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ABSTRACT

Background Patients with human immunodeficien-
cy virus (HIV) infection and a history of Pneumocystis
carinii pneumonia are at high risk for relapse if they
are not given secondary prophylaxis. Whether second-
ary prophylaxis against P. carinii pneumonia can be
safely discontinued in patients who have a response
to highly active antiretroviral therapy is not known.

Methods We analyzed episodes of recurrent P, cari-
nii pneumonia in 325 HIV-infected patients (275 men
and 50 women) in eight prospective European cohorts.
Between October 1996 and January 2000, these pa-
tients discontinued secondary prophylaxis during
treatment with at least three anti-HIV drugs after they
had at least one peripheral-blood CD4 cell count of
more than 200 cells per cubic millimeter.

Results Secondary prophylaxis was discontinued at
a median CD4 cell count of 350 per cubic millimeter;
the median nadir CD4 cell count had been 50 per cubic
millimeter. The median duration of the increase in the
CD4 cell count to more than 200 per cubic millimeter
after discontinuation of secondary prophylaxis was 11
months. The median follow-up period after discontin-
uation of secondary prophylaxis was 13 months, yield-
ing a total of 374 person-years of follow-up; for 355 of
these person-years, CD4 cell counts remained at or
above 200 per cubic millimeter. No cases of recurrent
P. carinii pneumonia were diagnosed during this pe-
riod; the incidence was thus 0 per 100 patient-years
(99 percent confidence interval, 0 to 1.2 per 100 pa-
tient-years, on the basis of the entire follow-up period,
and 0 to 1.3 per 100 patient-years, on the basis of the
follow-up period during which CD4 cell counts re-
mained at or above 200 per cubic millimeter).

Conclusions |t is safe to discontinue secondary pro-
phylaxis against P. carinii pneumonia in patients with
HIV infection who have an immunologic response to
highly active antiretroviral therapy. (N Engl J Med 2007;
344:168-74.)

Copyright © 2001 Massachusetts Medical Society.

HE life expectancy of patients with human
immunodeficiency virus (HIV) infection has
dramatically improved,’* and the risk of op-
portunistic infections, including Preumocys-
tis caringi pneumonia, has markedly declined in in-
dustrialized countries since 199615 because of the
widespread use of highly active antiretroviral therapy.
This decline has suggested that highly active antiret-
roviral therapy results in clinically important immune
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reconstitution. The absolute risk of the progression
of HIV disease was markedly lower in patients who
had an increase in CD4 cell counts in peripheral blood
to more than 200 per cubic millimeter than in patients
who had no such increase.¢ The degree of protection
conferred could have been overestimated in these stud-
ies, because the majority of patients continued to use
standard prophylactic medication against various op-
portunistic infections, including P. carinii pneumonia.
However, several studies have subsequently indicated
that the reduction in the risk of primary P. carinii
pneumonia is maintained after the discontinuation of
specific chemoprophylaxis.”1? These findings resulted
in recommendations for the discontinuation of pri-
mary prophylaxis against P. carinii pneumonia in pa-
tients who have a response to antiretroviral therapy.!!

The risk of recurrence of P. carinii pneumonia is
substantially higher than the risk of primary P. carinii
pneumonia.!? This increase in risk is almost certainly
due to the fact that the immune system is more pro-
foundly compromised in patients in whom pneumonia
has already developed, and to the presence of residual
P. carinii organisms in the lungs despite a clinical re-
sponse to therapy.!? Thus, recommendations regarding
the safety of discontinuing primary prophylaxis can-
not simply be extrapolated to the discontinuation of
secondary prophylaxis.

We therefore analyzed data on eight European co-
horts of HIV-infected patients who had been success-
fully treated for an episode of P. carinii pneumonia,
whose CD4 cell count had risen to more than 200 per
cubic millimeter, and who subsequently discontinued
chemoprophylaxis against recurrent P. carinii pneu-
monia.
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METHODS
Participating Cohort Studies

Our analysis included data from eight large prospective European
cohort studies (Table 1), all of which have been approved by local
ethics committees, use standardized methods of data collection, and
schedule follow-up visits at least once every six months. Additional
measurements of peripheral-blood CD4 cell counts and plasma lev-
cls of HIV type 1 (HIV-1) RNA, determined at the time of routine
evaluations at the 162 participating clinics, are also recorded. One
of the eight studies, the EuroSIDA study, is a multicenter study and
may include patients who are also members of the other cohorts.
Therefore, each of the other cohort studies verified that none of its
patients were also enrolled in the EuroSIDA study.

Inclusion and Exclusion Criteria

We included patients with HIV-1 infection who had previously
been given a definitive or presumptive diagnosis of P. carinii pneu-
monia and had received secondary prophylaxis against recurrent
pneumonia, which was discontinued between October 1996 and
January 2000, during highly active antiretroviral treatment after their
CD4 cell counts had risen to more than 200 per cubic millimeter.
The decision to discontinue prophylaxis was the result of consulta-
tion between individual patients and their physicians and reflected
the assumption that the increased CD4 cell counts induced by high-
ly active antiretroviral therapy were indeed clinically protective. In
some countries, discontinuation of secondary prophylaxis against
P. carinii pneumonia was even formulated in official treatment
guidelines.

