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Postexposure Prophylaxis for HIV Infection

Raphael J. Landovitz, M.D., and Judith S. Currier, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

A 24-year-old man presents to an outpatient clinic, reporting that 36 hours previously
he had receptive anal intercourse without the use of a condom with an anonymous
male partner who was known to have had sex with other men. The patient is known
to the clinical practice and has had several negative tests for human immunodeficiency
virus (HIV) infection, most recently 6 months previously. How should he be evaluated
and treated?

THE CLINICAL PROBLEM

There are more than 50,000 new cases of HIV infection in the United States® and
2.7 million new cases worldwide? annually, and strategies for HIV prevention are a
major focus of clinicians and researchers. Vaccines for the prevention of HIV infec-
tion have thus far yielded mixed results, and safe and effective microbicides to block
HIV are not yet available. However, HIV infection is not an instantaneous conse-
quence of exposure to HIV, so there may be a window of opportunity for preventing
infection after an exposure.

STRATEGIES AND EVIDENCE

The use of postexposure prophylaxis against HIV infection dates back to the early
1990s, when only limited antiviral treatment for chronic infection was available. Pro-
phylaxis was primarily used after occupational exposures — exposures of health
care workers to HIV-infected blood and body fluids, usually through needlestick inju-
ries or contact with splashed blood or body fluids. Enrollment was not completed in
a randomized, placebo-controlled trial of zidovudine (also known as azidothymidine,
or AZT) for prophylaxis after occupational exposure.? A case—control study in 1997
showed that health care workers who received zidovudine after needlestick exposures
were 81% less likely to undergo seroconversion to positivity for HIV.* Despite the im-
portant limitations of the study (including the retrospective design, small numbers of
case patients, geographic differences between cases and controls, and lack of a uni-
form protocol for postexposure prophylaxis), these data made it untenable to conduct
a placebo-controlled trial of postexposure prophylaxis, and active controlled trials
would be prohibitively expensive, given the low per-exposure seroconversion rates.

After exposure to HIV through sexual contact or injection-drug use, antiretro-
viral therapy may also be administered for prophylaxis against infection. No effi-
cacy data are available for this strategy, but substantial safety and feasibility data
have led to its widespread acceptance.

ASSESSING THE NEED FOR POSTEXPOSURE PROPHYLAXIS
The use of postexposure prophylaxis presupposes that the person who was exposed
to HIV is HIV-negative; thus, a negative result of a baseline enzyme-linked immu-
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nosorbent assay (ELISA) for antibodies to HIV
should be documented concomitantly with the as-
sessment for postexposure prophylaxis. Testing to
assess the HIV viral load, in the absence of signs
or symptoms that are consistent with primary HIV
infection, is currently not routinely recommend-
ed because of concerns about false positive results
and cost,’ although a qualitative nucleic acid amp-
lification test has been approved by the Food and
Drug Administration for this purpose. Character-
istics of both the exposure and the source patient
should guide the decision about whether to ad-
minister postexposure prophylaxis.

TYPE OF EXPOSURE

Occupational Exposure

The overall rate of HIV transmission through per-
cutaneous inoculation (i.e., by means of a needle
or other instrument that pierces the skin) is wide-
ly reported to be 0.3% (95% confidence interval
[CI], 0.2 to 0.5); features of exposure that are as-
sociated with a higher rate of transmission include
a needle that was used to cannulate a blood vessel
in the source patient, advanced HIV disease in the
source patient, a deep needlestick, and visible
blood on the surface of the instrument.# Theoreti-
cally, any exposure that involves piercing of the
skin may transmit infection, but clinical judgment
is required to assess the likelihood that the in-
oculum is sufficient to pose a credible threat of
transmission; many clinicians use a puncture that
draws blood as a general threshold. Splashes of
infectious material to mucous membranes (e.g.,
conjunctivae or oral mucosa) or broken skin also
may transmit HIV infection (estimated risk per
exposure, 0.09% [95% CI, 0.006 to 0.5]).¢

Nonoccupational Exposure

The per-contact risk of HIV transmission from
sexual exposure varies according to the nature of
the exposure. The estimated risks are 1 to 30%
with receptive anal intercourse, 0.1 to 10.0% with
insertive anal intercourse and receptive vaginal
intercourse, and 0.1 to 1.0% with insertive vaginal
intercourse.”® As compared with other forms of
intercourse, oral intercourse is considered to pose
a lower risk of HIV transmission, although good
risk estimates are lacking, and there are case re-
ports of HIV infections in persons in whom the
only reported risk factor was oral intercourse.%1*
The risks of sexual transmission are difficult to
quantify; the wide ranges reported for the risks
of per-contact transmission derive from observa-

tional studies and are influenced by many factors,
including the presence or absence of concomitant
genital ulcer disease, other disease states, and cer-
vical or anal dysplasia; circumcision status; the
viral load in the genital compartment; and the
degree of viral virulence.®° The estimated risk of
transmission associated with sharing needles for
injection-drug use is approximately 0.67% per nee-
dle-sharing contact.?

