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OON after the acquired immunodeficiency syn-
drome (AIDS) was first described in 1981,

 

1-4 

 

it
became clear that opportunistic infections oc-

curred with remarkable frequency and caused sub-
stantial morbidity and mortality among patients with
AIDS. On the basis of a series of clinical trials, chemo-
prophylaxis to prevent initial episodes of certain op-
portunistic infections (primary prophylaxis) and sub-
sequent episodes (secondary prophylaxis) became the
standard of care. The success of highly active antiret-
roviral therapy (defined as combination antiretroviral
regimens that include either a potent viral-protease
inhibitor or a nonnucleoside reverse-transcriptase in-
hibitor) in reducing the incidence of AIDS-related
opportunistic infections and consequent morbidity
and mortality has led to a reassessment of the role of
prophylaxis against these infections in patients with
human immunodeficiency virus (HIV) infection who
have durable antiviral responses.

 

5-8

 

 The Public Health
Service and the Infectious Diseases Society of Amer-
ica have recently published revised guidelines for the
prevention of opportunistic infections in patients with
HIV infection.

 

9

 

 In this review we provide a perspec-
tive on these guidelines and on the principles and re-
cent developments that we think should form the
basis for modifications in the approach to the pre-
vention of both initial episodes and recurrences or
relapses of these infections.

 

CURRENT EPIDEMIOLOGY OF 

OPPORTUNISTIC INFECTIONS

 

Reports from individual institutions as well as large,
multicenter studies have documented dramatic de-

S

 

creases in the occurrence of opportunistic infections
since the introduction of combination antiretroviral
regimens, especially regimens that include HIV-pro-
tease inhibitors.

 

5-8

 

 The declining incidence of virtual-
ly all opportunistic infections is highlighted by a recent
report from the prospective observational Adult/Ado-
lescent Spectrum of HIV Disease cohort study, which
described the incidence of opportunistic infections
from 1992 to 1997 in more than 22,000 patients,
with nearly 36,000 person-years of follow-up.

 

6

 

 The
incidence of all opportunistic infections decreased by
55 percent from 1992 to 1997 (highly active antiret-
roviral therapy first became commercially available in
1995). The percentage decline was steeper for some
opportunistic infections, such as 

 

Mycobacterium avi-
um

 

 complex and cytomegalovirus infections, than for
others, such as 

 

Pneumocystis carinii

 

 infection (Fig.
1). Cytomegalovirus retinitis had the greatest rate of
decline, and non-Hodgkin’s lymphoma had the least
among those reported elsewhere.

 

11-14

 

 The variation
among rates of decline in the incidence of specific op-
portunistic infections in patients receiving highly ac-
tive antiretroviral therapy suggests that the immune re-
constitution induced by this therapy does not protect
equally against all opportunistic complications. How-
ever, other factors, such as greater use of antimicro-
bial prophylaxis or changes in diagnostic and therapeu-
tic approaches, may also have a role in this variation.

In 1997, despite the reductions in the incidence
of opportunistic infections attributed to highly ac-
tive antiretroviral therapy, the absolute rates of these
infections were still high. 

 

P. carinii

 

 pneumonia, for
example, occurred at a rate of 46 cases per 1000 pa-
tient-years.

 

6

 

 In 1997 the lack of adherence to guide-
lines for the prevention of opportunistic infections,

 

15

 

which have been published since 1989 for 

 

P. carinii

 

pneumonia

 

16

 

 and since 1993 for 

 

M. avium

 

 complex
infection,

 

17

 

 was substantial; among patients who met
the criteria in the guidelines, 20 percent were not re-
ceiving prophylaxis against 

 

P. carinii

 

 pneumonia and
more than 50 percent were not receiving prophylaxis
against 

 

M. avium

 

 complex. These results suggest that
a more vigorous focus on implementing strategies
for the prevention of opportunistic infections could
provide further clinical benefit.

Emphasis on specific measures to prevent oppor-
tunistic infections is important because of the limita-
tions of highly active antiretroviral therapy. Although
many patients benefit from antiretroviral therapy, not
all patients are willing to take it, many patients can-
not tolerate or adhere to the complex drug regimens
that constitute this therapy, and immunity may not
be restored to a level that substantially reduces the
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risk of opportunistic infection. Furthermore, HIV is
expected to develop resistance to current therapies
in many patients (probably more than 50 percent) in
whom highly active antiretroviral therapy is initially
successful, with a subsequent decline in immunologic
function and an increase in susceptibility to infection.

 

8

 

IMMUNOLOGIC SUSCEPTIBILITY 

TO INFECTION

 

Susceptibility to opportunistic infections increases
as HIV-induced immunodeficiency becomes more
severe. Among patients with HIV infection, CD4
T-lymphocyte counts continue to be the best-vali-

dated predictors of the likelihood of an opportunis-
tic infection. Although plasma viral levels independ-
ently provide important prognostic information with
regard to the risk of AIDS,

 

18-20

 

 the risk of specific
opportunistic infections has not yet been adequately
related to plasma viral levels. Thus, current guide-
lines

 

9

 

 for initiating prophylaxis do not include crite-
ria based on plasma viral load.

To predict the likelihood of opportunistic infection
and to initiate prophylaxis, most clinicians use the
absolute CD4 cell count rather than the percentage
of total lymphocytes that are CD4 cells. The percent-
age is directly measured and appears to be more re-

 

Figure 1.

 

 Incidence of Selected Opportunistic Infections in Patients with HIV Infection, 1992 through
1997, Based on Data from the Adult/Adolescent Spectrum of HIV Disease Cohort Study.