Secondary prophylaxis was defined as treatment with any drug
with known activity against P. carinii or Toxoplasma gondii and in-
cluded trimethoprim—sulfamethoxazole, inhaled pentamidine, dap-
sone, pyrimethamine, and atovaquone. Highly active antiretroviral
therapy was defined as therapy with at least one protease inhibitor
or non—nucleoside-analogue reverse-transcriptase inhibitor in com-
bination with at least two nucleoside-analogue reverse-transcriptase
inhibitors. Patients whose CD4 cell counts for the six months pre-

ceding the discontinuation of secondary prophylaxis were unavail-
able and patients who were unavailable for follow-up were excluded
from the analysis.

End Points

Recurrence of P. carinii pneumonia, diagnosed definitively or
presumptively, after the discontinuation of secondary prophylaxis
was the primary end point of the study. A diagnosis was considered
definitive if P. carinii was found on microscopical analysis of induced
sputum or bronchoalveolar-lavage fluid or on histologic examination
of a specimen of lung tissue. The diagnosis of P. carinii pneumo-
nia was considered presumptive if results from invasive pulmonary
diagnostic procedures were not available. At a minimum, a presump-
tive diagnosis required a recent history of dyspnea on exertion or
nonproductive cough, an appropriate response to any of the stand-
ard recommended treatments for P. carinii pneumonia, and the ab-
sence of evidence of bacterial pneumonia.

The secondary end points of the study were bacterial pneumonia,
death or any new illness classified as defining the acquired immuno-
deficiency syndrome (AIDS), CD4 cell counts of less than 200 per
cubic millimeter, and reinstitution of secondary prophylaxis — all
occurring after the discontinuation of secondary prophylaxis. A di-
agnosis of bacterial pneumonia required documentation of a com-
patible clinical history, including an acute onset of pulmonary symp-
toms, and typical pulmonary infiltrates on a chest radiograph,
together with a response to antibacterial drugs with no known ac-
tivity against P. carindi. Furthermore, most study groups performed
a careful retrospective chart review of all patients to identify single
episodes of bacterial pneumonia and to confirm the other study
end points.

Statistical Analysis

Patient selection and data extraction were performed at the data
centers of the participating cohort studies. Data on a predefined set
of anonymous demographic, laboratory, and clinical variables from
the selected patients were then pooled and analyzed centrally. Fol-
low-up was measured from the date of discontinuation of secondary

TABLE 1. COHORTS INCLUDED IN THE STUDY.*

DANISH COHORT

OF PATIENTS Nice
Swiss HIV STOPPING FRANKFURT HSR DMI-2
VARIABLE EuroSIDA ATHENAT  CoHORT STuDY  PROPHYLAXIS HIV CoHorT ~ CoHORT ~ COHORT ICONA
Initial report Lundgren — Ledergerber Kirk et al.1®  Brodt et al.’6  Rizzardi  Pradier d’Arminio
et al.14 et al.1s et al.l? ct al.’®  Monforte et al. 1

Country 20 in Europe Netherlands ~ Switzerland Denmark Germany Italy France Italy
No. of centers 60 22 5 1 1 1 65
Year of initiation of study 1994 19981 1988 1997 1988 1991 1988 1997
Interval between follow-up visits 6 3-4 3 1-2 3 6 6

— mo
Cumulative no. of patients 8457 2553 10,763 346 4789 3600 5175 4166
No. of patients receiving highly 4845 2553 3,212 —§ 2100 2150 1856 2040

active antiretroviral therapy as

of April 2000
No. of patients included in analysis 81 85 29 26 17 15 10
No. of person-years of follow-up 104 99 34 33 21 15 8

after discontinuation of
secondary prophylaxis

*ATHENA denotes AIDS Therapy Evaluation Project Netherlands; HSR Hospedale San Raffacle; DMI-2 Dossier Médico-économique de I’Immuno-
déficience Humaine, version 2; and ICONA Italian Cohort of Patients Naive to Antiretrovirals.

TA retrospective chart review to identify single episodes of bacterial pneumonia was not feasible for this cohort.

$Retrospective information was available for all patients who were receiving highly active antiretroviral therapy as of July 1996.

§This cohort included only patients who discontinued prophylaxis against opportunistic infections.
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prophylaxis against P. carinii pneumonia until the date of the last
clinical follow-up, the date of reinitiation of secondary prophylaxis,
or the date of diagnosis of recurrent P. carinii pneumonia. In a sep-
arate analysis, follow-up was restricted to the periods when CD4
cell counts remained at or above 200 per cubic millimeter. The clos-
ing date for the analysis was April 19, 2000. Recurrent cases of
P. carinii pneumonia and bacterial pneumonia were assumed to
have a Poisson distribution, and exact confidence intervals were cal-
culated for the incidence. The length of time to the documentation
of a CD4 cell count of less than 200 per cubic millimeter and the
length of time to the reinitiation of secondary prophylaxis were an-
alyzed by the Kaplan—Meier method. All reported P values are two-
sided. We used Stata software (version 6.0, Stata, College Station,
Tex.) for statistical analyses.

RESULTS

A total of 325 patients fulfilled the inclusion criteria.
Their characteristics at the time of the discontinuation
of secondary prophylaxis against P. carini pneumo-
nia are shown in Table 2. The median age was 38 years,
and 85 percent of the patients were men. The median
CD4 cell count at the time secondary prophylaxis was
discontinued was 350 per cubic millimeter; the median
nadir CD4 cell count had been 50 per cubic millime-
ter. Highly active antiretroviral therapy included a sin-
gle protease inhibitor and two nucleoside-analogue
reverse-transcriptase inhibitors in 74 percent of the
patients. Two protease inhibitors or a non—nucleoside-
analogue reverse-transcriptase inhibitor, together with
at least two nucleoside-analogue reverse-transcriptase
inhibitors, were used in 17 percent and 9 percent of
patients, respectively.

