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Abstract

Background: HIV viral load (VL) is currently not part of the criteria for Pneumocystis jirovecii pneumonia (PCP) prophylaxis
discontinuation, but suppression of plasma viremia with antiretroviral therapy may allow for discontinuation of PCP
prophylaxis even with CD4 count <200 cells/uL.

Methods: A systematic review was performed to determine the incidence of PCP in HIV-infected individuals with CD4 count
<200 cells/uL and fully suppressed VL on antiretroviral therapy but not receiving PCP prophylaxis.

Results: Four articles examined individuals who discontinued PCP prophylaxis with CD4 count <200 cells/uL in the context
of fully suppressed VL on antiretroviral therapy. The overall incidence of PCP was 0.48 cases per 100 person-years (PY) (95%
confidence interval (Cl) (0.06-0.89). This was lower than the incidence of PCP in untreated HIV infection (5.30 cases/100 PY,
95% Cl 4.1-6.8) and lower than the incidence in persons with CD4 count <200 cells/uL, before the availability of highly
active antiretroviral therapy (HAART), who continued prophylaxis (4.85/100 PY, 95% Cl 0.92-8.78). In one study in which
individuals were stratified according to CD4 count <200 cells/uL, there was a greater risk of PCP with CD4 count =100 cells/
uL compared to 101-200 cells/uL.

Conclusion: Primary PCP prophylaxis may be safely discontinued in HIV-infected individuals with CD4 count between 101-
200 cells/pL provided the VL is fully suppressed on antiretroviral therapy. However, there are inadequate data available to
make this recommendation when the CD4 count is =100 cells/uL. A revision of guidelines on primary PCP prophylaxis to
include consideration of the VL is merited.
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Introduction

Currently, The National Institutes of Health, the Centers for
Disease Control and Prevention and the HIV (Human Immuno-
deficiency Virus) Medicine Association of the Infectious Diseases
Society of America guidelines state that prophylaxis against
Preumocystis jiroveci pneumonia (PCP) may be discontinued safely
in HIV-infected individuals when CD4 counts are maintained
>200 cells/pL for over three months on antiretroviral therapy [1].
This recommendation was made when prospective observational
and randomized controlled trials in the highly active antiretroviral
therapy (HAART) era demonstrated that discontinuation of PCP
prophylaxis was safe when a sustained CD4 count >200 cells/uL
was achieved [2—4].

Medications used for PCP prophylaxis include trimethoprim/
sulfamethoxazole (TMP-SMX), pentamidine, dapsone and atova-
quone. Adverse effects include anemia, hyperkalemia, renal
dysfunction, hypersensitivity reactions, rashes and hepatitis and
may occasionally be life-threatening [5,6]. TMP-SMX, the first-
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line agent for PCP prophylaxis, may be associated with
hypersensitivity reactions such as Stevens-Johnson Syndrome
[5,6] and have been reported in up to 4% of the HIV population
[6]. Other disadvantages of prophylactic medications include
additional pill burden, drug interactions, and cost. For individuals
on inhaled pentamidine, there is also the inconvenience of
monthly clinic visits [7].

HIV viral load (VL) and changes in VL have clearly been shown
to be associated with the risk of development of Ols, independent
of CD4 count [7,8-11]. Mellors et al. examined longitudinal data
of 1,640 HIV patients registered in the Multicenter AIDS Cohort
Study (MACS). They demonstrated that median HIV-1 RNA
explained 51% and 58% of the variability in AIDS and death, and
median CD4 count accounted for 29% and 35% of this variability,
respectively. The authors concluded that, in patients with
untreated HIV infection, a single HIV-1 RNA measurement was
the strongest predictor of time to AIDS and death, explaining
about half of the variability in these clinical outcomes [10].
However, at present the HIV-RNA level, or VL, is not part of the
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criteria used to guide recommendations for discontinuation of PCP
prophylaxis, which are based almost entirely on CD4 counts [7].