 

6

 

The incidence of all opportunistic infections meeting the CDC criteria

 

10

 

 is shown in the upper panel,
and the incidence of individual infections in the lower panel. The shaded areas indicate the period of
wide availability of highly active antiretroviral therapy (HAART). The decline after 1995 reflects in large
part the effect of highly active antiretroviral therapy.
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producible; the absolute number is calculated from
the percentage. However, almost all the clinical liter-
ature has focused on absolute CD4 cell counts, and
therefore clinicians continue to use these counts. In
some patients, the percentage of CD4 cells corre-
lates better with susceptibility to infection than does
the absolute CD4 cell count; these patients include
pregnant women, young children, and patients who
have undergone splenectomy.

 

21-23

 

In studies conducted before highly active antiretro-
viral therapy became available, patients with CD4 cell
counts above 200 per cubic millimeter were found
to be at low risk for the majority of AIDS-defining
opportunistic infections.

 

24

 

 In these studies, the risk
of individual opportunistic infections increased in a
hierarchical fashion relative to decreases in the CD4
cell count. Prospective and retrospective studies iden-
tified 200 CD4 cells per cubic millimeter as the level
at which the incidence of 

 

P. carinii

 

 pneumonia be-
came high enough that prophylaxis was warranted.

 

16,24

 

Similar studies identified thresholds at which other
opportunistic infections could be expected to occur
with considerable frequency. For disease due to cy-
tomegalovirus, 

 

M. avium

 

 complex, cryptosporidium,
and toxoplasma, for example, this threshold was ap-
proximately 50 to 100 cells per cubic millimeter, con-
siderably lower than the threshold for 

 

P. carinii

 

 pneu-
monia. For other opportunistic pathogens, such as

 

M. tuberculosis

 

 and candida species, the threshold was
considerably higher than for 

 

P. carinii

 

 pneumonia,
and some candidal and tuberculosis disease occurred
even in patients with high CD4 cell counts.

The profound immune reconstitution that occurs
in patients treated with highly active antiretroviral
therapy raises an important question: Has the rela-
tion between the CD4 cell count and the occur-
rence of opportunistic infections been altered by this
treatment? Data from a variety of sources suggest
that this relation has not changed in any obvious or
substantial manner.

The EuroSIDA study (a prospective observational
study involving approximately 7300 patients) exam-
ined the risk of AIDS-defining opportunistic infec-
tions or death in patients with CD4 cell counts above
200 per cubic millimeter as a function of the nadir
CD4 cell counts (Fig. 2).

 

25

 

 The incidence of infec-
tion in a multivariate analysis was about three times
as high among patients with a nadir CD4 cell count
of less than 150 per cubic millimeter as among pa-
tients with nadir CD4 cell counts above 150 per cubic
millimeter. However, the incidence rates were much
lower, regardless of the nadir value, among patients
whose CD4 cell counts rose above 200 per cubic mil-
limeter than among patients whose CD4 cell counts
remained below 50 per cubic millimeter (3.7 to 8.1 vs.
72.9 episodes per patient-year). Thus, patients whose
CD4 cell counts rise from below 200 per cubic mil-
limeter to above 200 per cubic millimeter are sub-

stantially protected against opportunistic infections,
regardless of how low the nadir CD4 cell count was.

If patients with CD4 cell counts above 200 cells
per cubic millimeter are substantially protected from
opportunistic infection, despite their previous nadir
count, can those taking prophylactic regimens safely
discontinue such therapy? Several prospective obser-
vational or controlled studies (summarized below)
have demonstrated that specific prophylactic regimens
can be safely discontinued in patients in whom CD4
cell counts have increased above the thresholds for
initiating prophylaxis. Thus, even in patients with a
substantially lower prior CD4 cell count, the most
recent confirmed CD4 cell count continues to be the
best predictor of the risk of opportunistic infections
and should be used in making decisions about initi-
ating or maintaining prophylactic regimens to pre-
vent opportunistic infections.

 

PREVENTION OF OPPORTUNISTIC 

INFECTIONS

 

Several principles can help guide the development
of a clinical approach to preventing opportunistic in-
fections. First, the incidence of opportunistic infec-
tions caused by certain nonubiquitous pathogens,
which are acquired after HIV infection is recognized,
can probably be reduced by avoiding exposure to
the pathogen. 

Second, as noted above, a recent CD4 cell count
is the best predictor of immunologic susceptibility
to opportunistic infection. However, the risk of op-
portunistic infection in relation to CD4 cell count
varies continuously over the spectrum of CD4 cell
counts rather than changing in an all-or-none man-
ner. Figure 3 shows the CD4 cell counts within six
months before an episode of 

 

P. carinii

 

 pneumonia
in patients in the Multicenter AIDS Cohort Study
during the era before antiretroviral therapy was avail-
able. Twenty-three percent of these cases of 

 

P. carinii

 

pneumonia occurred in patients who did not meet the
current CD4 cell criteria for initiating prophylaxis. 

Third, no prophylactic intervention is 100 percent
effective, and each intervention, whether it involves be-
havioral modifications, immunization, or chemopro-
phylaxis, has potential inconvenience, toxicity, environ-
mental effect, or financial cost that must be weighed
in considering whether the intervention is appropri-
ate for an individual patient.

When a patient is first evaluated for HIV infection,
screening is useful for determining prior exposure to
certain pathogens. A tuberculin skin test should be
performed in every patient with newly diagnosed HIV
infection, except for those who already have had a
positive test result. Testing should be repeated annu-
ally.

 

26

 

 It is also useful to obtain an antitoxoplasma an-
tibody test, an anticytomegalovirus antibody test,

 

27,28

 

and serologic tests for hepatitis A, B, and C. In ad-
dition, a history of likely exposures, such as potential
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occupational exposure to tuberculosis or residence in
or travel to areas where infection with histoplasma,
coccidioides, various enteric pathogens, or vector-
borne protozoa (e.g., leishmania or trypanosome spe-
cies) is endemic, can help guide counseling.