CD4 Cell Dynamics

The evolution of CD4 cell counts from the diagno-
sis of P. carindi pneumonia to the start of highly active
antiretroviral therapy, the discontinuation of second-
ary prophylaxis, and the last available CD4 cell count
are shown in Figure 1. The median increase in CD4
cell counts from the nadir to the value at the time
secondary prophylaxis was discontinued was 283 per
cubic millimeter. After secondary prophylaxis was dis-
continued, the CD4 cell counts increased further by
a median of 50 per cubic millimeter, but in 27 patients
(8 percent) they dropped to less than 200 per cubic
millimeter (Table 3). The probability that a patient
would have a CD4 cell count of less than 200 per cu-
bic millimeter 12 and 24 months after secondary pro-
phylaxis was discontinued was 8 percent (95 percent
confidence interval, 5 to 12 percent) and 14 percent
(95 percent confidence interval, 9 to 23 percent), re-
spectively. In 20 (74 percent) of the 27 patients whose
CD4 cell counts fell to less than 200 per cubic milli-
meter after discontinuation of secondary prophylaxis,
the last available CD4 count (after a median of eight
months) was again well above 200 cells per cubic mil-
limeter, with a median of 316 cells per cubic millimeter.

Incidence of Events during Follow-up

No diagnoses of recurrent P. carinii pneumonia
were recorded during 374 person-years of follow-up
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TABLE 2. CHARACTERISTICS OF THE 325 STUDY PATIENTS AT THE
DISCONTINUATION OF SECONDARY PROPHYLAXIS AND CD4 CELL
COUNTS AT THE END OF THE STUDY.

CHARACTERISTIC VALUE
Age — yr
Median 38
Interquartile range 34-45
Sex — no. (%)
Male 275 (85)
Female 50 (15)
Risk factor for transmission — no. (%)
Male homosexual contact 184 (57)
Heterosexual contact 74 (23)
Injection-drug use 40 (12)
Other or unknown 27 (8)

Nadir CD4 count — cells/mm?3
Median 50

Interquartile range 18-106
Type of diagnosis of P. carinii pneumonia — no. (%)

Definitive 270 (83)

Presumptive 55 (17)

CD4 count during P. carinii pneumonia — cells/mm3*
Median 60

Interquartile range 20-134
Type of prophylaxis against P. carinii pneumonia — no. (%)
Trimethoprim—sulfamethoxazole 216 (66)
Pentamidine 65 (20)
Dapsone and pyrimethamine 29 (9)
Other 15 (5)
Duration of prophylaxis — mo
Median 26
Interquartile range 15-38
Highly active antiretroviral therapy — no. (%)
3 Drugs 264 (81)
>3 Drugs 61 (19)
Regimen including a protease inhibitor 313 (96)

Duration of highly active antiretroviral therapy at discontinu-
ation of secondary prophylaxis — mo
Median 19

Interquartile range 12-26
Duration of increase in CD4 count to =200 cells/mm? at
discontinuation of secondary prophylaxis — mo
Median 11
Interquartile range 6-18
CD4 count at discontinuation of secondary prophylaxis —
cells/mm3
Median 350
Interquartile range 277477
Plasma HIV-1 RNA level at discontinuation of secondary
prophylaxis — no. (%)t
<500 copies/ml 246 (76)
500-10,000 copies/ml 55 (17)
>10,000 copies/ml 23 (7)

CD4 count at end of study — cells/mm3
Median 425
Interquartile range 337-555

*Values were available within six months before diagnosis for 231 pa-
tients.

tValues were available for 324 patients.

in the absence of secondary prophylaxis (Table 3). The
incidence was therefore 0, with an upper 99 percent
confidence limit of 1.2 per 100 person-years of fol-
low-up. For 355 person-years of follow-up, CD4 cell
counts were at or above 200 per cubic millimeter, re-
sulting in an upper 99 percent confidence limit of 1.3
per 100 person-years.
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Figure 1. Evolution of CD4 Cell Counts in 325 Patients with HIV
Infection and a History of P. carinii Pneumonia in Whom Highly
Active Antiretroviral Therapy Was Initiated and Secondary Pro-
phylaxis Was Subsequently Discontinued after CD4 Cell Counts
Had Risen to More Than 200 per Cubic Millimeter.

Median CD4 cell counts are shown, with interquartile ranges.
CD4 cell counts measured within six months before the diag-
nosis of P. carinii pneumonia (asterisk) were available for 231
patients. The numbers above the arrows indicate the median
times (in months) between the various periods. The hatched
area denotes the nadir CD4 cell counts (with the interquartile
range).

One patient decided to stop highly active antiret-
roviral therapy but resumed secondary prophylaxis; in
this patient, a presumptive diagnosis of P. carinii pneu-
monia with a CD4 cell count of 12 per cubic millime-
ter was made six months later. Five patients had a new
AIDS-defining illness, and four patients died during
follow-up. A diagnosis of bacterial pneumonia was
made in 7 of the 222 patients from the seven cohorts
that had collected this information.

Reinstitution of Secondary Prophylaxis

Fifteen of 325 patients (5 percent) began secondary
prophylaxis again during follow-up, including 11 pa-
tients whose CD4 cell counts remained above 200 per
cubic millimeter (Fig. 2). For most of these 11 patients,
the reason for the reinstitution of secondary prophy-
laxis was a decline in CD4 cell counts, which frequent-
ly occurred in conjunction with incomplete control
of HIV replication.