CHARACTERISTICS OF THE SOURCE PATIENT
The question of whether postexposure prophylaxis
is warranted after any potentially risky exposure
hinges on the likelihood that the source patient
is HIV-positive. In occupational settings, this ques-
tion can often be resolved quickly with the use of
a highly sensitive rapid ELISA, unless there is a
known or suspected, recent high-risk behavior that
would put the source patient at risk for occult
seroconversion. Such exceptions aside, a nega-
tive result of a rapid ELISA in the source patient
obviates the need for postexposure prophylaxis.
If testing in the source patient must be delayed
for any reason, it is prudent to administer a first
dose of postexposure prophylaxis pending test-
ing in the source patient.

The Centers for Disease Control and Preven-
tion (CDC) categorizes source patients in occupa-
tional settings into the following subgroups: pa-
tients who are known to be HIV-positive with a
high viral load (i.e., patients who are undergoing
acute seroconversion and patients with chronic
infection who have viral loads 21500 copies per
milliliter), patients who are known to be HIV-
positive with a low viral load (<1500 copies per
milliliter), patients with an unknown HIV status,
and patients who are known to be HIV-negative.
A more useful threshold for risk stratification ac-
cording to viral inoculum might be a detectable
load (i.e., 250 copies per milliliter), although there
is no viral level below which transmission cannot
occur. It would be appropriate to consider the use
of postexposure prophylaxis in a person who was
exposed to HIV through contact with any of these
source patients except those known to be HIV-
negative (with caveats as previously noted); details
are reviewed in guidelines from the CDC.13

The source patient in nonoccupational settings
is rarely available for testing, so a risk assessment
based on other epidemiologic factors is required.
Consensus guidelines recommend the consider-
ation of prophylaxis in persons who have been
exposed to known HIV-positive source patients
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and to selected high-risk populations with un-
known HIV status among whom the seropreva-
lence of HIV infection is considered to be sufficient
to justify the toxicity and cost of treatment.”1417
These populations include men who have sex
with men, men who have sex with both men and
women, commercial sex workers, injection-drug
users, persons with a history of incarceration, per-
sons from a country where the seroprevalence of
HIV is 1% or greater, and persons who have a
sexual partner belonging to one of these groups.
Perpetrators of sexual assault are also considered
to be at high risk for being HIV-positive; this risk
is sufficient for the consideration of postexposure
prophylaxis in the victim.

TIMING AND DURATION OF TREATMENT
Postexposure prophylaxis should be initiated as
rapidly as possible after exposure to HIV. Data
from macaques that were exposed to challenge
with simian immunodeficiency virus suggest a
greater benefit of postexposure prophylaxis when
it is initiated within 36 hours after exposure as
compared with 72 hours after exposure.'*° One
study indicated that postexposure prophylaxis was
beneficial in infants born to untreated women with
HIV infection when initiated within 48 hours after
peripartum exposure.2° Postexposure prophylaxis
should be continued for 28 days, on the basis of
macaque models that showed incomplete protec-
tion conferred by shorter courses of postexposure
prophylaxis after intravenous challenge.?!

REGIMENS FOR POSTEXPOSURE PROPHYLAXIS
In chronic infection, multidrug therapy (three or
more agents) has been shown to provide optimal
virologic and clinical benefit.222#+ However, the
goals of treatment of chronic infection are dis-
tinct from those of postexposure prophylaxis;
thus, it is questionable whether similar regimens
are warranted for postexposure prophylaxis. The
inoculum of virus to be inhibited in a person af-
ter exposure to HIV is orders of magnitude small-
er than the viral burden in a patient with chronic
infection; this might provide support for the suf-
ficiency of fewer drugs. However, data suggesting
that a single clone or a very small founder popu-
lation of virions initiates the sentinel infection
responsible for durable HIV propagation, at least
in heterosexual transmission,?s underscore the im-
portance of effectively inhibiting that small pop-
ulation; a greater number of drugs would improve
coverage if the clone or founder population were

resistant to one of the agents. Still, incremental
toxicity has been observed with the use of in-
creasing numbers of antiretroviral agents2°; this
may lead to increased rates of discontinuation,
with higher failure rates. Moreover, the addition
of a third drug increases the costs of therapy.

Mathematical modeling suggests that the op-
timal regimen, balancing side effects, efficacy, and
cost, would be a dual nucleoside regimen such as
the fixed-dose combination zidovudine-lamivu-
dine, unless the background rate of viral resistance
in the source population is greater than 15%, in
which case a three-drug regimen including a pro-
tease inhibitor would be favored.?” Regimens con-
sisting of newer dual nucleoside combinations
such as tenofovir plus emtricitabine are associat-
ed with substantially less toxicity and improved
adherence, as compared with older nucleoside
combinations.2%2°

The optimal components of a postexposure
prophylactic regimen remain uncertain. Nucleo-
side analogues are the cornerstone of two-drug
regimens, largely for historical reasons. If a third
drug is added, a protease inhibitor, often boosted
with low-dose ritonavir (e.g., ritonavir-boosted
atazanavir, lopinavir, or darunavir), is commonly
used; the use of a ritonavir-boosted regimen serves
to improve the pharmacokinetics (Table 1). Nevir-
apine is not recommended for use in regimens
for postexposure prophylaxis, given its associated
risks of toxicity, including fulminant hepatitis and
serious cutaneous adverse events with its use in
persons who are not infected with HIV3%:32 and
concern about a lack of activity in some cases of
transmitted resistance.