Our goal was to perform a systematic review of the published
studies to determine the incidence of PCP in HIV-infected
individuals with fully-suppressed plasma VL on antiretroviral
therapy who discontinued PCP prophylaxis with CD4 count <200
cells/ul.. We then aimed to compare this incidence to 1) the
natural history rate of PCP in the HIV-infected population, 2) the
incidence of PCP in individuals who discontinued prophylaxis with
CD4l count >200 cells/uL. and 3) the incidence of PCP in
individuals who continue prophylaxis with CD4 count <200 cells/
uL prior to the availability of HAART. If it could be demonstrated
from this evidence that individuals whose CD4 count is <200
cells/ul. and VL are suppressed on antiretroviral therapy could
discontinue prophylaxis with a risk of acquiring PCP similar to
individuals in the other three groups, this finding would have
important clinical implications and would indicate that a revision
of clinical guidelines may be merited.

Methods

Literature Search

We conducted a systematic search of the literature to retrieve
articles examining the incidence of PCP in HIV-infected
individuals with fully-suppressed plasma VL on antiretroviral
therapy who discontinued PCP prophylaxis with CD4 count <200
cells/ul, We searched OVID Medline (1950-August 8 2010),
EMBASE (1947 to 2010 week 31), the Cochrane Central Registry
of Controlled Trials (2005 to September 2010) and the Cochrane
Database of Systematic Reviews (3™ quarter 2010) for original
studies and systematic reviews. Search terms used included
“pneumonia,” “pneumocystis,” ‘“‘pneumocystosis or carinii,”
“antibiotic prophylaxis or chemoprevention or preventative or
prevention,” “HIV infection or human immunodeficiency virus or
AIDS or acquired immune deficiency syndrome,” and ““discon-
tinue or cease or stop or cessation or halt or terminate or
suspend.” Titles and abstracts were reviewed independently by
two investigators. When there was uncertainty regarding the
suitability of a study, full text articles were retrieved and the
articles were discussed between the two investigators until
agreement was reached. Bibliographies of several studies were
also reviewed to ensure all relevant studies were captured.

Studies examining 1) the natural history rate of PCP in the
HIV-infected population, 2) the incidence of PCP in individuals
who discontinued prophylaxis with CD4 count >200 cells/uL and
3) the incidence of PCP in individuals who continue prophylaxis
with CD4 count <200 cells/uL. prior to the availability of
HAART were retrieved by examining the reference list of the
Guidelines for prevention and treatment of opportunistic infec-
tions in HIV-infected adults and adolescents: recommendations
from CDC, the National Institutes of Health, and the HIV
Medicine Association of the Infectious Diseases Society of America

[1].

Eligibility
Studies in the English language were eligible. Abstracts were not
included.

Study Selection and Data Extraction

To address our primary study question, studies were selected if
they examined the incidence of PCP in adults who met the
following inclusion criteria: 1) HIV-infected, 2) CD4 count <200
cells/ulL, 3) fully suppressed VL as measured by conventional
assays 4) on antiretroviral therapy, and 5) discontinuation of PCP
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prophylaxis (primary or secondary) or not already taking
prophylaxis. Studies in the other three categories were selected if
they were referenced in the current guidelines for prevention and
treatment of opportunistic infections in HIV-infected adults and
adolescents [1], recognizing that other studies in these categories
have been published. Data were extracted by two reviewers.

Analysis

Incidence rates of PCP in persons who discontinued prophylaxis
with CD4 count <200 cells/puL. and fully suppressed VL on
antiretroviral therapy were compared to 1) the natural history rate
of PCP in the HIV-infected population, 2) the incidence of PCP in
individuals who discontinued prophylaxis with CD4 count >200
cells/uLL on antiretroviral therapy and 3) the incidence of PCP in
individuals who continued prophylaxis with CD4 count <200
cells/uL prior to the availability of HAART.