DISCUSSION

This study supports the hypothesis that the CD4
cell recovery associated with highly active antiretrovi-
ral therapy leads to profoundly improved protection
against opportunistic infections that are common in
patients with HIV infection who have low CD4 cell

N Engl ] Med, Vol. 344, No. 3 -

TABLE 3. CHARACTERISTICS OF THE 325 STUDY PATIENTS
DURING FOLLOW-UP.

CHARACTERISTIC VALUE
Duration of follow-up — mo

Median 13

Interquartile range 7-19
Total follow-up — person-yr* 374
Incidence of recurrent P. carinii pneumonia — 0

per 100 person-yrf

Upper 95% confidence limit 0.8

Upper 99% confidence limit 1.2
Incidence of bacterial pneumonia — per 100 person-yri 2.7

95% confidence interval 1.1-5.6

99% confidence interval 0.8-6.6
New AIDS-defining events — no. of patients§ 5
Death — no. of patients{ 4
Patients lost to follow-up — no. (%) 23 (7)

Patients in whom CD4 counts dropped below 200 cells/mm? 27 (8)

— no. (%)
Patients with reinstitution of secondary prophylaxis — no. (%) 15 (5)
Patients with reinstitution of secondary prophylaxis after CD4 4 (1)

counts dropped below 200 cells/mm? — no. (%)

*For 355 years of follow-up, CD4 cell counts were at or above 200 per
cubic millimeter, resulting in a 99 percent confidence interval for the inci-
dence of recurrent P. carinii pneumonia of 0 to 1.3 per 100 person-years.

1The exact Poisson confidence limits are one-sided.

$Seven patients had bacterial pneumonia 0.4, 1, 6, 7, 9, 10, and 29
months after the discontinuation of secondary prophylaxis. One patient
had a clinical diagnosis only; bacterial pneumonia was confirmed in all
other patients by evidence of infiltrates on chest radiographs and good re-
sponses to antibacterial-drug treatment. This analysis is based on 222 pa-
tients, who accounted for 258 person-years of follow-up, since not all co-
horts were able to provide data on single episodes of bacterial pneumonia.

§One patient each had candida esophagitis two weeks after the discontin-
uation of secondary prophylaxis, wasting syndrome at four months, atypical
mycobacteriosis at six months, Kaposi’s sarcoma at eight months, and in-
determinate intracerebral lesions at nine months.

{Deaths occurred 11, 13, 14, and 18 months after the discontinuation of
secondary prophylaxis and were due to laryngeal carcinoma, bacterial pneu-
monia (3 months after the reinstitution of secondary prophylaxis), liver cir-
rhosis, and an unknown cause, respectively.

counts.20.21 If CD4 cell recovery were not associated
with protection against recurrent P. carinii pneumo-
nia, we would have expected — on the basis of histor-
ical data — that more than 50 percent of the patients
would have a relapse of P. carinii pneumonia during
follow-up.!2 However, P. carinii pneumonia did not
develop in any of the patients after secondary prophy-
laxis was discontinued.

Several studies have previously addressed this issue,
with similar results,”$19,22 but none of these studies
were conclusive, given their small samples and hence
their wide confidence intervals. The upper 99 percent
confidence limit of the incidence of P. carinii pneu-
monia in the present study was only 1.2 cases per 100
person-years of follow-up. Thus, although we cannot
exclude the possibility that P. carinii pneumonia may
develop in patients who discontinue secondary pro-
phylaxis, the risk is very low. Similarly, although a rel-
atively low risk of a primary episode of P. carinii
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Figure 2. Kaplan—Meier Curves Showing the Probability of a Decline in the CD4 Cell Count to Less
Than 200 per Cubic Millimeter and the Probability of Reinstitution of Secondary Prophylaxis against

P, carinii.

The bars indicate the 95 percent confidence intervals.

pneumonia was found in patients with CD4 cell
counts above 200 per cubic millimeter,%2325 the
threshold CD4 cell count for instituting primary pro-
phylaxis was set at 200 per cubic millimeter.2¢ Guide-
lines for the initiation or discontinuation of prophy-
laxis (which define the group of patients in whom it is
not needed) will always be based on the evaluation
not only of the relative benefits but also of the risks
of the prophylactic treatment. Potential problems as-
sociated with prophylaxis are diverse and drug-spe-
cific and include hypersensitivity to sulfonamides,?%28
the development of drug-resistant P. carinii?®30 and
bacteria,3! the high cost (especially of inhaled pen-
tamidine3? and atovaquone3?), and the number of ad-
ditional pills that must be taken.

A particular concern regarding the discontinuation
of trimethoprim—sulfamethoxazole is the loss of pro-
tection against common bacterial infections.3* In this
study, the incidence of bacterial pneumonia after the
discontinuation of secondary prophylaxis against P. ca-
7indi pneumonia was only 2.7 episodes per 100 per-
son-years of follow-up. This rate is considerably lower
than was reported in a study undertaken before high-
ly active antiretroviral therapy became available,3s de-
spite the fact that we used quite liberal criteria to iden-
tify possible cases of bacterial pneumonia. However,
we cannot rule out the possibility that patients who
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are at higher risk for bacterial pneumonia might ben-
efit from antibacterial chemoprophylaxis, such as may
be provided by continued use of trimethoprim—sulfa-
methoxazole. We also did not observe any cases of cer-
ebral toxoplasmosis, an infection that may also be pre-
vented by prophylaxis against P. carinéi pneumonia.36

Most patients in this study had been taking combi-
nation antiretroviral-drug therapy for more than one
year before prophylaxis was discontinued. Thus, their
physicians apparently were concerned about discon-
tinuing secondary prophylaxis prematurely, since P. ca-
7ingd pneumonia is a severe infection associated with
a 10 to 15 percent case fatality rate.2537 Therefore, cau-
tion should be exercised in extrapolating our findings
to persons who have smaller increases in CD4 cell
counts or have been treated for shorter periods with
highly active antiretroviral therapy.