Reported rates of adherence to postexposure
prophylactic medication are generally in the
range of 70 to 80%, even with the use of newer
agents.2%3334 The level of adherence required to
obtain the maximum benefit from a course of
postexposure prophylaxis is not clear; specifical-
ly, it is not known whether the level of adherence
considered necessary for a maximum treatment
benefit in patients with chronic HIV infection
(>95%)>* is applicable. Regular contact with the
patient, as frequently as weekly during the 4-week
regimen, either in person or by telephone or
e-mail, is recommended to improve adherence.3?

BASELINE AND FOLLOW-UP ASSESSMENTS
Testing of the Source Patient

In the event that a source patient with unknown
HIV status is available for testing, a rapid ELISA
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Table 1. Regimens for 28-Day Postexposure Prophylaxis for HIV Infection.*

Regimen

Two-drug regimens

Tenofovir-emtricitabine
(Truvada)i:

Zidovudine-lamivudine
(Combivir)§

Three-drug regimensq|

Ritonavir—lopinavir (Kaletra)
(plus either tenofovir—
emtricitabine or zidovu-
dine—lamivudine)

Ritonavir plus atazanavir
(plus either tenofovir—
emtricitabine or zidovu-
dine—lamivudine)

Ritonavir plus darunavir (plus
either tenofovir-emtricit-
abine or zidovudine—
lamivudine)

Dose

One tablet (300 mg of tenofo-
vir with 200 mg of emtri-
citabine) once daily

One tablet (300 mg of zidovu-
dine with 150 mg of lamivu-
dine) twice daily

Two tablets (50 mg of ritonavir
with 200 mg of lopinavir
per tablet) twice daily, or
four tablets once daily

100 mg of ritonavir plus 300
mg of atazanavir once daily

100 mg of ritonavir plus two
tablets, each containing
400 mg of darunavir, once
daily

Daily Pill
Burdenty Advantages Disadvantages
no.
1 Well tolerated; once-daily Potential nephrotoxicity
dosing
2 Preferred in pregnancy Twice-daily dosing; less well
mia, abnormal liver-
enzyme levels)
5o0r6 Either once-daily or twice-daily ~ Gastrointestinal side effects
dosing; one copayment; no such as diarrhea; may
refrigeration required; most cause elevated liver-
experience in pregnancy;
high genetic barrier to re-
sistance
3or4 Once-daily dosing; well tol-
erated
levels or hepatitis
4or5 Once-daily dosing; high genetic Ritonavir must be refrigerated;

tolerated than tenofovir—
emtricitabine (nausea, as-
thenia, neutropenia, ane-

enzyme levels or hepatitis

Ritonavir must be refrigerated;
potential for asymptomatic
jaundice, renal stones; may
cause elevated liver-enzyme

barrier to resistance gastrointestinal side ef-
fects; may cause elevated

liver-enzyme levels or hepa-

titis

* Tenofovir, emtricitabine, and lamivudine all have activity against hepatitis B. Patients with chronic active hepatitis B (i.e., patients who are
positive for hepatitis B surface antigen) may have flares of hepatitis on withdrawal of these agents at the completion of postexposure pro-
phylaxis treatment. Referral to a hepatitis specialist or serial monthly monitoring of liver-enzyme levels for up to 6 months after treatment

should be considered.

T The daily pill burden in the three-drug regimens depends on which two-drug regimen is chosen.

I The dose of tenofovir—emtricitabine should be reduced to one tablet every 48 hours in patients with a creatinine clearance of 30 to 49 ml per
minute. Tenofovir—emtricitabine is not recommended in patients with a creatinine clearance of less than 30 ml per minute or in patients
who are undergoing hemodialysis; see the guidelines from the Department of Health and Human Services®® for considerations regarding
doses of individual agents in patients with advanced renal dysfunction.

§ Zidovudine-lamivudine is not recommended in patients with a creatinine clearance of less than 50 ml per minute; see the guidelines from
the Department of Health and Human Services?® for considerations regarding doses of individual agents in patients with renal dysfunction.

9§ The boosting agent ritonavir is not considered to be an active drug in tabulating the number of agents in the three-drug regimen.

for antibodies against HIV (in either oral transu-
date or whole blood) should be performed, as
well as testing for the hepatitis B surface antigen
(HBsAg) and an ELISA for antibodies against hep-
atitis C virus (HCV). If the source patient is at risk
for recent HIV or HCV infection on the basis of
recent exposure (e.g., in the previous 2 to 4 weeks),
nucleic acid-based testing (e.g., HIV and HCV
RNA viral-load testing) should be considered to
rule out acute infection, which would confer an
increased risk of transmission.

