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Incorrect attribution of cerebrospinal fluid HIV-1 virological escape and lymphocytic meningitis to
lopinavir/ritonavir monotherapy
We respectfully disagree with many of the interpretations
of the case reported by de Truchis et al. [1] entitled
‘Cerebrospinal fluid HIV-1 virological escape with
lymphocytic meningitis under lopinavir/ritonavir mono-
therapy’.

The title is misleading. Many readers might interpret
that ‘escape’ means that HIV replication was suppressed
in blood and active in the cerebrospinal fluid (CSF).
This is not the case as the patient at the time of
presentation had active replication both in blood and
CSF.

The patient was inadequately treated with lopinavir/
ritonavir monotherapy. Authors do not emphasize
enough that, as recommended in the European AIDS
Clinical Society (EACS) guidelines [2], patients infected
with protease inhibitor-resistant isolates should not be
treated with lopinavir/ritonavir monotherapy. All the
trials of protease inhibitor monotherapy have excluded
patients who might be infected with HIV isolates resistant
to protease inhibitors. It is interesting, however, that
in Truchis et al. [1] case, virological suppression was
achieved during 18 months despite intermediate resist-
ance to lopinavir/ritonavir. Once again, this finding
supports the extremely high genetic barrier to resistance
of boosted protease inhibitors.

Virological failure and lymphocytic meningitis is
wrongly attributed to the use of lopinavir/ritonavir
monotherapy. It is very likely that the reduction of
plasmatic and CSF levels of lopinavir/ritonavir concen-
trations possibly caused by orlistat would have not
changed if the patient had been treated with two analogs
and lopinavir/ritonavir with similar clinical con-
sequences and with the additional possible development
of resistance to nucleosides.

The authors claim discordant viral evolution in CSF
without adequate data. There is no CSF sample to prove
that an isolate with 54V was also present in CSF at the
time the first resistance testing was performed in plasma.
An alternative explanation is disappearance of 54V both
in plasma and CSF owing to insufficient drug pressure
caused by low levels of lopinavir/ritonavir. Nevertheless,
discordant viral evolution in the CSF and higher viral
loads in CSF than in plasma have also been described in
patients receiving triple therapy [3].
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The authors incorrectly quote Monotherapy Switzerland
Thailand (MOST) study of Gutmann et al. [4] as
supporting evidence of a higher risk of discordant
replication in CSF in patients treated with boosted
protease inhibitor monotherapy. In the MOST study, all
six patients with neurological symptoms had virological
failure both in blood and CSF.

The authors mention the studies of Gutmann et al. [4] and
Katlama et al. [5] as evidence of a higher risk of HIV
encephalitis in patients treated with monotherapy but
omit to mention that this complication also occurs in
patients treated with triple therapy [3].

Until we have a randomized clinical trial that system-
atically evaluates CSF replication in patients treated with
boosted protease inhibitor monotherapy versus triple
therapy, claims of ‘a higher risk of virological escape
under protease inhibitor monotherapy’ would not be
based on adequate evidence. Finally, we recommend that
clinicians closely follow the EACS guidelines [2] before
switching patients to boosted protease inhibitor mono-
therapy.
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Table 1. Summary of case study results.

Case One

RT mutations D67N, K70R, M184I, T215F,
K219Q, V106A, K103N
(accumulation of multiple tests)

PI mutations I54M, M46M/I, V82A, L90M
(accumulation of multiple tests)

Gestation RAL initiated 28 weeks
VL at RAL initiation 183
Other ARV in regimen Tenofovir/emtricitabine,