Our study does not directly address the question of
when secondary prophylaxis should be restarted, but
it does provide some clues. Almost 10 percent of all
patients had a decrease in the CD4 cell counts to less
than 200 per cubic millimeter, a threshold below
which prophylaxis against P. carinii pneumonia is gen-
erally reccommended.!! As compared with the remain-
ing patients, those in whom secondary prophylaxis
against P. carinii pneumonia was reinstituted or whose
CD4 cell counts decreased to less than 200 per cu-
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bic millimeter already had lower CD4 cell counts when
secondary prophylaxis was discontinued (data not
shown). Thus, patients who discontinue secondary
prophylaxis against P. carinii pneumonia when their
CD4 cell counts are marginally above 200 per cubic
millimeter, particularly if they have subsequent nega-
tive trends in their CD4 cell counts or evidence of
increased HIV replication, should be carefully mon-
itored for decreases in CD4 cell counts to less than 200
per cubic millimeter and hence the need for reinsti-
tution of secondary prophylaxis.

Several limitations of our study should be noted.
First, it was not a controlled clinical trial but a com-
pilation of data from several observational cohorts;
there may have been undetected differences between
the cohorts. However, clinical suspicion and diagnosis
of P. carinii pneumonia are an integral part of routine
care at the sites participating in this study, and it is un-
likely that any cases of P. carinii pneumonia remained
undiagnosed. Most of the cases of P. carinii pneumo-
nia in this study (83 percent) were definitively diag-
nosed on the basis of microscopy rather than clinical
suspicion. All the studies have well-implemented qual-
ity-control procedures to ensure the correct transfer
of data from patients’ records to the cohort data base.
Although our study was not randomized, such a de-
sign would not have improved the interpretability of
the findings, since no case of recurrent P. carinii pneu-
monia was diagnosed.

In conclusion, as has been demonstrated for primary
prophylaxis, secondary prophylaxis against P. cariniz
pneumonia can be safely discontinued in patients with
HIV infection who have had a response to highly ac-
tive antiretroviral therapy (indicated by a CD4 cell
count above 200 per cubic millimeter) with a minimal
risk of recurrent P. carinii pneumonia.
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APPENDIX

The members of the eight study groups were as follows: The Multi-
center Study Group on EuroSIDA — Austrin: N. Vetter (national coordi-
nator), Vienna; Belgium: N. Clumeck (national coordinator), P. Hermans,
B. Sommereijns, Brussels; R. Colebunders, Antwerp; Czech Republic: L.
Machala (national coordinator), H. Rozsypal, Prague; Denmark: J. Nielsen
(national coordinator), T. Benfield, T. Katzenstein, B. Roge, P. Skinhgj,
Copenhagen; France: C. Katlama (national coordinator), C. Rivicre, J.-P.
Viard, Paris; T. Saint-Marc, P. Vanhems, Lyons; Germany: M. Dietrich (na-
tional coordinator), C. Manegold, J. van Lunzen, Hamburg; V. Miller, S.
Staszewski, Frankfurt; E-D. Goebel, Munich; B. Salzberger, Cologne; J.
Rockstroh, Bonn; Greece: ]. Kosmidis (national coordinator), P. Garga-
lianos, H. Sambatakou, G. Panos, G. Boulmetis, M. Astriti, Athens; Hun-