 

Reduction of Exposure to Pathogens

 

Many AIDS-related opportunistic infections are
caused by pathogens that are ubiquitous in the envi-
ronment, and disease may occur because of continu-
ous exposure (Table 1). Alternatively, pathogens that
are either common or uncommon in the environment
may cause disease by reactivation of a latent infection
acquired in the past. For pathogens that are ubiqui-
tous (e.g., 

 

P. carinii

 

 and 

 

M. avium

 

 complex), it is im-
practical to reduce exposure substantially. However, it
is logical to avoid high-intensity exposure, such as
sharing a room with a patient with active 

 

P. carinii

 

pneumonia, in order to reduce the potential for rein-
fection with a new strain of 

 

P. carinii

 

, since reinfec-
tion has been implicated in some cases.

 

29,30

 

Avoidance of exposure is feasible for some patho-
gens.

 

31

 

 Patients may benefit from counseling about
the potential of acquiring tuberculosis in certain high-
risk occupational settings, such as correctional facil-
ities or health care facilities, and about avoiding ex-
posure to certain enteric organisms from contact with
young animals or consumption of unprocessed sur-
face water (Table 1).

 

Immunization

 

Because of the frequency of pneumococcal respi-
ratory infections, all patients with HIV infection
should receive pneumococcal vaccine. The vaccine
is inexpensive, easy to administer, and safe.

 

32,33

 

 Re-
peated immunization at least every three to five years
may be beneficial, because antibody titers wane rap-
idly in patients with HIV infection.

 

34

 

 Patients who
were first immunized when their CD4 cell counts
were below 200 per cubic millimeter should prob-
ably be reimmunized if the count increases above
that value, although the increase in serum titers of

 

Figure 2.

 

 Nadir CD4 Cell Counts and Incidence Rates of Opportunistic Infections in Patients with HIV
Infection. 
The data are from the EuroSIDA study.

 

25

 

 Patients who had increases in CD4 cell counts to more than
200 per cubic millimeter in response to highly active antiretroviral therapy are grouped according to
the lowest measured CD4 cell count. The values below the graph are the incidence rates for all oppor-
tunistic infections for the individual groups and, in parentheses, the 95 percent confidence intervals.
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IgG against specific pneumococcal strains may be
marginal.

 

35

 

Patients who have no evidence of prior infection
with hepatitis B and who are at risk for acquiring it
should receive hepatitis B vaccine, especially if they
are infected with hepatitis C. Because patients in-
fected with hepatitis B or hepatitis C may be at in-
creased risk for severe liver damage if they acquire
hepatitis A,

 

36

 

 they should receive hepatitis A vaccine
if they are seronegative for hepatitis A. Although
there is no evidence that influenza is more severe or
more frequent in HIV-infected patients than in oth-
ers, it is reasonable to recommend influenzavirus vac-
cine annually.

 

37

 

There has been considerable discussion about the
possibility that immunization could cause an increase
in plasma HIV viral load by activating CD4 cells,
which may increase the susceptibility of these cells to
infection by HIV. However, there are no convincing
data that immunization causes sustained or clinically
important increases in plasma levels of HIV RNA.

 

37

 

Thus, immunization with killed microbial products
or recombinant products is considered safe. Live-
virus vaccines (e.g., oral poliovirus, measles, varicel-
la, mumps, and yellow fever vaccines) should prob-
ably not be given to adults with HIV.

Susceptible patients (those who are seronegative
for varicella–zoster or have no history of chickenpox

 

Figure 3.

 

 Cases of 

 

Pneumocystis carinii

 

 Pneumonia in Relation to Recent CD4 Cell Count.
Each dot represents one of the 238 cases of 

 

P. carinii

 

 pneumonia in the Multicenter AIDS Cohort Study
through July 1988, before the availability of antiretroviral drugs. The axes show the most recent CD4
cell counts (all within six months before the episode of 

 

P. carinii

 

 pneumonia). The number and per-
centage in each quadrant show the fraction of the 238 cases that fell within that quadrant of the graph.
Cases indicated by a red dot represent patients who had either oral candidiasis or prolonged fever be-
fore having 

 

P. carinii

 

 pneumonia, and who therefore would have been identified as candidates for pro-
phylaxis against 

 

P. carinii

 

 pneumonia independently of their CD4 cell counts. The dotted lines indicate
the thresholds for initiating prophylaxis. Data courtesy of John Phair, M.D., and Alvaro Munoz, Ph.D.,
Multicenter AIDS Cohort Study.
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FFECTIVE
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NTERVENTION

 

Pneumocystis carinii

 

Avoid close contact with patients who have ac-
tive 

 

P. carinii

 

 pneumonia (e.g., avoid sharing 
hospital room).

 

Toxoplasma gondii

 

Avoid eating undercooked red meat and expo-
sure to cats that scavenge for food outdoors.

Cryptosporidium Avoid drinking unprocessed ground water (e.g., 
from lakes or streams); use properly boiled, 
bottled, or filtered water; avoid household 
pets less than 6 months of age, especially 
those that were obtained from commercial 
breeders or pet shelters, that were previously 
strays, or that have diarrhea; emphasize good 
hygiene in child care.

 

Mycobacterium 
tuberculosis

 

Avoid high-risk occupational settings, such as 
correctional facilities, homeless shelters, and 
certain health care situations.

Cytomegalovirus If patient is seronegative for cytomegalovirus, 
avoid transfusion with cytomegalovirus-sero-
positive or unfiltered blood products; avoid 
unprotected sexual exposure. Emphasize 
good hygiene in child care.

Human papillomavirus,
herpes simplex virus,
and hepatitis B

Avoid unprotected sexual exposure.