abacavir etravirine

Delivery mode Elective CS 39 weeks

Delivery VL <40
Mother RAL concentration

(ng/ml)
493

Time postmaternal dose 7 h
Time after delivery 3 h
Baby RAL concentration

(ng/ml)
3634

Time postmaternal dose 7 h
Time after delivery 3 h
Baby ARV postpartum

for 1 month
Zidovudine

ARV, antiretroviral; CS, caesarean section; IV, intravenous; PI, protease inh
(copies/ml).
5. Katlama C, Valentin MA, Algarte-Genin M, Duvivier C, Lambert-
Nicot S, Girard PM, et al. Efficacy of darunavir/ritonavir as
single-drug maintenance therapy in patients with HIV-1 viral
suppression: a randomized open-label non inferiority trial,
MONOI-ANRS 136. In: Program and Abstracts of the 5th IAS
Conference on HIV Pathogenesis, Treatment and Prevention; 19–
22 July 2009; Cape Town, South Africa. p. 3689.
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High neonatal concentrations of raltegravir following transplacental transfer in HIV-1 positive
pregnant women
Raltegravir, an integrase inhibitor, used in the treatment
of triple class resistant HIV-1, causes rapid reduction in
HIV-1 viral load and is usually well tolerated. Principally
metabolized by UGT1A1-mediated glucuronidation, it
neither inhibits cytochrome P450 (CYP450) enzymes
nor induces CYP3A4, giving it a favourable drug inter-
action profile [1–3]. These features make raltegravir a
useful option for pregnant women who present late or
have drug-resistant HIV-1. Little is known about human
transplacental transfer of raltegravir, neonatal pharmaco-
kinetics and safety.

We report three cases in which raltegravir was used late in
pregnancy to rapidly reduce maternal HIV-1 viral load
(Roche Taqman 2.0 assay), in women with multidrug
resistant virus. Blood samples were taken from mother
and baby as close to delivery as possible and maternal viral
load was monitored up to delivery. Neonates were
assessed by HIV-1 DNA PCR at 0, 6, and 12 weeks.
Raltegravir plasma concentrations were quantified by
liquid chromatography-tandem mass spectrometry. Writ-
ten consent was obtained for all cases.

Results are summarized in Table 1. Patient 1 was a
39-year-old Ugandan multiparous woman with highly
resistant virus. Because of poor virological control at
28 weeks of gestation, the lopinavir/ritonavir component
of her antiretroviral regimen was replaced by raltegravir
and etravirine. Patient 2 was a 26-year-old Ghanaian
nulliparous woman presenting to antenatal clinic with
dual/mixed CCR5-tropic virus and transmitted resist-
ance. Defaulting follow-up until 35 weeks of gestation,
she then started darunavir/ritonavir, tenofovir/emtrici-
tabine and etravirine. After finding no viral load
reduction and undetectable darunavir concentrations,
she was admitted for supervised therapy and raltegravir
was added at 38 weeks. At 39 weeks, she developed
nausea and an elevated serum aspartate transaminase,
rized reproduction of this article is prohibited.

Two Three

M41LM, T215L (base line
resistance at diagnosis)

Nil known (no resistance tests)

M46IM, L90M (baseline
resistance at diagnosis)

Nil known (no resistance tests)

38 weeks 39 weeks
67 100 238
Tenofovir/emtricitabine,

darunavir/ritonavir,
(IV zidovudine at delivery)

Tenofovir/emtricitabine,
efavirenz (IV zidovudine
at delivery)

Emergency CS 40 weeks
þ 3 days

Elective CS 40 weeks þ 1 day

185 (4 days prior to delivery) <40
22 50

13 h 12 h
1 h 9 h
209 776 and 5

13 h 5.5 h
1 h 2.5 and 72 h
Etravirine, lamivudine,

darunavir/ritonavir
enfuvirtide

Zidovudine lamivudine
lopinavir/ritonavir

ibitor; RAL, raltegravir; RT, reverse transcriptase; VL, HIV-1 viral load
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which improved after etravirine was stopped. Patient 3
was a 31-year-old Zimbabwean nulliparous woman with
a history of nevirapine allergy, intolerance of protease
inhibitors and poor adherence. At 29 weeks of gestation,
because viral load was 3210 copies/ml, her prescription
was changed from tenofovir/emtricitabine and lopinavir/
ritonavir to efavirenz. At 39 weeks, viral load was still
detectable and raltegravir was added.

