
Is HIV post-exposure prophylaxis required following
occupational exposure to a source patient who is
virologically suppressed on antiretroviral therapy?
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Following the recent publication of the US guidelines on
the management of occupational exposure to HIV and
post-exposure prophylaxis (PEP) [1], a review of UK guide-
lines has taken place by the Department of Health Expert
Advisory Group on AIDS. In particular, the US guidance is
at odds with that in the UK with regard to what to do
following exposure to a source patient with an undetect-
able plasma HIV viral load. The US guidance states that this
does not eliminate the possibility of HIV transmission nor
the need for PEP and follow-up testing [1]. The guidelines
acknowledge that the risk of transmission in this setting is
thought to be very low but advocate that PEP should still
be offered where it would not be in the UK. But what are
the risks and are these quantifiable?

Our understanding of HIV transmission following occu-
pational exposure comes from more than 20 longitudinal
studies [2]. The average risk of transmission associated
with percutaneous exposures is 0.32% and that associated
with mucosal exposure is an order of magnitude less [3]. A
number of factors have been associated with an increased
risk of transmission and these include a deep penetrating
injury, a blood-stained device and injury from a terminally
ill source patient. It is assumed that these are all surrogate
markers of the magnitude of the viral inoculum, more virus
meaning more risk [3]. However, the use of zidovudine
after exposure has been associated with a reduced risk of
transmission. There is a wealth of literature from treatment
guidelines which demonstrate that cART is more effective
than monotherapy [4,5]. Furthermore, it would be impos-
sible (because of the low numbers of endpoints) and
unethical to perform a randomized controlled trial of any
intervention following occupational exposure. We are
therefore reliant on extrapolating from data from animal

models and from other scenarios such as sexual or mother-
to-child transmission (MTCT) of HIV.

The US guidelines base their conclusion on the knowl-
edge that plasma viral load reflects only the level of cell-
free virus in the peripheral blood and that the persistence
of HIV in latently infected cells, despite cART, is well
described [5,6]. Viral genetic material is found within these
cells as integrated proviral DNA and as episomal circular
DNA [7]. Although only a small proportion of proviral
DNA is intact (much of it containing deletions and areas
of hypermutation), it is clearly capable of productive rep-
lication as seen on cessation of cART associated with
virological rebound [7]. In a monkey model of simian
immunodeficiency virus (SIV) infection, cell-associated
SIV was found to be an efficient means of HIV transmis-
sion by the intravenous route [8]. Indeed, as few as only
two SIV-infected peripheral blood mononuclear cells were
required to establish infection. In the same model, cell-
associated virus was found to be less efficient in vaginal
transmission [8].

The US guidelines also make reference to cases of HIV
transmission that have been described from exposure to a
source person who had an undetectable viral load in cases
of sexual transmission [9] and MTCT [10]. The case cited of
sexual transmission appears to be unique and controver-
sial. There is an increasing wealth of data showing that
antiretroviral therapy reduces sexual transmission: from
the now famous ‘Swiss Statement’ claiming that an indi-
vidual with completely suppressed viraemia is not sexually
infectious [11], to the results of the HIV Prevention Trials
Network 052 trial that demonstrated unequivocally that
cART substantially lowers the probability of HIV transmis-
sion in serodiscordant couples, research earning Science
journal’s 2011 ‘breakthrough of the year’ honour [12]. Data
from the PARTNER study confirming similar findings in
men who have sex with men (MSM) have also recently
been presented [13]. The risk of HIV acquisition per coital
act is largely influenced by the viral load of the HIV-
infected partner, although the majority of these data are
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from African heterosexual couples [14]. However, the lower
threshold at which risk disappears has not been established.
A potential mechanism by which sexual transmission,
in the absence of plasma viraemia, could occur is the
compartmentalization of HIV. HIV RNA has been shown to
be present in seminal fluid or vaginal secretions despite
suppressive cART [15–17]. An alternative hypothesis is that
cell-associated HIV DNA in genital fluid could be capable
of transmission. Indeed, in an explanted colonic model of
mucosal transmission, cell-associated virus has been dem-
onstrated to be a more effective means of mucosal infec-
tion than free virus [18]. Whether this occurs in vivo is not
clear. Perhaps for this reason, PEP remains recommended
following the highest risk of sexual exposure (unprotected
receptive anal sex) even when the sexual partner has an
undetectable viral load [19].