Baseline Testing of the Exposed Patient
In addition to baseline HIV testing in the patient

who has been exposed to HIV, assessment for im-
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munity to the hepatitis B virus (HBV) is warranted.
Vaccination against HBV is recommended if hep-
atitis B surface antibody is not present and chron-
ic HBV infection has been ruled out (on the basis
of a negative test for HBsAg). In persons who
have been exposed recently (within 1 week) to an
HBsAg-positive source patient and who are nega-
tive for hepatitis B surface antibody, treatment
with immune globulin for HBV infection should
be considered.3¢ Evidence of the sexual transmis-
sion of HCV, especially among men who have sex
with men,373° has prompted experts to recom-
mend baseline and follow-up HCV-antibody and
HCV RNA testing for sexual as well as percutane-
ous exposures (Table 2). Screening and treatment

NEJM.ORG OCTOBER 29, 2009

Copyright © 2009 Massachusetts Medical Society. All rights reserved.

1771



The NEW ENGLAND JOURNAL of MEDICINE

(as needed) for syphilis, gonorrhea, and chlamyd-
ial infections are appropriate in patients who seek
care after sexual contact.

A follow-up ELISA for antibodies against HIV
should be performed at 4 to 6 weeks, 3 months,
and 6 months after exposure. With the use of
older assays, the majority of HIV seroconversions
are detectable within 6 to 12 weeks, and virtually
all are detectable by 6 months*#2; newer assays
may accelerate this timetable.#* However, rare
cases of delayed seroconversion (>6 months) after
the use of postexposure prophylaxis have been re-
ported.#* Many experts recommend that persons
who have been exposed to HIV use condoms dur-
ing sexual contact and avoid sharing blood-con-
taminated fomites (e.g., razors and toothbrush-
es) until there is documentation of negative test
results at 6 months. Table 2 lists comprehensive
recommendations for laboratory testing during
and after postexposure prophylaxis.

RISKS ASSOCIATED WITH POSTEXPOSURE
PROPHYLAXIS

Pharmacologic prevention strategies such as post-
exposure prophylaxis may foster increased high-
risk behavior. One strategy currently being stud-
ied in clinical trials is preexposure prophylaxis
— the use of antiretroviral agents on an ongoing
basis before or in anticipation of an exposure to
HIV. Mathematical models suggest that changes
in sexual behavior associated with this interven-
tion may counteract protective efficacy, resulting
in an increased incidence of HIV at the popula-
tion level.#> Available data do not suggest associa-
tions between the use of postexposure prophylaxis
and increased risk-taking behavior.#°-4® However,
these concerns underscore the need for the in-
corporation of strategies to reduce behavioral risks
and counseling as part of HIV prevention.
Factors associated with seroconversion despite
the use of postexposure prophylaxis include de-

Table 2. Laboratory Tests Generally Recommended for Persons after Exposure to HIV.*
Test Recommended during Treatment Recommended at Follow-up
Symptom-
Baseline Directed 4-6 Wk 12 Wk 24 Wk

ELISA for HIV antibodies Yes Yes Yes Yes Yes
Creatinine, liver function, and Yes Yes No No No

complete blood count with

differential count
HIV viral load No Yes No No No
Anti-HBs antibodies Yes: No No No No
HBsAg Yesi§ No No No No
HCV antibodies Yes No Yes Yes Yes
HCV RNAY No Yes Yes Yes Yes
Screening, including rapid plas- Yes Yes No Yes No

ma reagin test, for other sex-

ually transmitted infections||

* Patients who receive zidovudine plus lamivudine-based regi

mens should have a complete blood count and measure-

ment of liver-enzyme levels at 2 weeks of treatment, irrespective of the presence or absence of clinical symptoms.

Tenofovir plus emtricitabine-based regimens generally invol

ve few side effects, and symptom-directed assessment of

serum creatinine or liver-enzyme levels should be considered. The addition of a ritonavir-boosted protease inhibitor
should be followed by symptom-directed assessment of liver-enzyme levels, serum glucose levels, or both. Anti-HBs
antibodies denotes hepatitis B virus surface antibodies, ELISA enzyme-linked immunosorbent assay, HBsAg hepatitis B

surface antigen, and HCV hepatitis C virus.

Symptom-directed tests are for signs or symptoms of toxic effects (rash, nausea, vomiting, or abdominal pain) or HIV

seroconversion (fever, fatigue, lymphadenopathy, rash, or oral or genital ulcers).
I If tests for anti-HBs antibodies and HBsAg are both negative, a vaccination series against HBV infection should be ini-

tiated and completed.

§ If the patient is HBsAg-positive, he or she should have monthly follow-up of liver-function tests after discontinuation of
postexposure prophylactic regimens containing tenofovir, lamivudine, or emtricitabine; referral to a specialist in viral

hepatitis should be considered.

4§ HCV RNA testing may identify early HCV seroconversion; early detection and treatment during acute HCV infection
may avert or ameliorate chronic disease. Data are from Dienstag and McHutchison.*®

| Rapid plasma reagin testing and testing of urethral-swab and rectal-swab specimens for gonorrhea and chlamydia and
of pharyngeal-swab specimens for gonorrhea should be performed as appropriate, according to the patient’s sexual

risk-taking behaviors and the type of exposure to HIV.
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layed administration of medication (>45 hours af-
ter exposure), receptive anal intercourse, nonad-
herence to treatment, and repeated exposures.*°
Despite concerns that seroconversion in patients
receiving postexposure prophylaxis might pref-
erentially select resistant strains, limited case re-
ports of seroconversion have shown the presence
of wild-type virus, even when the virus is exam-
ined by sensitive sequencing methods. Paradoxi-
cally, seroconversion in patients receiving postex-
posure prophylaxis may be associated with a lower
viral set point and attenuated disease progres-
sion.>° Data are needed from large prospective
cohorts to establish the prevalence of sensitive and
resistant infections when seroconversion occurs
despite the use of postexposure prophylaxis. Non-
adherence to treatment, subsequent exposures, or
both may confound estimates of the efficacy of
postexposure prophylaxis to provide protection
against HIV infection.