Raltegravir concentrations, within 3 h after delivery, in
the neonates of patients 1 and 2, were approximately 7
and 9.5 times higher than in the mothers’ paired samples,
respectively. Paired samples were not collected for patient
3. However, neonatal concentrations were still high 2.5 h
after delivery. All infants were HIV-1 DNA PCR negative
at 12 weeks. To date, no adverse reactions in mother or
child have been reported.

In all three cases, addition of raltegravir to the mother’s
regimen was associated with rapid reduction in maternal
viral load. The much higher raltegravir concentrations in
neonates compared with their mothers suggests effective
placental transfer, perhaps reflecting poor neonatal and
foetal maturity of the UGT-dependent pathways [4]. It
is possible that increased activity of UGT1A1 observed
in pregnant women contributed to the disparity [5].
Reduced activity of UGT1A1 in neonates, probably
resulting from low transcription levels rather than
variation in UGT1A1 genotypes [4], is potentially more
critical after placental separation because of the effects of
placental dialysis. If, as in these cases, there are limited
neonatal adverse effects associated with high raltegravir
concentrations, it suggests potential favourable pharma-
cokinetics for preloading raltegravir in newborns. This
could be important in the case of preterm neonates who
absorb oral agents poorly. However, increases in
UGT1A1 activity after birth may be related to birth-
related events and not gestational age [4]. Neonatal
raltegravir concentrations in patient 3 had fallen to
subtherapeutic (<15 ng/ml) within 72 h of birth.
Excretion of unchanged raltegravir in the urine and
faeces may have been important here [2].

Placental transfer is also influenced by plasma protein
binding and placental transporters [6]. Raltegravir is
approximately 83% bound to plasma proteins [3],
concentrations of which alter in pregnancy [6]. Protease
inhibitors are more protein bound than raltegravir and
transfer poorly across the placenta [6]. Raltegravir is a
substrate of P-glycoprotein (PGP) [2], which is highly
expressed in placental tissue and which appears to protect
the foetus from maternal concentrations of drugs and
metabolites [7]. Decreased PGP expression may increase
foetal drug exposure. Potent drug-induced inhibition of
placental PGP has been shown to increase transfer of the
protease inhibitor, indinavir, but this effect was not
achieved by ritonavir, which is also a PGP inhibitor [8].
Exploring the use of PGP inhibitors in pregnancy to
opyright © Lippincott Williams & Wilkins. Unauth
increase foetal drug exposure may widen options for
preventing mother-to-child transmission of HIV.

In conclusion, raltegravir was effectively transferred across
the placenta of three pregnant women and persisted in
neonates for up to 3 days, without adverse effects.
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Infectiousness of HIV-infected homosexual men in the era of highly active antiretroviral therapy
The recent study by Jin et al. [1] provides estimates of
infectiousness of anal intercourse (insertive circumcised
and uncircumcised; receptive with and without ejacula-
tion) for the male homosexual population of Sydney,
Australia, in the highly active antiretroviral therapy
(HAART) era. There is a lack of estimates of HIV
infectiousness for homosexual men and for anal inter-
course in general and especially for infectiousness with
treatment. A recent literature review [2] found only four
studies reporting estimates of HIV transmissibility per
anal intercourse act. Therefore, the additional data
presented by Jin et al. [1] are an important contribu-
tion to the literature. There are many methodological
challenges when quantifying HIV infectiousness, which
have been discussed elsewhere [3,4]. Although the best
study design for quantifying per-act HIV infectiousness
for heterosexual populations has involved discordant
monogamous couples (although compromised with its
own set of biases), these types of study have been seldom
used for homosexual populations. It may be more difficult
to recruit such participants if rates of monogamy are lower
than among heterosexual populations, and monogamous
homosexual couples may also not be very representative
of the wider male homosexual community. The
alternative approach used by Jin et al. [1] was to follow
up initially HIV-seronegative homosexual men, testing
annually for seroconversion and interviewing every
6 months for reports of types and frequencies of sexual
exposure and the presumed serostatus of their sexual
partners (categorized as HIV negative, positive or
unknown). A similar approach has been used before
for anal intercourse by Vittinghoff et al. [5] as well as for
female sex workers [6,7]. However, Vittinghoff et al. [5]
were unable to provide per-act estimates per positive
exposure for insertive anal intercourse, only providing
estimates per-act with an ‘infected or unknown
serostatus’ partner and, therefore, may underestimate
infectiousness per exposure, if HIV prevalence among
unknown serostatus partners is low.
The per-act anal intercourse transmission probability
estimates of Jin et al. [1] with respect to receptive
unprotected anal intercourse [0.65%, 95% confidence
interval (CI) 0.15–1.53 with withdrawal; 1.43%, 95% CI
0.48–2.85 with ejaculation], from a population with high
(proposed 70%) HAART coverage, are remarkably
similar to those estimates made preceding HAART
(summary of four estimates: 1.4%, 95% CI 0.2–2.5, no
differentiation by ejaculation [2], see Fig. 1 [2,5,8–10]).
As the authors note, this result is surprising, given the
reduction in community viral load that has been observed
in some other homosexual populations following the
introduction of HAART [11], and that such reductions in
viral load are expected to reduce HIV infectiousness.