Results

OVID Medline search yielded 154 results, EMBASE yielded
181 results and the Cochrane Databases yielded 76 results. Four
studies contained data which addressed our study question
(Figure 1). Table 1 includes data on clinical characteristics and
Table 2 includes methodological characteristics of the studies.
Table 3 provides incidence rates of PCP.

Studies differed with respect to study design, populations
studied, sample size, follow-up duration and methods of data
analysis. The first study was a case series in which Soriano et al. [4]
retrospectively reviewed outcomes at 18 months in 53 patients
from Spain in whom secondary prophylaxis for various opportu-
nistic infections was discontinued. Twenty-nine of these patients
had been receiving secondary prophylaxis for PCP. Prophylaxis
was discontinued if both the CD4 count was >100 cells/pl and
VL was <500 copies/mL after three months of HAART. Mean
(range) baseline CD4 count prior to initiating antiretroviral
therapy was 114 (3-188) cells/uL. and VL was 28,456 (1834—
345,879) copies/mL. The CD4 counts at which patients
discontinued secondary prophylaxis were not reported. At the
time of the study, conventional VL load assays could only measure
HIV-RNA as low as 500 copies/mL. Of the 53 patients, only one
person developed PCP. However, the patient had interrupted her
antiretrovirals for 6 weeks due to gastrointestinal upset, and
consequently had a VL>500, 000 copies/mL and CD4 of 46
cells/uL [4]. Thus, if this patient were excluded, the incidence of
PCP would be zero cases over 42 person-years follow-up (PYFU).

The second study was a prospective cohort study of 19 patients
in which D’Egidio et al. [12] followed patients from Ottawa,
Canada with CD#4 counts having plateaued at <200 cells/uL and
undetectable VL while off PCP prophylaxis. During this study in
2007, VL assays which detect virus down to 50 copies/mL, were in
use. There were no episodes of PCP during 261 patient-months of
follow-up [12]. The authors compared the incidence of PCP to the
incidence in 1665 patients at the Multicenter AIDS Cohort Study
(MACS) [13] who were not on HAAR'T and not receiving any
prophylaxis against PCP with CD4 counts <200 cells/uL. As
approximately 20 cases of PCP per 100 patient-months of
HAART would have been expected, d’Egidio et al. determined
that the risk of developing PCP while on HAART with a CD4
count <200 cells/pl. was significantly different from the risk in
untreated HIV (rate difference 9.2%; 95% CI 5.7, 12.8%, p<<0.05)
[12,13].

The third study was performed by The Opportunistic Infections
Project Team of the Collaboration of Observational HIV
Epidemiological Research in Europe (COHERE), a collaboration
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Records identified through database

searching
N =311

OVID Medline=154
EMBASE=181
Cochrane Databases=76

h 4

(n=156)

Records after duplicates removed

Records screened
(n=156)

A 4

Records Excluded
(n=152)

Reasons for exclusion®

Not Relevant**=105
Non-HIV infected subjects=2
Discontinuation of PCP prophylaxis but CD4 =200 cells/uL=24
PCP prophylaxis not discontinued=21

Y

(n=4)

Studies included in qualitative synthesis

*If records were excluded for more than one reason, the mostsignificantreason for exclusion was selected.

**Records which were letters, commentaries orreviews, which examined exclusively the pediatric population orwhich examined side effect profile
as a primary outcome were classified as notrelevant.

Figure 1. Flow diagram of literature search for systematic review.