The use of antiretroviral agents for postexpo-
sure prophylaxis that have activity against hepa-
titis B (including tenofovir, lamivudine, and
emtricitabine) requires special consideration in
persons with circulating HBsAg and a positive
polymerase-chain-reaction test for HBV DNA,
since flares of hepatitis B may occur on with-
drawal of such agents.>* Follow-up with liver-
function testing, consultation with a hepatologist,
or both should be considered in such cases.

AREAS OF UNCERTAINTY

The decision to initiate postexposure prophylaxis
is a complicated one that is often predicated on
the levels of risk-aversiveness and preferences of
both the clinician and the patient. At a public
health level, the costs of such treatment must be
balanced against the risk of transmission associ-
ated with a given exposure. For both occupation-
al and nonoccupational exposures, the interval
after which postexposure prophylaxis will have
no benefit is not known, but data are lacking to
indicate a clear benefit when prophylaxis is initi-
ated more than 48 hours after exposure. Data
from randomized trials comparing various regi-
mens for postexposure prophylaxis are lacking,
and the optimal number and composition of an-
tiretroviral agents to be used in a regimen remain
uncertain.

The role in postexposure prophylaxis of agents
that have recently been approved for the treat-
ment of HIV infection remains unknown. Because

of their mechanisms of action, raltegravir, the
first HIV strand-transfer integrase inhibitor, and
maraviroc, the first CC chemokine receptor
S5-receptor antagonist, are both attractive options
for prevention. Experience with these agents for
prophylaxis is limited to isolated case reports and
small case series,52">* in which their use appeared
to be safe.

Postexposure prophylaxis has become the stan-
dard of care for occupational exposures, but it re-
mains controversial as a public health interven-
tion for nonoccupational exposures. Coverage for
postexposure prophylaxis, which is associated with
out-of-pocket costs of $1,000 or more for the req-
uisite 28-day course of treatment, is not consis-
tently provided by state Medicaid plans; thus, this
strategy is inaccessible for patients who are reli-
ant on such programs.

GUIDELINES

Guidelines for prophylaxis after occupational
exposure are available from the CDC and the
Department of Health and Human Services
(DHHS).*3>5 They are also available from the New
York State Department of Health (2008)>¢ and the
World Health Organization (WHO, 2007).'7 Un-
like the other guidelines, which recommend a
72-hour window for eligibility for postexposure
prophylaxis, New York State’s guidelines recom-
mend a 36-hour window and one specific first-line
regimen (zidovudine, lamivudine, and tenofovir).
The Occupational Safety and Health Administra-
tion refers to the CDC and DHHS guidelines as
workplace standards.>” Guidelines for prophylaxis
after nonoccupational exposure are also available
from the CDC and the DHHS,” the WHO,'” and
some states. Clinicians may seek expert consul-
tative services regarding occupational or nonoc-
cupational exposures to HIV from the National
Clinicians’ Post-Exposure Prophylaxis Hotline of
the National HIV/AIDS Clinicians’ Consultation
Center, available 24 hours a day (1-888-448-4911).
The recommendations in this article are gener-
ally concordant with the CDC and WHO guide-
lines.

CONCLUSIONS AND
RECOMMENDATIONS

Prophylaxis is recommended after both occupa-
tional and nonoccupational exposure to HIV. Ob-
servational data suggest that such interventions
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are approximately 80% effective in averting subse-
quent HIV seroconversion, but they are not a guar-
antee of protection. Prophylaxis should be reserved
for exposures that are associated with a credible
possibility of HIV transmission, usually considered
to be at least a 0.1% risk of transmission from a
source patient who is known to be HIV-positive or
a source patient whose serologic status is unknown
but who is at high risk for HIV infection. The man
described in the vignette, who presented within 72
hours after receptive anal intercourse with a man
who had an unknown serologic status and who
was from a high-risk group (@ man who had sex
with men), should be offered postexposure pro-
phylaxis. The regimen should be initiated as rap-
idly as possible after exposure and continued for
28 days. Testing for other sexually transmitted in-
fections, including HBV and HCV infections, is
also warranted. Vaccination against HBV and pro-
phylactic therapy with immune globulin for HBV
infection should be administered if indicated.”

Although data comparing different regimens for
prophylaxis are lacking, we would recommend a
28-day course of tenofovir plus emtricitabine with
or without a boosted protease inhibitor such as
ritonavir-lopinavir; however, other combinations
of two or three drugs would also be reasonable.
Efforts to promote adherence to postexposure
prophylaxis and referrals for counseling regarding
risk reduction, as well as mental health, substance
abuse, and domestic violence services, as appropri-
ate, should be considered to be an integral part of
programs for patients who receive postexposure
prophylaxis.