Potential reasons why HIV infectiousness was not seen to
decrease include higher infectiousness associated with
various cofactors (sexually transmitted infection preva-
lence may be higher in male homosexual communities
now, perhaps as a result of risk compensation in the
HAART era); there may be unreported competing
exposures through other routes of transmission, such as
intravenous drug use; or the partners of study participants
may not have been representative of the wider Australian
homosexual population, for example, with lower
HAART coverage. It would have been useful to have
more information regarding the likely HAART coverage
of the infected partners, in order to assess how concerning
these unexpectedly high estimates for infectiousness are.
Although the authors state that 70% of male homosexuals
diagnosed in Australia are currently treated, estimates of
the proportion of those infected who are diagnosed as
well as an indication of adherence levels and average viral
loads for those individuals receiving treatment are
required to improve our understanding.

The authors addressed the uncertainty regarding
‘unknown’ serostatus and presumed HIV-negative sexual
partners by undertaking uncertainty analysis, varying
rized reproduction of this article is prohibited.
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Transmission risk per sex act (%)

DeGruttola et al 1989*

Leynaert et al 1998

Vittinghoff et al 1999

Haperin et al 2002

Baggaley et al 2010 summary estimate

Jin et al 2010 with withdrawal

Jin et al 2010 with ejaculation

Vittinghoff et al 1999**

Jin et al 2010 circumcised

Jin et al 2010 uncircumcised

pre-HAART era HAART era

Unprotected receptive
anal intercourse

Unprotected insertive
anal intercourse

Fig. 1. Per-act HIV infectiousness for anal intercourse, for the pre-HAART and HAART eras. Baggaley et al. [2] summary estimate
is a combined estimate for the four studies shown above (DeGruttola et al. [8], Leynaert et al. [9], Vittinghoff et al. [5] and Halperin
et al. [10]). Error bars represent 95% confidence intervals except for DeGruttola et al. [8] in which they represent the authors’ range of
plausible infectiousness estimates. �No central estimate given. ��Vittinghoff et al.’s [5] insertive anal intercourse estimate is per-act
with a partner infected or of unknown serostatus (all other estimates represent HIV infectiousness per-act with an infected partner).
the HIV prevalence of the ‘unknown’ and presumed
HIV-negative partner populations from 5–15% and 0.5–
2%, respectively, based on prevalence studies from the
locality. It would be informative if this analysis could be
extended to reflect the uncertainty in HAART coverage
levels in order to explore how sensitive the HIV
infectiousness estimates are to the assumed proportion
of sexual partners on treatment.

