HIV target cells at the genital tract is a new 
approach to HIV prevention
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Abstract 

For over three decades, HIV infection has had a tremendous impact on the lives of individuals and public health. 
Microbicides and vaccines studies have shown that immune activation at the genital tract is a risk factor for HIV infec-
tion. Furthermore, lower level of immune activation, or what we call immune quiescence, has been associated with a 
lower risk of HIV acquisition. This unique phenotype is observed in highly-exposed seronegative individuals from dif-
ferent populations including female sex workers from the Pumwani cohort in Nairobi, Kenya. Here, we review the link 
between immune activation and susceptibility to HIV infection. We also describe a new concept in prevention where, 
instead of targeting the virus, we modulate the host immune system to resist HIV infection. Mimicking the immune 
quiescence phenotype might become a new strategy in the toolbox of biomedical methods to prevent HIV infection.
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Background
According to the latest UNAIDS report, 36.7 million 
people are living with HIV/AIDS worldwide. Despite 
the development of new antiretroviral drugs and better 
access to care and prevention programs, the number of 
new HIV cases has remained over 2 million per annum 
over the past 10 years with a very slow rate of decline [1]. 
Clearly, existing prevention methods are not sufficient 
and new approaches are required. However, to develop 
new biomedical prevention methods, we need a better 
understanding of the factors driving susceptibility to HIV 
infection.

Learning from the past
Immune activation and susceptibility to HIV infection
Mucosal surfaces of the genital and gastrointestinal tracts 
are the major routes of entry of HIV. In general, the pres-
ence of a pathogen leads to recruitment and activation 
of immune cells at the site of infection leading to the 
elimination of the pathogen. In the case of HIV infection, 
this recruitment and cell activation serves to increase 
the number of HIV target cells thereby actually facilitat-
ing the establishment of an infection. As such, increased 
immune activation is considered an important risk factor 
for acquiring HIV [2].

The presence of sexually transmitted infections (STIs) 
is associated with susceptibility to HIV infection [3, 
4]. This increased risk is due to the presence of micro-
lesions caused by the pathogen, which may facilitate HIV 
entry, or by the recruitment of activated immune cells 
to the site of infection, which increases the pool of HIV 
target cells [5]. For instance, infection by Neisseria gonor-
rhoea elicits a Th17 response [6] that is associated with 
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an influx of neutrophils and a pro-inflammatory milieu 
[7]. This response aims to destroy Neisseria gonorrhoea 
infection. However, as Th17 T cells are highly susceptible 
to HIV infection, this fight against gonorrhoea increases 
the susceptibility to HIV infection [8]. Likewise, bacte-
rial vaginosis (BV) increases the risk of acquiring HIV 
by 60%. BV increases the expression of IL-1α, IL-1β and 
TNF-α at the genital mucosa [9] which helps HIV repli-
cation. Herpes simplex virus-2 is associated with a sig-
nificant increase in the frequency of mucosal HIV target 
cells (CD4+ CCR5+ T cells) [10]. Overall, studies have 
demonstrated that the immune fight against STIs modi-
fies the genital milieu toward an inflammatory environ-
ment, which increases susceptibility to HIV.

Over the last 20 years, different microbicides have been 
tested to prevent HIV infection. However, most micro-
bicide studies failed to prevent HIV infection and worse, 
some increased the risk of infection. The best known 
failed microbicide was the nonoxynol-9 (N-9). The gel 
did not reduce the rate of STIs rather showed that N-9 
increases genital lesions and the risk of gonorrhoeal and 
HIV infection [11]. Later, it was shown that N-9 causes 
cervical epithelium damage [12] and increases the 
expression of pro-inflammatory cytokines/chemokines 
such as MCP-1, IL-8, RANTES, IL-12, L-selectin and 
VCAM [13]; as well as promoting HIV transmission 
through interleukin mediated NF-ϰB activation [14].

More recently, the CAPRISA 004 clinical trial analysed 
the efficacy of a 1% tenofovir gel formulation used before 
and after sexual intercourse. Overall, the study showed 
a 39% reduction in HIV infections and a 54% reduc-
tion was observed among the women who showed high 
adherence to the study protocol [15]. Interestingly, it was 
also observed that, independent of the study arm, higher 
risk of sero-conversion was associated with pre-existing 
mucosal immune activation [16]. Masson et  al. showed 
that later sero-conversion was associated with increased 
expression of IL-8, MIP-1α, MIP-1β and interferon γ 
inducible protein (IP)-10 in the vaginal milieu [17] in 
samples obtained prior to HIV infection, and concluded 
that an existing inflammatory environment was associ-
ated with an increased risk of HIV acquisition.