doi:10.1371/journal.pone.0028570.g001

of 33 cohorts in 29 European countries which examines prognosis
and outcome in HIV-infected individuals from across Europe.
These cohorts include approximately 240,000 adults, 6,400
children and 28,000 mother-infant pairs. The COHERE study
[14] was a prospective study of 12 cohorts in Europe which
analyzed the incidence and risk factors for primary PCP. The
incidences of primary PCP were calculated after stratification by
current use of PCP prophylaxis (“on” or “off”’) and VL. Another
analysis was performed whereby the incidence of primary PCP
after discontinuing prophylaxis in patients having initiated
HAART was performed. This latter analysis was relevant to our
systematic review. In this latter analysis, patients who had never
initiated primary PCP prophylaxis or discontinued prior to starting
HAART were excluded. In the COHERE study patients were also
stratified according to CD4 count, and thus is the only study
providing data about the incidence of PCP in persons with CD4
counts =100 cells/uL. and suppressed VL discontinuing prophy-
laxis. Two data sets were of interest to us (CD4 =100 and VL
<400, and CD4 101-200 and VL <400, who discontinued
prophylaxis). For individuals with CD4 counts between 101-200
cells/uL and VL. <400 copies/mL, there were no episodes of PCP
over 570.4 PYFU, thus yielding an event rate of 0 events per 100
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PYFU (95% CI, 0.0, 0.65) [14]. In patients with CD4 counts =100
cells/uL. and VL <400 copies/mL, there were 4 episodes of PCP
over 104.2 person-years follow-up PYFU, for an event rate of 3.84
events per 100 PYFU (95% CI, 1.05, 9.83) [14].

In the fourth and last study, which originated from Taiwan,
Cheng et al. [15] examined the incidence of PCP in three groups
of subjects who discontinued primary and secondary prophylaxis
and those who had never initiated prophylaxis for PCP according
to guidelines. The subpopulation of interest for our review was the
215 patients who achieved undetectable VL and had early
discontinuation of primary (n=130) or secondary (n=85)
prophylaxis for PCP. A single patient who had been receiving
secondary prophylaxis developed PCP after a total period of
observation of 323 PY, giving an incidence rate of 0.31 episodes/
100 PY (95% CI, 0.01, 1.72). This was similar to the incidence in
patients who continued prophylaxis until their CD4 count was
>200 cells/uL (incidence rate 0.45 cases/100 PY (95% CI 0.05,
1.63) and adjusted risk ratio 0.63; 95% CI 0.03, 14.89) [15].

Figure 2 demonstrates the incidence rates (IR) for PCP in
patients with CD4 counts <200 cells/pL and suppressed VL who
discontinued prophylaxis. The overall incidence of PCP when
these studies are combined is 0.48 events/100 PY (95% CI 0.06,
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NR NR

NR NR

NR

<400

Persons from cohorts with prospectively registered
start and stop dates of specific therapeutic and

COHERE study
group [14]

prophylactic regimens against PCP with follow-up
time after January 1998 and started on HAART
on or after this date; =1 CD4 count and VL

obtained during the follow-up period

NR NR

NR NR

NR

<400

Baseline CD4 count <200 cells/uL and more

than 3 months on HAART

Cheng CY

et al [15]

not reported for subpopulation of interest.

doi:10.1371/journal.pone.0028570.t001

NR=
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0.89). As only the COHERE study stratified patients based on
CD4 count =100 cells/pL and 101-200 cells pL., we were unable
to stratify the overall incidences of PCP based on CD4 count.
Furthermore, only the COHERE study examined incidence of
PCP in the context of discontinuation of primary prophylaxis.
Although the other three studies examined patients discontinuing
both primary and secondary prophylaxis, only Cheng et al.
reported data separately for the discontinuation of primary and
secondary prophylaxis. Hence, we were unable to report incidence
rates of PCP for discontinuation of primary versus secondary
prophylaxis in this systematic review. Furthermore, as the
COHERE study did not indicate the number of individuals with
CD4 counts <200cells/pLL and suppressed VL. on HAART who
were adults, it was not possible for us to include rates from the
COHERE study in our systematic review which necessarily
applied to adults only.