However, even in the absence of further information,
levels of HAART are likely to be substantial and so the
authors’ observation that their per-act estimates are not
markedly different from those made in the absence of
HAARTremains a concerning finding. Community viral
load studies covering the Sydney population may help to
explain these findings, although the association between
viral load and HIV infectiousness for sexual transmission,
particularly for anal intercourse, remains to be definitively
proven. It would also be useful, if data are available or for
future cohorts, to ascertain the treatment status of infected
partners wherever possible, in order to make estimates of
anal intercourse infectiousness stratified by treatment
status. This study and our review have clearly highlighted
the need for more data on HIV infectiousness for sexual
transmission among homosexual men [1,2].
Acknowledgement

There are no conflicts of interest.
opyright © Lippincott Williams & Wilkins. Unauth
Rebecca F. Baggaleya, Richard G. Whiteb and Marie-
Claude Boilyc, aMRC Centre for Outbreak Analysis and
Modelling, Department of Infectious Disease Epide-
miology, Faculty of Medicine, Imperial College London,
bInfectious Disease Epidemiology Unit, Department of
Epidemiology and Population Health, London School
of Hygiene and Tropical Medicine, and cDepartment of
Infectious Disease Epidemiology, Faculty of Medicine,
Imperial College London, London, UK.

Received: 20 May 2010; accepted: 30 June 2010.
References

1. Jin F, Jansson J, Law M, Prestage GP, Zablotska I, Imrie JC, et al.
Per-contact probability of HIV transmission in homosexual
men in Sydney in the era of HAART. AIDS 2010; 24:907–913.

2. Baggaley RF, White RG, Boily MC. HIV transmission risk
through anal intercourse: systematic review, meta-analysis
and implications for HIV prevention. Int J Epidemiol 2010.
[Epub ahead of print]; DOI: 10.1093/ije/dyq057.

3. Powers KA, Poole C, Pettifor AE, Cohen MS. Rethinking the
heterosexual infectivity of HIV-1: a systematic review and
meta-analysis. Lancet Infect Dis 2008; 8:553–563.

4. Boily MC, Baggaley RF, Wang L, Masse B, White RG, Hayes RJ,
Alary M. Heterosexual risk of HIV-1 infection per sexual act:
systematic review and meta-analysis of observational studies.
Lancet Infect Dis 2009; 9:118–129.

5. Vittinghoff E, Douglas J, Judson F, McKirnan D, MacQueen K,
Buchbinder SP. Per-contact risk of human immunodeficiency
virus transmission between male sexual partners. Am J Epide-
miol 1999; 150:306–311.

6. Gilbert PB, McKeague IW, Eisen G, Mullins C, Gueye NA,
Mboup S, Kanki PJ. Comparison of HIV-1 and HIV-2 infectivity
from a prospective cohort study in Senegal. Stat Med 2003;
22:573–593.
orized reproduction of this article is prohibited.



Co

2420 AIDS 2010, Vol 24 No 15
7. Donnelly C, Leisenring W, Kanki P, Awerbuch T, Sandberg S.
Comparison of transmission rates of HIV-1 and HIV-2 in a
cohort of prostitutes in Senegal. Bull Math Biol 1993; 55:731–
743.

8. DeGruttola V, Seage GR 3rd, Mayer KH, Horsburgh CR Jr.
Infectiousness of HIV between male homosexual partners.
J Clin Epidemiol 1989; 42:849–856.

9. Leynaert B, Downs AM, de Vincenzi I. Heterosexual transmis-
sion of human immunodeficiency virus: variability of infectiv-
ity throughout the course of infection. European Study Group
on Heterosexual Transmission of HIV. Am J Epidemiol 1998;
148:88–96.
pyright © Lippincott Williams & Wilkins. Unautho
10. Halperin DT, Shiboski SC, Palefsky SC, Padian NS. High level of
HIV-1 infection from anal intercourse: a neglected risk factor
in heterosexual AIDS prevention [abstract #ThPeC7438]. Int
Conf AIDS 7–12 July 2002; University of California, San Fran-
cisco, United States; 2002. p. 14.

11. Das-Douglas M, Chu P, Santos G-M, Scheer S, McFarland W,
Vittinghoff E, Colfax G. Decreases in community viral load are
associated with a reduction in new HIV diagnoses in San
Francisco [abstract #33]. In: 17th Conference on Retroviruses
and Opportunistic Infections; 16–19 February 2010; San Fran-
cisco, California, USA; 2010.