 

Histoplasma 
capsulatum

 

In areas of endemic disease, avoid high-risk 
activities such as exploring caves or cleaning 
chicken coops; avoid exposure to feces of wild 
birds.
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or shingles) who have been exposed to chickenpox
or shingles should receive varicella–zoster immune
globulin as soon as possible (but definitely within 96
hours) after exposure. The efficacy of preemptive ther-
apy with acyclovir, famciclovir, or valacyclovir after
exposure in these patients is unknown.

Primary Chemoprophylaxis

P. carinii

Primary prophylaxis against P. carinii pneumonia
is indicated for patients with CD4 cell counts below
200 per cubic millimeter and for patients with a his-
tory of oropharyngeal candidiasis (Table 2).9,16,24 In
patients with a history of substantial unexplained
weight loss,38 a prior AIDS-defining event,39 unex-
plained fever for more than two weeks,24 or a prior
episode of any type of pneumonia,39 prophylaxis
should also be strongly considered. Initiating pro-
phylaxis at CD4 cell counts below 250 per cubic
millimeter may be more efficient in including pa-
tients at highest risk,39 especially for patients with in-
frequent laboratory monitoring, a high plasma viral
load (more than 10,000 to 20,000 copies per milli-
liter), or a recent steep decline in the CD4 cell count.

The regimen of choice for primary prophylaxis
against P. carinii pneumonia is trimethoprim–sulfa-

methoxazole, either one double-strength tablet (80
mg of trimethoprim plus 400 mg of sulfamethoxa-
zole) or one single-strength tablet (40 mg of tri-
methoprim plus 200 mg of sulfamethoxazole) dai-
ly.9,16,40-43 A trimethoprim–sulfamethoxazole regimen
of one double-strength tablet three times weekly is not
as effective as a daily regimen, although it is better tol-
erated.44 Adverse reactions are common, but every ef-
fort should be made to continue prophylaxis because
trimethoprim–sulfamethoxazole is more active against
P. carinii pneumonia than alternative regimens, and
it also provides protection against toxoplasmosis,45

bacterial respiratory infections,43 and possibly some
enteric pathogens. If trimethoprim–sulfamethoxazole
is discontinued because of a non¡life-threatening ad-
verse reaction, patients should be rechallenged with
a regimen of gradual dose escalation.43,46,47

Alternative antipneumocystis regimens with doc-
umented efficacy are summarized in Table 2.40-44,48-52

Concern about the development of resistance has
arisen from reports of an increase in the frequency
of mutations in the gene encoding P. carinii dihy-
dropteroate synthase, the enzyme targeted by the
sulfonamides. However, there is no clinical evidence
that trimethoprim–sulfamethoxazole prophylaxis is
becoming less effective.53-55

TABLE 2. DRUG REGIMENS FOR PRIMARY PROPHYLAXIS AGAINST OPPORTUNISTIC INFECTIONS 
IN PATIENTS WITH HIV INFECTION.

PATHOGEN FIRST CHOICE ALTERNATIVES

Pneumocystis carinii Trimethoprim–sulfamethoxazole, 1 double-
strength tablet orally per day or 1 single-
strength tablet orally per day

Trimethoprim–sulfamethoxazole, 1 double-strength 
tablet orally 3 times a week; dapsone, 50 mg orally 
twice a day or 100 mg orally per day; dapsone, 50 mg 
orally per day, plus pyrimethamine, 50 mg orally once 
a week, plus leucovorin, 25 mg orally once a week; 
dapsone, 200 mg orally once a week, plus pyrimeth-
amine, 75 mg orally once a week, plus leucovorin, 
25 mg orally once a week; atovaquone, 1500 mg 
orally per day; aerosolized pentamidine, 300 mg 
monthly by Respirgard II nebulizer

Toxoplasma gondii Trimethoprim–sulfamethoxazole, 1 double-
strength tablet orally per day

Trimethoprim–sulfamethoxazole, 1 single-strength tab-
let orally per day; dapsone, 50 mg orally per day, plus 
pyrimethamine, 50 mg orally once a week, plus leu-
covorin, 25 mg orally once a week; atovaquone, 1500 
mg orally per day

Mycobacterium tuberculosis
Isoniazid-sensitive source case

(if known)
Isoniazid, 300 mg orally per day, plus pyridox-

ine, 50 mg orally per day, for 9 mo; isonia-
zid, 900 mg orally twice a week, plus pyr-
idoxine, 100 mg orally twice a week, for 
9 mo; rifampin, 600 mg orally per day, plus 
pyrazinamide, 20 mg/kg of body weight 
orally per day, for 2 mo

Rifabutin, 300 mg orally per day, plus pyrazinamide, 
20 mg/kg orally per day, for 2 mo; rifampin, 600 mg 
orally per day for 4 mo

Isoniazid-resistant source case
(if known)

Rifampin, 600 mg orally per day, plus pyrazin-
amide, 200 mg/kg orally per day, for 2 mo

Rifabutin, 300 mg orally per day, plus pyrazinamide, 
20 mg/kg orally per day, for 2 mo; rifampin, 600 mg 
orally per day for 4–6 mo; rifabutin, 300 mg orally 
per day for 4–6 mo

Multidrug-resistant (isoniazid
and rifampin)

Choice of drugs requires consultation with 
experts

None

M. avium complex Azithromycin, 1200 mg orally once a week; or 
clarithromycin, 500 mg orally twice a day

Rifabutin, 300 mg orally per day; azithromycin, 1200 
mg orally once a week, plus rifabutin, 300 mg orally 
per day
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Toxoplasma gondii