Dr. Landovitz reports receiving lecture fees from an indepen-
dent continuing-medical-education company that received sup-
port from Pfizer; and Dr. Currier, serving on paid advisory
boards for Merck, Pfizer, Bristol-Myers Squibb Virology, and
Tibotec and receiving consulting fees from GlaxoSmithKline,
lecture fees from GlaxoSmithKline Italy, and grant support to
the University of California at Los Angeles from Tibotec, Scher-

ing-Plough, Theratechnologies, and Merck. No other potential
conflict of interest relevant to the article was reported.

REFERENCES

1. Hall HI, Song R, Rhodes P, et al. Esti-
mation of HIV incidence in the United
States. JAMA 2008;300:520-9.

2. Report on the global AIDS epidemic.
Geneva: Joint United Nations Programme
on HIV/AIDS, 2008. (Accessed October 2,
2009, at  http://data.unaids.org/pub/
GlobalReport/2008/JC1511_GRO8_
ExecutiveSummary_en.pdf.)

3. LaFon SW, Mooney BD, McMullen JP,
et al. A double-blind, placebo-controlled
study of the safety and efficacy of Retrovir
(zidovudine, ZDV) as a chemoprophylactic
agent in health care workers (HCW) ex-
posed to HIV. In: Program and abstracts of
the 30th Interscience Conference on Anti-
microbial Agents and Chemotherapy, At-
lanta, October 21-24, 1990. Atlanta: Amer-
ican Society for Microbiology, 1990:167.

4. Cardo DM, Culver DH, Ciesielski CA,
et al. A case—control study of HIV sero-
conversion in health care workers after
percutaneous exposure. N Engl ] Med 1997;
337:1485-90.

5. Roland ME, Elbeik TA, Kahn JO, et al.
HIV RNA testing in the context of nonoc-
cupational postexposure prophylaxis. J In-
fect Dis 2004;190:598-604.

6. Ippolito G, Puro V, De Carli G. The
risk of occupational human immunodefi-
ciency virus infection in health care work-
ers. Arch Intern Med 1993;153:1451-8.

7. Antiretroviral postexposure prophylax-
is after sexual, injection drug use, or other
nonoccupational exposure to HIV in the
United States: recommendations from the
U.S. Department of Health and Human
Services. Atlanta: Centers for Disease
Control and Prevention, 2005.

N ENGLJ MED 361,18

8. Dowers KA, Poole C, Pettifor AE, Co-
hen MS. Rethinking the heterosexual in-
fectivity of HIV-1: a systematic review and
meta-analysis. Lancet Infect Dis 2008;8:
553-63.

9. Boily MC, Baggalaey RF, Wang L, et
al. Heterosexual risk of HIV-1 infection per
sexual act: systematic review and meta-
analysis of observational studies. Lancet
Infect Dis 2009;9:118-29.

10. Lifson AR, O’Malley PM, Hessol NA,
Buchbinder SP, Cannon L, Rutherford GW.
HIV seroconversion in two homosexual
men after receptive oral intercourse with
ejaculation: implications for counseling
concerning safe sexual practices. Am J
Public Health 1990;80:1509-11.

11. Rozenbaum W, Gharakhanian S,
Cardon B, Duval E, Coulaud JP. HIV
transmission by oral sex. Lancet 1988;
1:1395.

12. Kaplan EH, Heimer R. HIV incidence
among New Haven needle exchange partici-
pants: updated estimates from syringe
tracking and testing data. J Acquir Immune
Syndr Hum Retrovirol 1995;10:175-6.

13. Updated U.S. Public Health Service
guidelines for the management of occu-
pational exposures to HIV and recom-
mendations for postexposure prophylaxis.
Atlanta: Centers for Disease Control and
Prevention, September 30, 2005.

14. Offering HIV post-exposure prophylax-
is (PED) following non-occupational expo-
sures: recommendations for health care
providers in the state of California. Sacra-
mento: California Task Force on Non-Occu-
pational PEP, California Department of
Health Services Office of AIDS, June 2004.

15. HIV prophylaxis following non-occu-
pational exposure including sexual as-
sault. Albany: New York State Department
of AIDS Health Institute, 2004.

16. Nonoccupational HIV PEP Task
Force, Brown University AIDS Program,
Rhode Island Department of Health.
Nonoccupational human immunodefi-
ciency virus postexposure prophylaxis
guidelines for Rhode Island healthcare
practitioners. Providence: Brown Univer-
sity AIDS Program, Rhode Island De-
partment of Health, 2002.

17. Post-exposure prophylaxis to prevent
HIV infection: joint WHO/ILO guidelines
on post-exposure prophylaxis (PEP) to
prevent HIV infection. Geneva: World
Health Organization, 2007.

18. Tsai CC, Follis KE, Sabo A, et al. Pre-
vention of SIV infection in macaques by
(R)-9-(2-phosphonylmeth-oxypropyl)ade-

nine. Science 1995;270:1197-9.

19. Otten RA, Smith DK, Adams DR, et al.
Efficacy of postexposure prophylaxis af-
ter intravaginal exposure of pig-tailed
macaques to a human-derived retrovirus
(human immunodeficiency virus type 2).
J Virol 2000;74:9771-5.