Further evidence that pre-existing immune activation 
is a risk factor for HIV infection comes from the vac-
cine field. The STEP trial tested the efficacy of a DNA-
based prime boost vaccine—MRK AD5® HIV-1 Gag/Pol/
Nef. The study enrolled 3000 HIV-negative participants 
at high risk of HIV infection. Results showed that, after 
vaccination, risk of infection was associated with prior 
Ad5 sero-positivity and lack of circumcision. Detailed 
immune analyses showed that seroconversion was asso-
ciated with elevated levels of non-specific IFNγ stimu-
lation (i.e. immune activation) [18, 19]. Together the 

N-9, CAPRISA 004 microbicide and STEP vaccine trial 
show that immune activation is strongly associated with 
increased susceptibility to HIV infection (Fig.  1). This 
relationship must be taken into account to develop an 
efficient preventative vaccine/microbicide.

Preventing inflammation is protective
In the last section, we highlighted some studies that 
demonstrated that inflammation is associated with an 
increased the risk of HIV infection. However, what is the 
evidence that preventing inflammation is protective? Are 
there human examples that support a low immune acti-
vation environment is more resistant to HIV infection?

Learning from HIV exposed sero‑negative (HESN) 
individuals
Despite being at high risk of infection, some individuals 
remain HIV uninfected. Known as HIV-exposed sero-
negatives (HESN), groups of female sex workers (FSWs), 
HIV discordant couples, children born to HIV infected 
mothers and men who have sex with men (MSM) exhibit 
natural protection against HIV infection [2, 20–22]. One 
such HESN group is a group of FSWs from the Pumwani 
cohort in Nairobi, Kenya who have been extensively stud-
ied over the last 30  years. We demonstrated that HIV 
uninfected women enrolled in this cohort for a period 
of 7 years or more had a reduced risk of acquiring HIV 
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Fig. 1  A model of the relationship between immune activation/
inflammation and HIV-1 infection. Immune activation and a pro-
inflammatory state drive HIV-1 acquisition and infection
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[23]. Recently, McKinnon et  al. showed that while HIV 
prevalence in Nairobi has drastically decreased, statisti-
cal modelling analysis indicates 23% reduction in risk 
of sero-conversion for each year of sex work [24]. Those 
women represent an extreme phenotype of HESN.

HESNs in this Nairobi cohort have reduced gene 
expression in the T cell receptor-signalling pathway, 
which is crucial to T cell activation [25, 26]. Furthermore, 
non-stimulated peripheral blood mononuclear cells iso-
lated from HESNs expressed lower levels of IL-1β, IL-6 
and TNF cytokines compared to susceptible individuals 
[25]. Card et  al. showed HESNs displayed significantly 
lower proportion of activated T cells (CD4+ CD69+ and 
CD8+ CD69+) and higher levels of T regulatory cells 
(CD4+ CD25+ FOXP3+) when compared to the HIV-
negative controls [27]. At the genital tract, HESNs have 
lower levels of inflammatory chemokines such as CCL9, 
IL-1α, and CCL10 [28] and higher levels of innate anti-
inflammatory antiproteases [29]. This unique phenotype 

of lower baseline T cell activation was named immune 
quiescence (IQ) (Fig. 2).

This IQ phenotype has also been observed among 
HESNs from other cohorts. In the Amsterdam Cohort 
Studies, it was shown that HESNs had lower propor-
tions of systemic CD4+ CCR5+ T cells. [30]. HESNs 
from Côte d’Ivoire had lower expression of CD69+ on 
memory T cells and significantly lower expression of pro-
inflammatory cytokines [31]. More recently, it was shown 
that HESNs from a cohort of FSWs in Benin had higher 
levels of mucosal tolerogenic myeloid cells, higher levels 
of regulatory T cells [32] and reduced mucosal levels of 
TNF-α and IFN-γ in HESNs [33].

Overall, these findings suggest that natural protec-
tion against HIV infection is associated with a lower 
immune activation state. It is important to mention that 
IQ correlates with a lower baseline of T cells activation, 
but not with immunosuppression. Indeed, the Amster-
dam Cohort Study indicated that this low state of T cell 
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Fig. 2  Schematic representation of the immune quiescence phenotype observed at the mucosal compartment in HESN from the Pumwani sex 
worker cohort
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activation does not hinder the ability of the immune sys-
tem to respond to pathogens [30].

So far we have provided evidence that genital inflam-
mation is a risk factor for HIV infection, and that models 
of natural protection display a quiescent immune envi-
ronment. Is it possible to induce this IQ phenotype?