Patients with serum antitoxoplasma antibodies are
at risk for reactivated toxoplasmosis and should re-
ceive prophylaxis when their CD4 cell counts are
less than 100 per cubic millimeter.9 The regimen of
choice for primary prophylaxis against toxoplasmosis
is trimethoprim–sulfamethoxazole (Table 2).27,45 The
other antipneumocystis regimens listed in Table 2,
except aerosolized pentamidine, are probably also ef-
fective against toxoplasma.27,49,50

M. tuberculosis

Primary prophylaxis is indicated for patients with
a positive tuberculin skin test (induration of more
than 5 mm) who have never been treated for tuber-
culosis, and for patients with recent exposure to
someone with active tuberculosis.26 Unless the strain
causing the index case is known to be drug-resistant,
any of the regimens listed in Table 2 can be used.26,56-62

There has been considerable debate about the op-
timal duration of prophylaxis56-60: a 9-month regi-
men was a consensus recommendation, because a
6-month regimen was less effective than longer reg-
imens and regimens lasting more than 12 months
did not appear to provide additional benefit.26

Among HIV-related opportunistic infections, tu-
berculosis is unusual in that maintenance therapy (sec-
ondary prophylaxis) is not necessary after an ade-
quate course of chemotherapy for active tuberculosis.
Relapse is rare among patients with drug-sensitive
M. tuberculosis infection; when subsequent episodes
occur, some are clearly from reinfection rather than
relapse.26,63

Antituberculous treatment requires monitoring for
drug interactions and toxicity. Isoniazid is hepato-
toxic and should be used cautiously in patients with
hepatitis B or hepatitis C and in patients receiving
other potentially hepatotoxic drugs, such as HIV-
protease inhibitors (especially ritonavir). In addition,
interactions between rifamycins (rifampin, rifabutin,
and rifapentine) and protease inhibitors or nonnu-
cleoside reverse-transcriptase inhibitors can lead to
reduced efficacy or increased toxicity of the antiret-
roviral regimen; rifampin should almost never be ad-
ministered concurrently with these types of drugs,
and rifabutin should be used cautiously.26,64

M. avium Complex

Primary prophylaxis against M. avium complex is
indicated in patients with CD4 cell counts under 50
per cubic millimeter. Either azithromycin or clarith-
romycin is preferred over rifabutin because of their
better efficacy and fewer drug interactions.9,65-67 Az-
ithromycin can have adverse gastrointestinal effects,
but the once-a-week regimen (1200 mg) is conven-
ient, and this drug is associated with fewer drug in-
teractions than clarithromycin, which must be taken
twice daily. The combination of azithromycin plus

rifabutin is more effective than azithromycin alone,
but the increase in efficacy is counterbalanced by the
greater toxicity and drug interactions associated with
rifabutin.67 Like trimethoprim–sulfamethoxazole, cla-
rithromycin and azithromycin appear to reduce the
frequency of bacterial respiratory tract infections,65,67

and azithromycin may have antipneumocystis activi-
ty as well.68

Other Infections

Primary prophylaxis is not routinely recommend-
ed against herpesviruses (cytomegalovirus, herpes sim-
plex virus, and varicella–zoster virus) or fungi (can-
dida species, Cryptococcus neoformans, Histoplasma
capsulatum, and Coccidioides immitis). Ganciclovir is
probably effective for preventing cytomegalovirus
disease,69,70 but oral ganciclovir is expensive, at least
12 large capsules must be taken per day, survival is
not improved, and the development of ganciclovir-
resistant herpesviruses is a concern. Fluconazole is
effective for preventing both mucosal candidiasis and
cryptococcosis,71-73 and itraconazole capsules are ef-
fective for preventing histoplasmosis and cryptococ-
cosis, but not candidiasis.74 However, the expense,
inconvenience, and drug interactions associated with
long-term azole therapy, as well as the potential
promotion of azole-resistant candida species, make
most clinicians reluctant to use azoles for primary
prophylaxis. When candidal disease occurs, short-
term therapy can be instituted with a high rate of
success.

Secondary Prophylaxis

Lifelong secondary prophylaxis for severe or life-
threatening opportunistic infections has generally been
advocated because of their high recurrence rates (Ta-
ble 3). Tuberculosis is an exception to this general
principle; recurrence is unusual after completion of
a six-month regimen for most patients with drug-
sensitive disease. For less severe infections, such as
mucocutaneous candidiasis, mucocutaneous herpes
simplex infection, or dermatomal herpes zoster, treat-
ment of each recurrence is usually preferable to life-
long therapy unless the recurrences are very frequent
or very severe. For secondary prophylaxis against some
opportunistic infections, such as M. avium complex
disease, the same dose schedule as for primary infec-
tion is usually recommended.75-77 For other infections,
such as P. carinii pneumonia,43 cytomegalovirus ret-
initis,78-83 cryptococcal meningitis,84-86 toxoplasmo-
sis,87-89 histoplasmosis,90,91 and coccidioidomycosis,92

the regimen used for short-term therapy can be mod-
ified to provide a less intensive approach to long-
term suppression, with good results.

DRUG INTERACTIONS

Each new medication added to a potentially com-
plex drug regimen raises the chances of intolerance
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TABLE 3. DRUG REGIMENS FOR SECONDARY PROPHYLAXIS AGAINST OPPORTUNISTIC INFECTIONS 
AFTER CHEMOTHERAPY FOR ACUTE INFECTION IN PATIENTS WITH HIV INFECTION.