20. Wade NA, Birkhead GS, Warren BL, et
al. Abbreviated regimens of zidovudine
prophylaxis and perinatal transmission of
the human immunodeficiency virus.
N Engl J Med 1998;339:1409-14.

21. Tsai CC, Emau P, Follis KE, et al. Ef-
fectiveness of postinoculation (R)-9-(2-
phosphonylmethoxypropyl) adenine treat-
ment for prevention of persistent simian
immunodeficiency virus SIVmne infection
depends critically on timing of initiation

NEJM.ORG OCTOBER 29, 2009

Downloaded from www.nejm.org on December 7, 2009 . For personal use only. No other uses without permission.

Copyright © 2009 Massachusetts Medical Society. All rights reserved.



and duration of treatment. J Virol 1998;
72:4265-73.

22. Gulick RM, Mellors JW, Havlir D, et
al. Treatment with indinavir, zidovudine,
and lamivudine in adults with human im-
munodeficiency virus infection and prior
antiretroviral therapy. N Engl ] Med 1997;
337:734-9.

23. Staszewski S, Morales-Ramirez J,
Tashima KT, et al. Efavirenz plus zidovu-
dine and lamivudine, efavirenz plus
indinavir, and indinavir plus zidovudine
and lamivudine in the treatment of HIV-1
infection in adults. N Engl J Med 1999;
341:1865-73.

24. Lennox J, Dejesus E, Lazzarin A, et al.
STARTMRK, a Phase III study of the safety
and efficacy of raltegravir (RAL)-based vs
efavirenz (EFV)-based combination therapy
in treatment-naive HIV-infected patients.
In: Program and abstracts of the 48th In-
ternational Conference on Antimicrobial
Agents and Chemotherapy, Washington,
DC, October 25-28, 2008. abstract.

25. Keele BF, Giorgi EE, Salazar-Gonzalez
JF, et al. Identification and characteriza-
tion of transmitted and early founder virus
envelopes in primary HIV-1 infection. Proc
Natl Acad Sci U S A 2008;105:7552-7.

26. Puro V, De Carli G, Orchi N, et al.
Short-term adverse effects from and dis-
continuation of antiretroviral post-expo-
sure prophylaxis. J Biol Regul Homeost
Agents 2001;15:238-42.

27. Bassett 1V, Freedberg KA, Walensky
RP. Two drugs or three? Balancing effi-
cacy, toxicity, and resistance in postexpo-
sure prophylaxis for occupational expo-
sure to HIV. Clin Infect Dis 2004;39:
395-401.

28. Gallant JE, DeJesus E, Arribas JR, et
al. Tenofovir DF, emtricitabine, and efa-
virenz vs. zidovudine, lamivudine, and
efavirenz for HIV. N Engl J Med 2006;
354:251-60.

29. Mayer KH, Mimiaga MJ, Cohen D, et
al. Tenofovir DF plus lamivudine or
emtricitabine for nonoccupational postex-
posure prophylaxis (NPEP) in a Boston
community health center. J Acquir Im-
mune Defic Syndr 2008;47:494-9.

30. Guidelines for the use of antiretrovi-
ral agents in HIV-l-infected adults and
adolescents. Washington, DC: Depart-
ment of Health and Human Services,
2008. (Accessed October 2, 2009, at http://
www.aidsinfo.nih.gov/contentfiles/
AdultandAdolescentGL.pdf)

31. Serious adverse events attributed to
nevirapine regimens for postexposure pro-
phylaxis after HIV exposures — worldwide,
1997-2000. MMWR Morb Mortal Wkly
Rep 2001;49:1153-6.

32. Patel SM, Johnson S, Belknap SM,
Chan J, Sha BE, Bennett C. Serious ad-
verse cutaneous and hepatic toxicities as-
sociated with nevirapine use by non-HIV-
infected individuals. J Acquir Immune
Defic Syndr 2004;35:120-5.

N ENGLJ MED 361,18

Downloaded from www.nejm.org on December 7, 2009 . For personal use only. No other uses without permission.

CLINICAL PRACTICE

33. Kahn JO, Martin JN, Roland ME, et al.
Feasibility of postexposure prophylaxis
(PEP) against human immunodeficiency
virus infection after sexual or injection
drug use exposure: the San Francisco PEP
Study. J Infect Dis 2001;183:707-14.

34. Roland M, Neilands T, Krone M, et al.
A randomized trial of standard versus en-
hanced risk reduction counseling for indi-
viduals receiving post-exposure prophy-
laxis following sexual exposures to HIV.
In: Proceedings of the 13th Conference on
Retroviruses and Opportunistic Infections,
Denver, February 5-8, 2006. abstract.

35. DPaterson DL, Swindells S, Mohr J, et
al. Adherence to protease inhibitor thera-
py and outcomes in patients with HIV in-
fection. Ann Intern Med 2000;133:21-30.
36. Updated U.S. Public Health Service
guidelines for the management of occu-
pational exposures to HBV, HCV, and HIV
and recommendations for postexposure
prophylaxis. Atlanta: Centers for Disease
Control and Prevention, June 29, 2001.