DOI:0.1097/QAD.0b013e32833dbdfd
Infectiousness of HIV-infected men who have sex with men in the era of highly active antiretroviral therapy
In the majority of resource-rich countries, the most
common exposure route for HIV transmission is
unprotected anal intercourse among homosexual men
[1,2]. HIV diagnosis rates in these settings have been
increasing over the last decade [1–3], which is somewhat
paradoxical considering that effective combination
antiretroviral therapy (ART) has had increasing coverage.
There is evidence among heterosexuals of a positive
association between viral load and infectiousness [4–6],
and use of ART has been shown to reduce HIV
transmission risk among discordant couples [7]. Further,
both a recent meta-analysis [6] and a prospective cohort
study [8] calculated a remarkably similar reduction, of
92%, in HIV transmission rates from heterosexual men
and women who are treated compared with those who
are untreated. It might be expected that ARTwould also
reduce HIV transmission rates among homosexual men,
but the fact that the per-contact probability of HIV
transmission through anal intercourse is more than 10-
fold higher than by vaginal intercourse means that results
may not necessarily be the same.

The recent meta-analysis by Baggaley et al. [9] resulted in an
estimate of the probability of HIV transmission through
receptive anal intercourse of 1.4%, which aligns with our
estimate from an Australian cohort of homosexual men
[10]. It is surprising that these estimates of HIV
transmission risk are also similar to estimates prior to
the use of ART [11]. Our study is the first to differentiate
the per-act probability of HIV transmission by receptive
anal intercourse with or without ejaculation (1.43 and
0.65%, respectively) and insertive anal intercourse with
or without circumcision (0.11 and 0.62%, respectively).

We agree with Baggaley et al. [12] that it would have been
useful to have more information about highly active
antiretroviral therapy (HAART) coverage among HIV-
infected partners of the homosexual men in our cohort to
elucidate the role of antiretrovirals in reducing trans-
mission risk among homosexual men. However, the
nature of many sexual partnerships among gay and other
homosexual men is that information about partners is
often limited. Information about treatment status is often
known among discordant regular partners and, although
disclosure of HIV serostatus is becoming increasingly
common among casual partners [13–16], it is still not
disclosed in most partnerships, let alone discussion of the
use of ART. Collection of further detail, such as level of
adherence to ARTamong partners of men in our cohort,
was also beyond the scope of feasibility. In the absence of
such data, we had to make assumptions that the partners
had epidemiological and clinical characteristics that were
similar to those captured by Australian surveillance
mechanisms. Our calculations did not directly account for
the proportion of the population on ART but estimated
population average transmission rates resulting from HIV-
infected people with a broad distribution of viral loads.
Numerous sources justify an assumption that approxi-
mately 70% of Australia’s HIV-diagnosed population is on
ART [17,18]. Australia’s HIV Observational Database
tracks a large cohort of HIV-infected people and indicates
that the degree of viral suppression among HIV-treated
people has increased from �65 in 2000 to �90%
currently, with an average of �80% over the period of
follow up in our cohort study [17]. However, the
proportion of the HIV-infected population among
Sydney homosexual men that is undiagnosed is not well
known. Statistical and modeling calculations have
estimated that consistently �10% of HIV-infected men
in Sydney are undiagnosed [19], which aligns with the
relatively high testing rates in this population [18].
However, a recent study conducted in Melbourne has
estimated that up to 20% of HIV-infected gay men in a
comparable Australian context may be undiagnosed [20].
Taken together, it is quite possible that just 45–50% (80–
90� 70� 80%) of HIV-infected homosexual men in
Sydney had undetectable viral load during our study.

As this estimate shows, in a population with high rates of
testing and treatment with highly effective antiretrovirals,
it is likely that there are a substantial proportion of people
with detectable viral load. This may go a long way toward
accounting for the lack of difference in our estimates of
transmission risks compared with the pre-HAART era.
rized reproduction of this article is prohibited.
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However, one would still expect to find a noticeable
decrease in average transmission risks owing to a
reduction in average community viral load [21].
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