The future of HIV prevention: inducing immune 
quiescence?
In order to reduce levels of immune activation, we 
explored the possibility of using safe, affordable, non-
stigmatizing and globally accessible anti-inflammatory 
drugs to induce an immune quiescent phenotype simi-
lar to the one observed in HESN. To address this we 
conducted a pilot study to investigate the ability of low 
doses of daily-administered hydroxychloroquine (HCQ) 
(200 mg/day) or acetylsalicylic acid (ASA) (81 mg/day) to 
induce this T cell IQ phenotype systemically and at the 
mucosal level (Register #NCT02079077, ethics approved 
by Universities of Manitoba and Nairobi). Preliminary 
analysis indicates that there was a reduction in the pro-
portion of HIV target cells at the genital tract similar to 
levels observed in the HESN cohort (eposter #P06.05 
and P19.25 presented at HIV R4P 2016, Chicago, USA; 
unpublished data). Further studies are required to deter-
mine the mechanism of the effect of ASA, including on 
innate immune cells, and to assess if that level of HIV tar-
get cell reduction is indeed protective. Importantly, our 
study does provide evidence that it is possible to reduce 
the level of HIV targets cells at the genital tract using 
anti-inflammatory drugs.

Reducing HIV target cells at the genital tract is a new 
concept in HIV prevention. It uses safe and globally 
accessible drugs that are not associated with HIV pre-
vention and, therefore, are not stigmatizing, which is 
a problem encountered with the current pre-exposure 
prophylaxis (PrEP) using anti-retroviral drugs. Another 
advantage is that this approach does not target the virus; 
therefore, viral mutation is unlikely to provide escape 
variants. Care must be taken to ensure that reducing 
inflammation does not increase the risk of acquiring 
other infections. However, to date there is no evidence 
that the hundreds of thousands of people taking HCQ 
and ASA for long-term prevention of inflammatory and 
cardiovascular conditions, respectively, are more suscep-
tible to infections.

While reducing inflammation to decrease HIV target 
cells in the genital tract would not be the primary HIV 
prevention approach for all at-risk individuals, it could 
provide an additional tactic among some individuals that 
could be used alone or in conjunction with other behav-
ioural and biomedical prevention approaches such as 
microbicides or vaccines. Providing at-risk individuals, 

especially women, with a wider selection of safe and 
effective HIV prevention tools that they control, and are 
comfortable with, is a goal we must reach if we are to 
significantly decrease the HIV incidence rates that have 
stagnated over the last decade of the HIV pandemic.

Abbreviations
HIV: human immunodeficiency virus; HESN: highly-exposed seronegative; 
AIDS: acquired immuno-deficiency syndrome; BV: bacterial vaginosis; N-9: 
nonoxynol-9; STI: sexually transmitted infections; CS: cellulose sulphate; IP: 
interferon γ inducible protein; GML: glycerol monolaurate; SIV: simian immu-
nodeficiency virus; DNA: deoxyribonucleic acid; FSW: female sex worker; IQ: 
immune quiescence; IRF-1: interferon regulatory factor-1; PrEP: pre-exposure 
prophylaxis; CIHR: Canadian Institute of Health Research.

Authors’ contributions
JL wrote the manuscript. LM offered writing support and KF offered writing 
support and is the principal investigator. All authors read and approved the 
final manuscript.

Author details
1 Department of Medical Microbiology and Infectious Diseases, University 
of Manitoba, 539‑745 Bannnatyne Avenue, Winnipeg, MB R2N 1V3, Canada. 
2 Department Medical Microbiology, University of Nairobi, Nairobi, Kenya. 
3 Department of Community Health Science, University of Manitoba, Win-
nipeg, Canada. 

Acknowledgements
Thanks to the participants of the Pumwani sex worker cohort and Inducing 
Immune Quiescence study. Funding support was provided from a grant from 
Canadian Institutes of Health Research (OCH #126275) (KF) and S5 386-01 
from Grand Challenge Canada (JL).

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The Immune Quiescence study was approved by both the University of 
Nairobi and University of Manitoba ethic board. Written consent was obtained 
for all the participants.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 22 March 2017   Accepted: 11 August 2017

References
	1.	 UNAIDS. Global aids up date 2016; 2016. p. 1–16.
	2.	 Card CM, Ball TB, Fowke KR. Immune quiescence: a model of protection 

against HIV infection. Retrovirology. 2013;10:141.
	3.	 Corbett EL, Steketee RW, ter Kuile FO, Latif AS, Kamali A, Hayes RJ. HIV-1/

AIDS and the control of other infectious diseases in Africa. Lancet. 
2002;359:2177–87.