37. Browne R, Asboe D, Gilleece Y, et al.
Increased numbers of acute hepatitis C
infections in HIV positive homosexual men:
is sexual transmission feeding the in-
crease? Sex Transm Infect 2004;80:326-7.
38. Ghosn]J, Pierre-Francois S, Thibault V,
et al. Acute hepatitis C in HIV-infected
men who have sex with men. HIV Med
2004;5:303-6.

39. Gotz HM, van Doornum G, Niesters
HG, den Hollander JG, Thio HB, de Zwart
O. A cluster of acute hepatitis C virus infec-
tion among men who have sex with men
— results from contact tracing and public
health implications. AIDS 2005;19:969-74.
40. Dienstag JL, McHutchison JG. Ameri-
can Gastroenterological Association tech-
nical review on the management of hepati-
tis C. Gastroenterology 2006;130:231-64.
41. Gaines H, von Sydow M, Sonnerborg
A, etal. Antibody response in primary hu-
man immunodeficiency virus infection.
Lancet 1987;1:1249-53.

42. Marlink RG, Allan JS, McLane MF, Es-
sex M, Anderson KC, Groopman JE. Low
sensitivity of ELISA testing in early HIV
infection. N Engl J Med 1986;315:1549.
43. Branson BM. State of the art for diag-
nosis of HIV infection. Clin Infect Dis
2007;45:Suppl 4:5221-8225.

44, Ippolito G, Puro V, Heptonstall J, Jag-
ger J, De Carli G, Petrosillo N. Occupa-
tional human immunodeficiency virus
infection in health care workers: world-
wide cases through September 1997. Clin
Infect Dis 1999;28:365-83.

45. Abbas UL, Anderson RM, Mellors JW.
Potential impact of antiretroviral chemo-
prophylaxis on HIV-1 transmission in re-
source-limited settings. PLoS One 2007;
2(9):e875.

46. Martin JN, Roland ME, Neilands TB,
et al. Use of postexposure prophylaxis
against HIV infection following sexual
exposure does not lead to increases in

high-risk behavior. AIDS 2004;18:787-
92.

47. Schechter M, do Lago RF, Mendelsohn
AB, Moreira RL, Moulton LH, Harrison
LH. Behavioral impact, acceptability, and
HIV incidence among homosexual men
with access to postexposure chemopro-
phylaxis for HIV. J Acquir Immune Defic
Syndr 2004;35:519-25.

48. Shoptaw S, Rotheram-Fuller E,
Landovitz R, et al. Non-occupational post
exposure prophylaxis as a biobehavioral
HIV-prevention intervention. AIDS Care
2008;20:376-81.

49. Roland ME, Neilands TB, Krone MR,
et al. Seroconversion following nonoccu-
pational postexposure prophylaxis against
HIV. Clin Infect Dis 2005;41:1507-13.

50. Prada N, Davis B, Jean-Pierre D, et al.
Drug-susceptible HIV-1 infection despite
intermittent fixed-dose combination ten-
ofovirfemtricitabine as prophylaxis is as-
sociated with low-level viremia, delayed
seroconversion, and an attenuated clini-
cal course. J Acquir Immune Defic Syndr
2008;49:117-22.

51. Bessesen M, Ives D, Condreay L, Law-
rence S, Sherman KE. Chronic active hep-
atitis B exacerbations in human immuno-
deficiency virus-infected patients following
development of resistance to or withdraw-
al of lamivudine. Clin Infect Dis 1999;
28:1032-5.

52. Méchai F, Quertainmont Y, Sahali S,
Delfraissy JF, Ghosn J. Post-exposure pro-
phylaxis with a maraviroc-containing regi-
men after occupational exposure to a
multi-resistant HIV-infected source per-
son. ] Med Virol 2008;80:9-10.

53. Siegel MO, Kan VL, Benator DA.
Raltegravir for postexposure prophylaxis
following occupational exposure to HIV.
AIDS 2008;22:2552-3.

54. Mayer K, Mimiaga M, Gelman M,
Trufant J, Maynard S, McMorrow P. Teno-
fovir DF/emtricitabine/raltegravir (TDF/
FTC/RAL) appears well-tolerated for non-
occupational post-exposure prophylaxis.
In: Proceedings of the 5th IAS Conference
on HIV Pathogenesis, Treatment, and Pre-
vention, Cape Town, South Africa, July
19-22, 2009. abstract.

55. Updated information regarding anti-
retroviral agents used as HIV postexpo-
sure prophylaxis for occupational HIV
exposures. MMWR Morb Mortal WKkly
Rep 2007;56:1291-2.

56. HIV prophylaxis following occupa-
tional exposure. Albany: New York State
Department of Health AIDS Institute,
2008.

57. Bloodborne pathogens and needle-
stick prevention: post-exposure evalua-
tion. Washington, DC: Occupational
Safety & Health Administration, 2009.
(Accessed October 2, 2009, at http://www.
osha.gov/SLTC/bloodbornepathogens/
postexposure.html.)

Copyright © 2009 Massachusetts Medical Society.

NEJM.ORG OCTOBER 29, 2009

Copyright © 2009 Massachusetts Medical Society. All rights reserved.

1775