MTCT has undoubtedly occurred in spite of virological
suppression on cART at the time of birth [10]. In the French
case−control study cited in the guidelines, all pregnant
mothers had a viral load of < 500 HIV-1 RNA copies/mL at
birth but the transmission cases were less likely to be on
cART at the time of conception or virologically suppressed
at earlier time-points during pregnancy than controls [10].
This study highlights the need for early and sustained
virological suppression during pregnancy but provides no
insight as to when or how MTCT happened in these cases.
A possible explanation could lie in the presence of cell-
associated HIV DNA in the genital tract. When antenatal
cervicovaginal specimens are examined for the presence of
HIV cell-associated DNA, levels of this have been shown to
be independently associated with the rate of vertical trans-
mission [20]. More recently, cell-associated virus has also
been implicated in HIV transmission in breast milk and
indeed is more important for early postpartum HIV-1 trans-
mission (at 6 weeks) than cell-free virus [21].

The one important question not addressed in either UK or
US guideline is that of the reliability of an ‘undetectable’
HIV viral load. Using sensitive assays, plasma HIV RNA can
be detected in up to 80% of treated patients with HIV RNA
< 50 copies/mL who are labelled as ‘undetectable’ [22]. The
majority of studies show that this virus does not evolve but
that full-length genomes can be cloned from plasma and
shown to be replication-competent in culture [23]. Clearly,
in cases of occupational exposure from a virologically
suppressed individual with such low-level viraemia, the
viral inoculum would be vanishingly small (if any) but the
amount of virus required to establish infection is unknown.
However, single-genome analysis of acute infections has
revealed that the majority of HIV infections have evidence
of productive clinical infection by only a single virus [24].

In summary, the data suggest that the risk of HIV trans-
mission from virologically suppressed individuals on cART

is extremely low (even assuming a significant injury) and
this is likely to be outweighed by the potential risks asso-
ciated with PEP. HIV cell-associated DNA might be a source
of virus transmission in these individuals, but compelling
data are lacking and require extrapolation from very dif-
ferent transmission scenarios. A panel of experts felt that a
thorough review of the literature reveals no new data at
this time to warrant a change in the UK guidance to bring
it in line with that of the USA.

References

1 Kuhar DT, Henderson DK, Struble KA et al. Updated US

Public Health Service guidelines for the management of

occupational exposures to human immunodeficiency virus

and recommendations for postexposure prophylaxis. Infect

Control Hosp Epidemiol 2013; 34: 875–892.

2 Henderson DK. Management of needlestick injuries: a house

officer who has a needlestick. JAMA 2012; 307: 75–84.

3 Cardo DM, Culver DH, Ciesielski CA et al. A case-control

study of HIV seroconversion in health care workers after

percutaneous exposure. Centers for Disease Control and

Prevention Needlestick Surveillance Group. N Engl J Med

1997; 337: 1485–1490.

4 Williams I, Churchill D, Anderson J et al. British HIV

Association guidelines for the treatment of HIV-1-positive

adults with antiretroviral therapy 2012. HIV Med 2012; 13
(Suppl 2): 1–85.

5 Furtado MR, Callaway DS, Phair JP et al. Persistence of

HIV-1 transcription in peripheral-blood mononuclear cells in

patients receiving potent antiretroviral therapy. N Engl J

Med 1999; 340: 1614–1622.

6 Ibanez A, Puig T, Elias J, Clotet B, Ruiz L, Martinez MA.

Quantification of integrated and total HIV-1 DNA after

long-term highly active antiretroviral therapy in

HIV-1-infected patients. AIDS 1999; 13: 1045–1049.

7 Kent SJ, Reece JC, Petravic J et al. The search for an HIV

cure: tackling latent infection. Lancet Infect Dis 2013; 13:

614–621.