PATHOGEN FIRST CHOICE ALTERNATIVES

Pneumocystis carinii Trimethoprim–sulfamethoxazole, 1 double-strength tablet oral-
ly per day or 1 single-strength tablet orally per day

Trimethoprim–sulfamethoxazole, 1 double-strength 
tablet orally 3 times a week; dapsone, 50 mg orally 
twice a day or 100 mg orally once a day; dapsone, 
50 mg orally per day, plus pyrimethamine, 50 mg 
orally once a week, plus leucovorin, 25 mg orally 
once a week; dapsone, 200 mg orally once a week, 
plus pyrimethamine, 75 mg orally once a week, plus 
leucovorin, 25 mg orally once a week; atovaquone, 
1500 mg orally per day; aerosolized pentamidine, 
300 mg monthly by Respirgard II nebulizer

Toxoplasma gondii Sulfadiazine, 500–1000 mg orally 4 times a day, plus pyrimeth-
amine, 25–75 mg orally per day, plus leucovorin, 10 mg orally 
per day

Clindamycin, 300 mg orally 4 times a day or 450 mg 
orally 3 times a day, plus pyrimethamine, 25–75 mg 
orally per day, plus leucovorin, 10–25 mg orally per 
day

Mycobacterium avium complex Clarithromycin, 500 mg orally twice a day, plus ethambutol, 15 
mg/kg of body weight orally per day, with or without rifabu-
tin, 300 mg orally per day

Azithromycin, 500 mg orally per day, plus ethambu-
tol, 15 mg/kg orally per day, with or without rifa-
butin, 300 mg orally per day

Cytomegalovirus Ganciclovir, 5–6 mg/kg intravenously 5–7 days a week or 1000 
mg orally 3 times a day; foscarnet, 90–120 mg/kg intrave-
nously per day; (for retinitis) ganciclovir sustained-release im-
plant, every 6–9 mo, plus ganciclovir, 1000 to 1500 mg orally 
3 times a day

Cidofovir, 5 mg/kg intravenously every other week; 
fomivirsen, 1 vial injected into the vitreous, then re-
peated every 2–4 wk; oral valganciclovir is currently 
investigational, but may prove useful

Cryptococcus neoformans Fluconazole, 200 mg orally per day Amphotericin B, 0.6–1.0 mg/kg intravenously 1–3 
times a week; itraconazole, 200 mg orally per day

Histoplasma capsulatum Itraconazole, 200 mg orally twice a day Amphotericin B, 1.0 mg/kg intravenously once a week
Coccidioides immitis Fluconazole, 400 mg orally per day Amphotericin B, 1.0 mg/kg intravenously once a 

week; itraconazole, 200 mg orally twice a day
Salmonella species (not S. typhi) 

bacteremia
Ciprofloxacin, 500 mg orally twice a day for 6–8 mo None

Herpes simplex virus None; if recurrences are severe or frequent, consider acyclovir, 
200 mg orally 3 times a day or 400 mg orally twice a day

Famciclovir, 500 mg orally twice a day; valacyclovir, 
500 mg orally twice a day

Candida (oropharyngeal, 
esophageal, or vaginal)

None; if recurrences are severe or frequent, consider flucona-
zole, 100–200 mg orally per day

Itraconazole solution, 200 mg orally per day

or toxicity (Table 4). Possible pharmacokinetic inter-
actions among antiinfective drugs must also be con-
sidered, especially for drugs that are metabolized by
the hepatic cytochrome P-450 system. Particular at-
tention should be directed toward the interactions of
rifamycins (e.g., rifampin, rifabutin, and rifapentine),
macrolides (especially clarithromycin), azoles (flu-
conazole and itraconazole), and antiretroviral pro-
tease inhibitors and nonnucleoside reverse-transcrip-
tase inhibitors. Some important interactions are listed
in Table 4 and are described in more detail elsewhere.64

DISCONTINUING PROPHYLAXIS

Until recently, recommendations have emphasized
the need to continue primary or secondary prophy-
laxis for life, given the irreversibility of HIV-induced
immunodeficiency (Table 5). If the institution of
highly active antiretroviral therapy restores CD4 cell
counts to levels at which opportunistic infection rare-
ly occurs, can primary or secondary prophylaxis be
safely discontinued? This issue has been most exten-
sively addressed in prospective studies assessing the dis-
continuation of primary prophylaxis against P. carinii
pneumonia93-99 and M. avium complex disease96,100-102

and of secondary prophylaxis against cytomegalovi-
rus retinitis.78,97,103-106

The risk associated with stopping primary prophy-
laxis against pneumocystis appears to be quite low
among patients receiving highly active antiretroviral
therapy whose CD4 cell counts have risen above
200 per cubic millimeter for three to six months
(Table 6). In a Swiss study in which primary prophy-
laxis was stopped in 262 patients who had had CD4
cell counts of at least 200 per cubic millimeter and
in whom at least 14 percent of all lymphocytes had
been CD4 cells for at least 12 weeks, no cases of
P. carinii pneumonia were diagnosed during a me-
dian follow-up period of 11 months (upper 95 per-
cent confidence interval, 1.3 cases per 100 patient-
years), nor did any cases of toxoplasma encephalitis
occur in the 121 seropositive patients (upper 95 per-
cent confidence interval, 2.7 cases per 100 patient-
years).94 These upper confidence limits were sub-
stantially lower than those in a historical control group
with similar base-line characteristics (6.1 cases per 100
patient-years for P. carinii pneumonia and 15.9 cases
per 100 patient-years for toxoplasmosis). Although
most regimens for prophylaxis against P. carinii pneu-
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*NA denotes not applicable.

†The data available are not sufficient to support a recommendation to stop secondary prophylaxis.