gary: D. Banhegyi (national coordinator), Budapest; Ireland: F. Mulcahy
(national coordinator), Dublin; Israel: 1. Yust (national coordinator), D.
Turner, Tel Aviv; S. Pollack, Z. Ben-Ishai, Haifa; Z. Bentwich, Rehovot; S.
Maayan, Jerusalem; Izaly: S. Vella and A. Chiesi (national coordinators), V.
Vullo, P. Santopadre, C. Arici, P. Franci, P. Narciso, A. Antinori, M. Zac-
carelli, Rome; E Suter, A. Cremaschi, Bergamo; R. Pristerd, Bolzano; E
Vichi, Florence; B. DeRienzo, A. Bedini, Modena; A. Chirianni, E. Mon-
tesarchio, Naples; R. Finazzi, Milan; Luxembury: R. Hemmer (national co-
ordinator), T. Staub, Luxemburg; the Netherlands: J. Wubbels, Amsterdam;
Norway: J. Bruun (national coordinator), A. Macland, Oslo; Poland: B.
Knysz (national coordinator), J. Gasiorowski, Wroclaw; A. Horban, War-
saw; R. Rogowska-Szadkowska, Bialystok; A. Boron-Kaczmarska, Szczecin;
M. Beniowski, Chorzow; H. Trocha, Gdansk; Portugal: . Antunes (nation-
al coordinator), K. Mansinho, R. Proenca, Lisbon; Spain: J. Gonzilez-
Lahoz (national coordinator), R. Polo, V. Soriano, Madrid; B. Clotet, A.
Jou, J. Conejero, C. Tural, Badalona; J. Gatell, J. Mir6, Barcelona; Sweden:
A. Blaxhult (national coordinator), B. Heidemann, P. Pehrson, Stockholm;
Switzerland: V. Soravia-Dunand, Geneva; United Kingdom: S. Barton (na-
tional coordinator), A. Johnson, D. Mercey, A. Phillips, C. Loveday, M.
Johnson, A. Pinching, J. Parkin, J. Weber, G. Scullard, London; M. Fisher,
Brighton; R. Brettle, Edinburgh; AIDS Therapy Evaluation Project
Netherlands — W. Bronsveld, Alkmaar; H. Weigel, K. Brinkman, P. Frissen,
J. ten Veen, M. Hillebrand, S. Schieveld, J. Mulder, E. van Gorp, P. Meen-
horst, A. van Eeden, E Claessen, R. Perenboom, S. Danner, J.K. Eeftinck
Schattenkerk, E. Gisolf, M. Godfried, M. Jambroes, J. Lange (study coor-
dinator), J. van der Meer, J. Nellen, D. Notermans, N. Pakker, T. van der
Poll, M. van Praag, J. Prins, M. Reijers, T. Ruys, M. van der Valk, E. van
der Ven, A. Verbon, G.J. Weverling, E Wit, E de Wolf (study coordinator),
J. Wubbels, Amsterdam; C. Richter, Arnhem; R. Vriesendorp, R. Kauft-
man, E. Kogger, The Hague; B. Bravenboer, Eindhoven; C. ten Napel, K.
Pogany, Enschede; H.G. Sprenger, G. Law, Groningen; R.W. ten Kate,
Haarlem; M. Leemhuis, Leeuwarden; F. Kroon, Leiden; G. Schrey, S. van
der Geest, A. van der Ven, Maastricht; P. Koopmans, M. Keuter, D. Telgt,
Nijmegen; M. van der Ende, I. Gyssens, S. de Marie, Rotterdam; J. Jutt-
man, C. van der Heul, Tilburg; J. Borlefts, I. Hoepelman, C. Jaspers, K.
Schurink, Utrecht; W. Blok, Vlissingen; Swiss HIV Cohort Study — M.
Battegay, H. Bucher, P. Erb, T. Klimkait, C. Rudin, Basel; M. Gorgievski,
Bern; M. Egger, Bristol, United Kingdom; B. Hirschel, L. Perrin, V.
Schiffer, Geneva; P. Biirgisser, P. Francioli (study coordinator), E. Paccaud,
G. Pantaleo, . Sudre, M. Rickenbach, A. Telenti, Lausanne; E. Bernasconi,
J.C. Piffaretti, Lugano; R. Amiet, W. Fierz, C. Kind, P. Vernazza, St. Gall;
M. Flepp, H. Giinthard, M. Opravil, P. Grob, U. Lauper, J. Schupbach, R.
Weber, Zurich; Danish Cohort of Patients Stopping Prophylaxis — J.
Gerstoft, Copenhagen; N. Obel, Aarhus; H. Nielsen, Aalborg; C. Peder-
sen, Odense; Frankfurt HIV Cohort — S. Staszewski, V. Miller, E. Helm,
Frankfurt, Germany; HSR Cohort — A. Lazzarin, Milan, Italy; DMI-2
Study Group at Nice University Hospital — P. Dellamonica, P.M. Roger,
J.P. Cassuto, A. Pesce, J.G. Fuzibet, E Sanderson, Y. Le Fichoux, J. Cotta-
lorda, J.E Michiels, Nice, France; Italian Cohort of Patients Naive to
Antiretrovirals — M. Montroni, G. Scalise, A. Costantini, M.S. Del Prete,
Ancona; U. Tirelli, G. Nasti, Aviano; G. Angarano, L.M. Perulli, Bari; E
Suter, C. Arici, Bergamo; E Chiodo, EM. Gritti, V. Colangeli, C. Fiorini,
L. Guerra, Bologna; G. Carosi, G.P. Cadeo, E Castelli, C. Minardi, D. Van-
gi, Brescia; S. Caprioli, G. Migliorino, Busto Arsizio; P.E. Manconi, P. Pi-
ano, Cagliari; T. Ferraro, L. Cosco, Catanzaro; E. Pizzigallo, E Ricci, Chi-
eti; G.M. Vigevani, L. Pusterla, Como; G. Carnevale, A. Pan, Cremona; D.
Vigano, G.C. Ghiselli, Cuggiono; E Ghinelli, L. Sighinolfi, Ferrara; E. Le-
oncini, E Mazzotta, S. Ambu, S. Lo Caputo, Florence; B. Grisorio, S. Fer-
rara, Foggia; P. Grima, P. Tundo, Galatina; G. Pagano, N. Piersantelli, A.
Alessandrini, R. Piscopo, Genoa; M. Toti, S. Chigiotti, Grosseto; E Soscia,
L. Tacconi, Latina; A. Orani, G. Castaldo, Lecco; A. Scasso, A. Vincenti,
Lucca; A. Scalzini, E Alessi, Mantua; M. Moroni (study coordinator), A.
Lazzarin, A. Cargnel, E Milazzo, L. Caggese, V. Testori, E Delfanti, B.
Carini, B. Adriani, S. Garavaglia, C. Moioli, Milan; R. Esposito, C. Mus-
sini, Modena; N. Abrescia, A. Chirianni, O. Perrella, M. Piazza, M. De-
Marco, V. Montesarchio, E. Manzillo, S. Nappa, Naples; P. Cadrobbi, R.
Scaggiante, Padua; A. Colomba, T. Prestileo, Palermo; G. Filice, L. Minoli,
EA. Patruno Savino, R. Maserati, Pavia; S. Pauluzzi, A. Tosti, Perugia; E
Alberici, M. Sisti, Piacenza; E Menichetti, A. Smorfa, Pisa; C. De Stefano,
A. La Gala, Potenza; T. Zauli, G. Ballardini, Ravenna; L. Bonazzi, M.A.
Ursitti, Reggio Emilia; R. Ciammarughi, M. Arlotti, Rimini; L. Ortona,
E Dianzani, A. Antinori, G. Antonucci, S. D’Elia, G. Ippolito, P. Narciso,
N. Petrosillo, G. Rezza, V. Vullo, A. De Luca, A. Del Forno, M.R. Capo-
bianchi, M. Zaccarelli, P. De Longis, M. Ciardi, E. Girardi, G. D’Oftizi, E.
Palmieri, P. Pezzotti, M. Lichter, Rome; M.S. Mura, M. Mannazzu, Sassari;
P. Caramello, A. Sinicco, M.L. Soranzo, D. Giacobbi, M. Sciandra, B.
Salassa, Turin; D. Torre, Varese; A. Poggio, G. Bottari, Verbania; E. Raise,
S. Pasquinucci, Venice; E De Lalla, G. Tositti, Vicenza; E Resta, A. Chimi-
enti, Taranto; A. Cozzi Lepri, London, United Kingdom.