	4.	 Johnson CC, Jones EH, Goldberg M, Asbel LE, Salmon ME, Waller CL. 
Screening for Chlamydia trachomatis and Neisseria gonorrhoeae among 



Page 5 of 5Lajoie et al. AIDS Res Ther  (2017) 14:46 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

adolescents in Family Court, Philadelphia, Pennsylvania. Sex Transm Dis. 
2008;35:S24–7.

	5.	 Plummer FA. Heterosexual transmission of human immunodeficiency 
virus type 1 (HIV): interactions of conventional sexually transmitted 
diseases, hormonal contraception and HIV-1. AIDS Res Hum Retrovir. 
1998;14(Suppl 1):S5–10.

	6.	 Feinen B, Jerse AE, Gaffen SL, Russell MW. Critical role of Th17 responses 
in a murine model of Neisseria gonorrhoeae genital infection. Mucosal 
Immunol. 2010;3:312–21.

	7.	 Liu Y, Feinen B, Russell MW. New concepts in immunity to Neisseria gonor-
rhoeae: innate responses and suppression of adaptive immunity favor the 
pathogen, not the host. Front Microbiol. 2011;2:52.

	8.	 Elhed A, Unutmaz D. Th17 cells and HIV infection. Curr Opin HIV AIDS. 
2010;5:146–50.

	9.	 Masson L, Mlisana K, Little F, Werner L, Mkhize NN, Ronacher K, et al. 
Defining genital tract cytokine signatures of sexually transmitted infec-
tions and bacterial vaginosis in women at high risk of HIV infection: a 
cross-sectional study. Sex Transm Infect. 2014;90:580–7.

	10.	 Rebbapragada A, Wachihi C, Pettengell C, Sunderji S, Huibner S, Jaoko W, 
et al. Negative mucosal synergy between Herpes simplex type 2 and HIV 
in the female genital tract. AIDS. 2007;21:589–98.

	11.	 Richardson BA, Lavreys L, Martin HL, Stevens CE, Ngugi E, Mandaliya K, 
et al. Evaluation of a low-dose nonoxynol-9 gel for the prevention of 
sexually transmitted diseases: a randomized clinical trial. Sex Transm Dis. 
2001;28:394–400.

	12.	 Lozenski K, Ownbey R, Wigdahl B, Kish-Catalone T, Krebs FC. Decreased 
cervical epithelial sensitivity to nonoxynol-9 (N-9) after four daily applica-
tions in a murine model of topical vaginal microbicide safety. BMC 
Pharmacol Toxicol. 2012;13:9.

	13.	 Zhong M, He B, Yang J, Bao R, Zhang Y, Zhou D, et al. L-selectin and 
P-selectin are novel biomarkers of cervicovaginal inflammation for pre-
clinical mucosal safety assessment of anti-HIV-1 microbicide. Antimicrob 
Agents Chemother. 2012;56:3121–32.

	14.	 Fichorova RN, Tucker LD, Anderson DJ. The molecular basis of non-
oxynol-9-induced vaginal inflammation and its possible relevance 
to human immunodeficiency virus type 1 transmission. J Infect Dis. 
2001;184:418–28.

	15.	 Abdool Karim Q, Abdool Karim SS, Frohlich JA, Grobler AC, Baxter C, 
Mansoor LE, et al. Effectiveness and safety of tenofovir gel, an antiretro-
viral microbicide, for the prevention of HIV infection in women. Science. 
2010;329:1168–74.

	16.	 Naranbhai V, Abdool Karim SS, Altfeld M, Samsunder N, Durgiah R, Sibeko 
S, et al. Innate immune activation enhances hiv acquisition in women, 
diminishing the effectiveness of tenofovir microbicide gel. J Infect Dis. 
2012;206:993–1001.

	17.	 Passmore J-AS, Jaspan HB, Masson L. Genital inflammation, immune 
activation and risk of sexual HIV acquisition. Curr Opin HIV AIDS. 
2016;11:156–62.

	18.	 Duerr A, Huang Y, Buchbinder S, Coombs RW, Sanchez J, del Rio C, et al. 
Extended follow-up confirms early vaccine-enhanced risk of HIV acquisi-
tion and demonstrates waning effect over time among participants in a 
randomized trial of recombinant adenovirus HIV vaccine (Step Study). J 
Infect Dis. 2012;206:258–66.

	19.	 Huang Y, Duerr A, Frahm N, Zhang L, Moodie Z, De Rosa S, et al. Immune-
correlates analysis of an HIV-1 vaccine efficacy trial reveals an association 

of nonspecific interferon-γ secretion with increased HIV-1 infection risk: a 
cohort-based modeling study. PLoS ONE. 2014;9:e108631-11.