TABLE 5. RECOMMENDATION FOR INITIATING AND DISCONTINUING PRIMARY AND SECONDARY PROPHYLAXIS FOR ADULTS 
AND ADOLESCENTS WITH HIV INFECTION.*

PATHOGEN PRIMARY PROPHYLAXIS SECONDARY PROPHYLAXIS

START STOP RESTART START STOP RESTART

Pneumocystis carinii CD4 cell count 
<200/mm3 or 
oropharyngeal 
candidiasis

CD4 cell count 
»200/mm3 for 
3–6 mo

Same as to start Prior P. carinii 
pneumonia

CD4 cell count 
»200/mm3

for 3–6 mo

Same as for pri-
mary prophy-
laxis

Toxoplasma gondii CD4 cell count 
<100/mm3 and 
IgG antibodies 
to toxoplasma

Follow P. carinii 
pneumonia guide-
lines, since all 
agents other than 
aerosol pentami-
dine will have 
some activity

Follow P. carinii 
pneumonia 
guidelines

Prior toxoplasmosis Lifelong† NA

Mycobacterium 
tuberculosis

Tuberculin skin test 
>5 mm (current 
or prior) and never 
treated, or contact 
with active case

NA NA Not indicated NA NA

M. avium complex CD4 cell count 
<50/mm3

CD4 cell count 
>100/mm3 

for 3–6 mo

Same as to start Prior M. avium 
complex disease

Lifelong† NA

Cytomegalovirus Not recommended NA NA Prior cytomegalo-
virus disease

CD4 cell count >100–
150/mm3 for 3–6 mo; 
non–sight-threatening 
lesion, adequate vision 
in other eye, and regu-
lar eye examination

CD4 cell count 
<50/mm3

Herpes simplex virus, 
varicella–zoster virus, 
candida species, Crypto-
coccus neoformans, His-
toplasma capsulatum, 
Coccidioides immitis

Not recommended NA NA Recommended only 
for prior crypto-
coccal, histoplas-
ma, or coccidi-
oides disease

Lifelong for cryptococ-
cal, histoplasma, or 
coccidioides disease†

NA

*AUC denotes area under the curve.

TABLE 4. SELECTED PHARMACOKINETIC INTERACTIONS INVOLVING DRUGS USED TO PREVENT OPPORTUNISTIC INFECTIONS.

TARGETED 
PATHOGEN

PREVENTIVE

 DRUG INTERACTING DRUG EFFECT* COMMENT

Mycobacterium 
avium complex

Clarithromycin Ritonavir Increase in plasma clarithromycin concentrations No adjustment needed

Nevirapine Decrease in plasma clarithromycin AUC, but 
increase in AUC of active metabolite

No adjustment needed

Astemizole, terfenadine, 
cisapride

Increase in plasma astemizole, terfenadine, or 
cisapride AUC, causing prolongation of QT 
interval

Avoid these combinations

Rifabutin Ritonavir, saquinavir, 
delavirdine

Substantial reduction in plasma concentrations 
of antiretroviral drugs and substantial increase 
in plasma rifabutin concentrations

Avoid these combinations

Efavirenz Substantial decrease in rifabutin AUC Increase rifabutin to 450 mg 
daily

Indinavir, nelfinavir, 
amprenavir

Reduction in plasma concentrations of anti-
retroviral drugs and increase in plasma 
rifabutin concentrations

Reduce rifabutin to 150 mg 
daily

Fluconazole Increase in plasma rifabutin concentrations Monitor for toxic effects of rifa-
butin (especially uveitis)

M. tuberculosis Rifampin Indinavir, nelfinavir, 
saquinavir, ritonavir, am-
prenavir

Marked decrease in plasma protease-inhibitor 
concentrations

Avoid these combinations

Delavirdine, nevirapine, 
efavirenz

Marked decrease in plasma antiretroviral-drug 
concentrations

Avoid these combinations

Fungi Fluconazole
Itraconazole
Ketoconazole

Astemizole
Terfenadine
Cisapride

Increase in plasma astemizole, terfenadine, or 
cisapride AUC, causing prolongation of QT 
interval

Avoid these combinations

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by NISHANT VERMA on August 3, 2009 . 



DRUG THERAPY

Volume 342 Number 19 · 1425

monia are simple, well tolerated, and inexpensive,
there is a potentially substantial psychological bene-
fit to patients who discontinue prophylaxis. Prophy-
laxis can, of course, be continued in patients who
are reluctant to discontinue it, while a broader expe-
rience is accumulated to refine recommendations for
discontinuation and reinitiation.

Preliminary reports of two ongoing prospective
studies of more than 350 patients seropositive for an-
titoxoplasma antibodies suggest that primary antitox-
oplasma prophylaxis can also be safely stopped after
a response to highly active antiretroviral therapy.107,108

Usually, if primary prophylaxis against P. carinii pneu-
monia is discontinued, antitoxoplasma prophylaxis is
stopped as well, because the same drug combination
is used for both purposes.

According to observational data from the Adult/
Adolescent Spectrum of HIV Disease cohort study
(involving 767 patients), the Swiss HIV Cohort Study
(involving 253 patients), and two prospective ran-
domized trials (involving more than 1000 patients),
primary prophylaxis against M. avium complex can
be safely discontinued if the patient responds to
highly active antiretroviral therapy with an increase
in the CD4 cell count to more than 100 per cubic
millimeter.96,100-102

Clinicians have been more reluctant to stop sec-
ondary prophylaxis against opportunistic infections,
given the demonstrated immunologic susceptibility
of patients to these infections and the potentially

life-threatening consequences of recurrent infections.
If cerebral toxoplasmosis, cytomegalovirus retinitis,
cryptococcal meningitis, or disseminated histoplas-
mosis recurred, for instance, it might be difficult to
reestablish control of the disease before irreversible
damage or death occurred. Thus, there are more lim-
ited data available from ongoing studies about the
safety of such an approach.108-111

For P. carinii pneumonia, stopping secondary pro-
phylaxis appears to be safe.109,110 A combined analysis
of eight prospective European cohort studies found
no cases of recurrence after the discontinuation of sec-
ondary prophylaxis in patients with CD4 cell counts
of more than 200 per cubic millimeter during 236
person-years of follow-up.