N Engl ] Med, Vol. 344, No. 3 - January 18, 2001 - www.nejm.org - 173

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

REFERENCES

1. Palella F] Jr, Delaney KM, Moorman AC, et al. Declining morbidity and
mortality among patients with advanced human immunodeficiency virus
infection. N Engl J Med 1998;338:853-60.

2. Egger M, Hirschel B, Francioli P, et al. Impact of new antiretroviral
combination therapies in HIV infected patients in Switzerland: prospective
multicentre study: Swiss HIV Cohort Study. BMJ 1997;315:1194-9.

3. Mocroft A, Vella S, Benfield TL, et al. Changing patterns of mortality
across Europe in patients infected with HIV-1. Lancet 1998;352:1725-30.
4. Ledergerber B, Egger M, Opravil M, et al. Clinical progression and vi-
rological failure on highly active antiretroviral therapy in HIV-1 patients: a
prospective cohort study: Swiss HIV Cohort Study. Lancet 1999;353:863-
8

5. Ledergerber B, Egger M, Erard V, et al. AIDS-related opportunistic ill-
nesses occurring after initiation of potent antiretroviral therapy: the Swiss
HIV Cohort Study. JAMA 1999;282:2220-6.

6. Miller V, Mocroft A, Reiss P, et al. Relations among CD4 lymphocyte
count nadir, antiretroviral therapy, and HIV-1 disease progression: results
from the EuroSIDA study. Ann Intern Med 1999;130:570-7.

7. Schneider MM, Borleffs JC, Stolk RP, Jaspers CA, Hoepelman Al Dis-
continuation of prophylaxis for Preumocystis carinii pneumonia in HIV-1-
infected patients treated with highly active antiretroviral therapy. Lancet
1999;353:201-3.

8. Weverling GJ, Mocroft A, Ledergerber B, et al. Discontinuation of
Pnenmocystis carinii pneumonia after start of highly active antiretroviral
therapy in HIV-1 infection. Lancet 1999;353:1293-8.

9. Furrer H, Egger M, Opravil M, et al. Discontinuation of primary pro-
phylaxis against Prenmocystis carinii pneumonia in HIV-1—infected adults
treated with combination antiretroviral therapy. N Engl ] Med 1999;340:
1301-6.

10. Kirk O, Lundgren JD, Pedersen C, Nielsen H, Gerstoft J. Can chemo-
prophylaxis against opportunistic infections be discontinued after an in-
crease in CD4 cells induced by highly active antiretroviral therapy? AIDS
1999;13:1647-51.

11. 1999 USPHS/IDSA guidelines for the prevention of opportunistic in-
fections in persons infected with human immunodeficiency virus: U.S.
Public Health Service (USPHS) and Infectious Diseases Society of Amer-
ica (IDSA). MMWR Morb Mortal Wkly Rep 1999;48(RR-10):1-59, 61-6.
12. Montaner JS, Lawson LM, Gervais A, et al. Aerosol pentamidine for
secondary prophylaxis of AIDS-related Preumocystis carinii pneumonia: a
randomized, placebo-controlled study. Ann Intern Med 1991;114:948-53.
13. Shelhamer JH, Ognibene FP, Macher AM, et al. Persistence of Pren-
mocystis caringi in lung tissue of acquired immunodeficiency syndrome pa-
tients treated for pneumocystis pneumonia. Am Rev Respir Dis 1984;130:
1161-5.

14. Lundgren JD, Phillips AN, Vella S, et al. Regional differences in use
of antiretroviral agents and primary prophylaxis in 3122 European HIV-
infected patients. ] Acquir Immune Defic Syndr Hum Retrovirol 1997;16:
153-60.

15. Ledergerber B, von Overbeck J, Egger M, Luthy R. The Swiss HIV
Cohort Study: rationale, organization and selected baseline characteristics.
Soz Praventivmed 1994;39:387-94.

16. Brodt HR, Kamps BS, Gute P, Knupp B, Staszewski S, Helm EB.
Changing incidence of AIDS-defining illnesses in the era of antiretroviral
combination therapy. AIDS 1997;11:1731-8.