	20.	 Piacentini L, Fenizia C, Naddeo V, Clerici M. Not just sheer luck! Immune 
correlates of protection against HIV-1 infection. Vaccine. 2008;26:3002–7.

	21.	 Horton RE, McLaren PJ, Fowke K, Kimani J, Ball TB. Cohorts for the study 
of HIV-1-exposed but uninfected individuals: benefits and limitations. J 
Infect Dis. 2010;202(Suppl 3):S377–81.

	22.	 Mackelprang RD, Baeten JM, Donnell D, Celum C, Farquhar C, de Bruyn 
G, et al. Quantifying ongoing HIV-1 exposure in HIV-1-serodiscordant 
couples to identify individuals with potential host resistance to HIV-1. J 
Infect Dis. 2012;206:1299–308.

	23.	 Fowke KR, Nagelkerke NJ, Kimani J, Simonsen JN, Anzala AO, Bwayo JJ, 
et al. Resistance to HIV-1 infection among persistently seronegative 
prostitutes in Nairobi, Kenya. Lancet. 1996;348:1347–51.

	24.	 McKinnon LR, Izulla P, Nagelkerke N, Munyao J, Wanjiru T, Shaw SY, et al. 
Risk factors for HIV acquisition in a prospective Nairobi-based female sex 
worker cohort. AIDS Behav. 2015;19:2204–13.

	25.	 McLaren PJ, Ball TB, Wachihi C, Jaoko W, Kelvin DJ, Danesh A, et al. 
HIV-exposed seronegative commercial sex workers show a quiescent 
phenotype in the CD4+ T cell compartment and reduced expression of 
HIV-dependent host factors. J Infect Dis. 2010;202:S339–44.

	26.	 Songok EM, Luo M, Liang B, Mclaren P, Kaefer N, Apidi W, et al. Microar-
ray analysis of HIV resistant female sex workers reveal a gene expression 
signature pattern reminiscent of a lowered immune activation state. PLoS 
ONE. 2012;7:e30048.

	27.	 Card CM, McLaren PJ, Wachihi C, Kimani J, Plummer FA, Fowke KR. 
Decreased immune activation in resistance to HIV-1 infection is associ-
ated with an elevated frequency of CD4(+)CD25(+)FOXP3(+) regulatory 
T cells. J Infect Dis. 2009;199:1318–22.

	28.	 Lajoie J, Juno J, Burgener A, Rahman S, Mogk K, Wachihi C, et al. A distinct 
cytokine and chemokine profile at the genital mucosa is associated with 
HIV-1 protection among HIV-exposed seronegative commercial sex 
workers. Mucosal Immunol. 2012;5:277–87.

	29.	 Burgener A, Rahman S, Ahmad R, Lajoie J, Ramdahin S, Mesa C, et al. 
Comprehensive proteomic study identifies serpin and cystatin anti-
proteases as novel correlates of HIV-1 resistance in the cervicovaginal 
mucosa of female sex workers. J Proteome Res. 2011;10:5139–49.

	30.	 Koning FA, Otto SA, Hazenberg MD, Dekker L, Prins M, Miedema F, et al. 
Low-level CD4+ T cell activation is associated with low susceptibility to 
HIV-1 infection. J Immunol. 2005;175:6117–22.

	31.	 Jennes W, Evertse D, Borget M-Y, Vuylsteke B, Maurice C, Nkengasong JN, 
et al. Suppressed cellular alloimmune responses in HIV-exposed seron-
egative female sex workers. Clin Exp Immunol. 2006;143:435–44.

	32.	 Thibodeau V, Fourcade L, Labbé A-C, Alary M, Guédou F, Poudrier J, et al. 
Highly-exposed HIV-1 seronegative female commercial sex workers sus-
tain in their genital mucosa increased frequencies of tolerogenic myeloid 
and regulatory T-cells. Sci Rep. 2017;7:43857.

	33.	 Lajoie J, Poudrier J, Massinga-Loembe M, Guédou F, Agossa-Gbenafa C, 
Labbé A-C, et al. Differences in immunoregulatory cytokine expres-
sion patterns in the systemic and genital tract compartments of 
HIV-1-infected commercial sex workers in Benin. Mucosal Immunol. 
2008;1:309–16.


	Preventing HIV infection without targeting the virus: how reducing HIV target cells at the genital tract is a new approach to HIV prevention
	Abstract 
	Background
	Learning from the past
	Immune activation and susceptibility to HIV infection
	Preventing inflammation is protective

	Learning from HIV exposed sero-negative (HESN) individuals
	The future of HIV prevention: inducing immune quiescence?

	Authors’ contributions
	References