8 Sodora DL, Gettie A, Miller CJ, Marx PA. Vaginal

transmission of SIV: assessing infectivity and hormonal

influences in macaques inoculated with cell-free and

cell-associated viral stocks. AIDS Res Hum Retroviruses

1998; 14 (Suppl 1): S119–S123.

9 Sturmer M, Doerr HW, Berger A, Gute P. Is transmission of

HIV-1 in non-viraemic serodiscordant couples possible?

Antiviral Ther 2008; 13: 729–732.

10 Tubiana R, Le Chenadec J, Rouzioux C et al. Factors

associated with mother-to-child transmission of HIV-1

despite a maternal viral load <500 copies/ml at delivery: a

case-control study nested in the French perinatal cohort

(EPF-ANRS CO1). Clin Infect Dis 2010; 50: 585–596.

74 Editorial

© 2015 British HIV Association HIV Medicine (2015), 16, 73–75



11 Vernazza P, Hirschel B, Bernasconi E, Flepp M. HIV

transmission under highly active antiretroviral therapy.

Lancet 2008; 372: 1806–1807; author reply 1807.

12 Cohen MS, Chen YQ, McCauley M et al. Prevention of HIV-1

infection with early antiretroviral therapy. N Engl J Med

2011; 365: 493–505.

13 Rodger A, Cambiano V, Bruun T et al. HIV transmission risk

through condomless sex if the HIV positive partner is on

suppressive ART: PARTNER study. CROI 2014. Boston, USA,

2014.

14 Quinn TC, Wawer MJ, Sewankambo N et al. Viral load and

heterosexual transmission of human immunodeficiency virus

type 1. Rakai Project Study Group. N Engl J Med 2000; 342:

921–929.

15 Lorello G, la Porte C, Pilon R, Zhang G, Karnauchow T,

MacPherson P. Discordance in HIV-1 viral loads and

antiretroviral drug concentrations comparing semen and

blood plasma. HIV Med 2009; 10: 548–554.

16 Cu-Uvin S, DeLong AK, Venkatesh KK et al. Genital

tract HIV-1 RNA shedding among women with

below detectable plasma viral load. AIDS 2010; 24:

2489–2497.

17 Sharkey ME, Teo I, Greenough T et al. Persistence of

episomal HIV-1 infection intermediates in patients on

highly active anti-retroviral therapy. Nat Med 2000; 6:

76–81.

18 Kolodkin-Gal D, Hulot SL, Korioth-Schmitz B et al.

Efficiency of cell-free and cell-associated virus in mucosal

transmission of human immunodeficiency virus type 1 and

simian immunodeficiency virus. J Virol 2013; 87:

13589–13597.

19 Benn P, Fisher M, Kulasegaram R, BASHH, PEPSE Guidelines

Writing Group Clinical Effectiveness Group. UK guideline for

the use of post-exposure prophylaxis for HIV following

sexual exposure. Int J STD AIDS 2011; 22: 695–708.

20 Tuomala RE, O’Driscoll PT, Bremer JW et al. Cell-associated

genital tract virus and vertical transmission of human

immunodeficiency virus type 1 in antiretroviral-experienced

women. J Infect Dis 2003; 187: 375–384.

21 Ndirangu J, Viljoen J, Bland RM et al. Cell-free (RNA) and

cell-associated (DNA) HIV-1 and postnatal transmission

through breastfeeding. PLoS One 2012; 7: e51493.

22 Maldarelli F, Palmer S, King MS et al. ART suppresses

plasma HIV-1 RNA to a stable set point predicted by

pretherapy viremia. PLoS Pathogens 2007; 3: e46.

23 Doyle T, Geretti AM. Low-level viraemia on HAART:

significance and management. Curr Opin Infect Dis 2012;

25: 17–25.

24 Keele BF, Giorgi EE, Salazar-Gonzalez JF et al. Identification

and characterization of transmitted and early founder virus

envelopes in primary HIV-1 infection. Proc Natl Acad Sci

USA 2008; 105: 7552–7557.

Editorial 75

© 2015 British HIV Association HIV Medicine (2015), 16, 73–75