Currently available data (Table 7) suggest that in
at least some patients treated with highly active anti-
retroviral therapy in whom CD4 cell counts have risen,
long-term prophylactic regimens to suppress cytomeg-
alovirus retinitis can be safely discontinued.78,97,103-106

Although the total number of patients studied is small,
the fact that the almost invariable progression of cy-
tomegalovirus retinitis previously occurred within a
few months after therapy was stopped suggests that
these results are credible.

Discontinuation of long-term maintenance therapy
is reasonable after the resolution of lesions, but only
if the CD4 cell count has been above 100 to 150 per
cubic millimeter for at least three to six months, the
lesions are not sight-threatening, vision is adequate in

*HAART denotes highly active antiretroviral therapy.

†The mean rather than the median is given.

‡The number includes 24 patients who discontinued secondary prophylaxis.

TABLE 6. PROSPECTIVE STUDIES OF PATIENTS WITH HIV INFECTION WHO STOPPED PRIMARY PROPHYLAXIS 
AGAINST PNEUMOCYSTIS CARINII.

STUDY ENTRY CRITERIA*
NO. OF

PATIENTS

MEDIAN NADIR

CD4 CELL

COUNT

MEDIAN CD4
CELL COUNT WHEN

PROPHYLAXIS STOPPED

MEDIAN

FOLLOW-UP

NO. OF CASES

 OF P. CARINII

PNEUMONIA

cells/mm3 mo

Schneider et al.93 CD4 cell count >200/mm3 on 
2 occasions »1 mo apart, on 
HAART

62 85† 353† 14.0† 0

Weverling et al.98 CD4 cell count >200/mm3, on 
HAART

236 147 312 5 0

Furrer et al.94 CD4 cell count »200/mm3 and 
percentage »14% for at least 12 
wk, on combination antiretroviral 
therapy

262 110 325 11.3 0

Lopez et al.95 CD4 cell count >200/mm3 for 
more than 3 mo, on HAART; 
plasma HIV RNA <5000 
copies/ml for more than 3 mo

274‡ 102 340 11.3 0

Dworkin et al.96 CD4 cell count »200/mm3 with 
increase of »100/mm3 on anti-
retroviral therapy

736 150 330 9.2† 3

Kirk et al.97 CD4 cell count >200/mm3 for 
more than 6 mo, on HAART

193 117 341 9.6 1
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the contralateral eye, and the patient can be followed
regularly by an ophthalmologist. Whether secondary
prophylaxis can be safely discontinued for patients
with extraocular cytomegalovirus disease is uncertain
because of the paucity of reported cases.

Discontinuation of secondary cytomegalovirus pro-
phylaxis according to these guidelines appears to be
a reasonable approach. However, no approach to dis-
ease prevention can be expected to be risk-free. Cas-
es have been documented in which cytomegalovirus
retinitis (in contrast to immune recovery uveitis) re-
curred in patients whose CD4 cell counts increased
to 300 per cubic millimeter during highly active anti-
retroviral therapy.112 How often such cases occur needs
to be carefully documented to determine whether
this approach to the management of cytomegalovi-
rus retinitis needs to be modified.

A concern about the interpretation of studies ex-
amining the discontinuation of prophylaxis is that
the participating patients may not have been repre-
sentative of all patients who fit the inclusion criteria;
that is, clinicians may have elected not to enroll pa-
tients with weight loss, high plasma viral levels, or a
history of multiple opportunistic infections.

If primary or secondary prophylaxis is stopped,
when should it be restarted? It is reasonable to use
the same criteria for restarting prophylaxis as for start-
ing it initially, although there are no data specifically
confirming the validity of such an approach. In pa-
tients with plasma HIV levels of more than 10,000
to 20,000 copies per milliliter, it may be prudent to
reinstitute prophylaxis sooner. CD4 cell counts and
plasma viral load should be measured every three to
six months, with an increase in monitoring frequen-
cy as the CD4 cell count declines.

CONCLUSIONS

Specific antimicrobial prophylaxis, by itself or in
conjunction with antiretroviral therapy, can reduce

the substantial morbidity and mortality caused by
opportunistic infections in patients with HIV infec-
tion. We are in a fortunate period in which the ef-
fects of opportunistic infections can be dramatically
decreased for patients with access to comprehensive
care in whom durable immune reconstitution is in-
duced by highly active antiretroviral therapy. It is
clear that prophylaxis can be safely discontinued in
selected patients with immune reconstitution induced
by antiretroviral agents. Understanding and apply-
ing measures to prevent opportunistic infections has
had, and will continue to have, a critical role in the
treatment of patients with HIV infection.
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CORRECTION

Prophylaxis against Opportunistic Infections in
Patients with Human Immunodeficiency Virus
Infection

Prophylaxis against Opportunistic Infections in Patients with Human

Immunodeficiency Virus Infection . On page 1421, beginning on the

first line of the right-hand column, the dose of the double-strength

tablet should have read, `̀ 160 mg of trimethoprim plus 800 mg

of sulfamethoxazole,´́ not `̀ 80 mg of trimethoprim plus 400 mg of

sulfamethoxazole,´́ as printed, and the dose of the single-strength

tablet should have read, `̀ 80 mg of trimethoprim plus 400 mg of

sulfamethoxazole,´́ not `̀ 40 mg of trimethoprim plus 200 mg of sul-

famethoxazole,´́ as printed. Also, in Table 2, next to the entry

`̀ Isoniazid-resistant source case (if known),´́ the first-choice regimen

should have read, `̀ Rifampin, 600 mg orally per day, plus pyrazi-

namide, 20 mg/kg orally per day, for 2 mo,´́ not `̀ pyrazinamide, 200

mg/kg,´́ as printed. We regret the error.

N Engl J Med 2000;343:672
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