17. Rizzardi GP, Lazzarin A, Musicco M, et al. Risks and benefits of aer-
osolized pentamidine and cotrimoxazole in primary prophylaxis of Pren-
mocystis carinii pneumonia in HIV-1-infected patients: a two-year Italian
multicentric randomized controlled trial. J Infect 1996;32:123-31.

18. Pradier C, Pesce A, Taillan B, Roger PM, Bentz L, Dellamonica P. Re-
ducing the incidence of Preumocystis carinii pneumonia: a persisting chal-
lenge. AIDS 1997;11:832-3.

19. d’Arminio Monforte A, Lepri AC, Rezza G, et al. Insights into the
reasons for discontinuation of the first highly active antiretroviral therapy

(HAART) regimen in a cohort of antiretroviral naive patients. AIDS 2000;
14:499-507.

20. Phillips AN, Lee CA, Elford J, et al. Serial CD4 lymphocyte counts
and development of AIDS. Lancet 1991;337:389-92.

21. Mocroft AJ, Lundgren JD, d’Arminio Monforte A, et al. Survival of
AIDS patients according to type of AIDS-defining event. Int J Epidemiol
1997;26:400-7.

22. Soriano V, Dona C, Rodriguez-Rosado R, Barreiro P, Gonzales-
Lahoz J. Discontinuation of secondary prophylaxis for opportunistic infec-
tions in HIV-infected patients receiving highly active antiretroviral therapy.
AIDS 2000;14:383-6.

23. Phair J, Muioz A, Detels R, et al. The risk of Preumocystis carinii
pneumonia among men infected with human immunodeficiency virus type 1.
N Engl ] Med 1990;322:161-5.

24. Masur H, Ognibene FP, Yarchoan R, et al. CD4 counts as predictors
of opportunistic pneumonias in human immunodeficiency virus (HIV) in-
fection. Ann Intern Med 1989;111:223-31.

25. Lundgren JD, Barton SE, Lazzarin A, et al. Factors associated with
the development of Preumocystis carinii pneumonia in 5,025 European pa-
tients with AIDS. Clin Infect Dis 1995;21:106-13.

26. Recommendations for prophylaxis against Preumocystis carinii pneu-
monia for adults and adolescents infected with human immunodeficiency
virus. MMWR Morb Mortal Wkly Rep 1992;41(RR-4):1-11.

27. Bozzette SA, Finkelstein DM, Spector SA, et al. A randomized trial of
three antipneumocystis agents in patients with advanced human immuno-
deficiency virus infection. N Engl J Med 1995;332:693-9.

28. Hardy WD, Feinberg J, Finkelstein DM, et al. A controlled trial of tri-
methoprim—sulfamethoxazole or aerosolized pentamidine for secondary
prophylaxis of Preumocystis carinii pneumonia in patients with the ac-
quired immunodeficiency syndrome: AIDS Clinical Trials Group protocol
021. N Engl ] Med 1992;327:1842-8.

29. Mei Q, Gurunathan S, Masur H, Kovacs JA. Failure of co-trimoxazole
in Preumocystis carinii infection and mutations in dihydropteroate synthase
gene. Lancet 1998;351:1631-2.

30. Helweg-Larsen J, Benfield TL, Eugen-Olsen J, Lundgren JD,
Lundgren B. Effects of mutations in Preumocystis carinii dihydropteroate
synthase gene on outcome of AIDS-associated P. carinii pneumonia. Lan-
cet 1999;354:1347-51.

31. Rodriguez-Barradas MC, Tharapel RA, Groover JE, et al. Coloniza-
tion by Streptococcus pnewmonine among human immunodeficiency virus-
infected adults: prevalence of antibiotic resistance, impact of immunization,
and characterization by polymerase chain reaction with BOX primers of
isolates from persistent S. pneumonine carriers. J Infect Dis 1997;175:590-7.
32. Hirschel B, Lazzarin A, Chopard P, et al. A controlled study of inhaled
pentamidine for primary prevention of Preumocystis carinii pneumonia.
N Engl ] Med 1991;324:1079-83.

33. El-Sadr WM, Murphy RL, Yurik TM, et al. Atovaquone compared
with dapsone for the prevention of Preumocystis carinii pneumonia in pa-
tients with HIV infection who cannot tolerate trimethoprim, sulfonamides,
or both. N Engl ] Med 1998;339:1889-95.

34. Navin TR, Rimland D, Lennox JL, et al. Risk factors for community-
acquired pneumonia among persons infected with human immunodefi-
ciency virus. J Infect Dis 2000;181:158-64.

35. Hirschtick RE, Glassroth ], Jordan MC, et al. Bacterial pneumonia in
persons infected with the human immunodeficiency virus. N Engl J Med
1995;333:845-51.

36. Carr A, Tindall B, Brew BJ, et al. Low-dose trimethoprim-sulfameth-
oxazole prophylaxis for toxoplasmic encephalitis in patients with AIDS.
Ann Intern Med 1992;117:106-11.

37. Benfield TL, Vestbo J, Junge J, Nielsen TL, Jensen AB, Lundgren JD.
Prognostic value of interleukin-8 in AIDS-associated Preumocystis carinii
pneumonia. Am ] Respir Crit Care Med 1995;151:1058-62.

Copyright © 2001 Massachusetts Medical Society.

174 - N Engl J Med, Vol. 344, No. 3 + January 18,2001 - www.nejm.org

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