Figure 3 depicts this incidence compared to the incidence of
PCP in untreated HIV infection (5.30 events/100 PY, 95% CI 4.1,
6.8). This incidence rate is the pooled rate based on the incidence
of PCP at different CD4 strata in two cohorts reported by
Yazdanpanah et al. (3.1 cases/100 PY, 95% CI 2.0, 4.6 for
individuals with CD4 count 101-200 cells/pL, 6.7 cases/100 PY
(95% CI 3.7, 11.7) for individuals with CD4 51-100 cells/pL and
11.4 cases/100 PY for individuals with CD4 count 0-50 cells/uL
(95% CI 7.5, 17.3) [13]. Figure 3 also depicts the incidence of PCP
in patients with CD4 counts >200 cells/uL with discontinuation
of prophylaxis (0.14 events/100 PY, 95% CI 0, 0.36) [14-16]. The
result was based on data from the COHERE and Cheng studies,
as well as a meta-analysis by Trikalinos et al. [16]. The meta-
analysis by Trikalinos et al. included 14 studies from 1998 until
2001 inclusive [2,3,17-28]. Results from the COHERE, Cheng
et al. and Trikalinos et al. studies were included as they capture the
majority of studies examining the incidence of PCP in patients
with CD4 counts >200 cells/ul. who discontinue prophylaxis.
Data that were published after the meta-analysis by Trikalinos et
al. include studies by Abgrall et al [29], Mussini et al [30] and
Zellweger et al [31]. However, incorporation of data from these
later studies did not have an impact on the reported rate of PCP
(range 0.00-1.2 per 100 person-years).

The incidence of PCP in patients with CD4 counts <200 cells/
uL, before the availability of highly active antiretroviral therapy
and who were receiving PCP prophylaxis, is also demonstrated in
Figure 3 (4.85events/100 PY, 95% CI 0.92-8.78) [32-35]. The
values used to calculate the latter event rate were extracted from
the studies cited in the current guidelines for the prevention of Ols
in HIV-infected adults and adolescents [1], recognizing that there
are additional published reports on this topic. The rates of PCP in
the aforementioned categories are well-established and have been
used frequently in the development of various treatment
guidelines.

Discussion

Recommendations for chemoprophylaxis discontinuation are
based on CD4 counts [1]. However, there are limitations with
using the peripheral blood CD4 count as the sole marker of
immune response. It is estimated that only 2% of the total pool of
CD4 T cells are present in blood at any time, and that even a small
shift in the distribution of cells between the lymphoid tissues and
blood cells may result in a large alteration in peripheral blood
CD4 count [36]. In many studies suggesting it is safe to
discontinue PCP prophylaxis when CD4 count is >200 cells/
uL, this rise in CD4 count was accompanied by a decline in VL
[7]. Furthermore, patients with similar CD4 counts frequently
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Table 2. Methodological Characterization of Studies on Discontinuation of PCP prophylaxis.

Single vs Multiple Primary Outcome

Author Recruitment Period Country Study Designs Centres Outcomes Definitions
Soriano V et al [4] March 1997-March Spain Case series Single Opportunistic NR

1998 Infections
D’Egidio G et al [12] NR Canada Prospective cohort Single PCP CDC
COHERE study group 1997 until NR 29 European Prospective cohort (12 Multiple PCP CDC
[14] Countries cohorts)
Cheng CY April 1997-September  Taiwan Prospective observational ~Single PCP CDC
et al [15] 2007

NR = nor reported for subpopulation of interest.
CDC =Centre for Disease Control Definition of PCP.
doi:10.1371/journal.pone.0028570.t002

progress at different rates despite taking the same medications [8].
These findings suggest that CD4 count alone is not the sole
predictor of susceptibility to PCP.

Improvement in immune function associated with lower VL has
been observed when assessing responses to vaccinations. For
example, lower VLs have been associated with improved responses
to hepatitis A, hepatitis B and varicella vaccinations independent
of CD4 count [37-39]. In a large survey of an HIV-infected
cohort in the United States, a protective effect of PPV-23
vaccination was also shown against all-cause pneumonia, and this
benefit was lost in patients with VL >100,000 copies/mlL,
irrespective of the CD4 count [40]. Moreover, in a randomized,
double-blind comparative trial of subunit and virosomal influenza
vaccines for immunocompromised patients, suppression of VL
with HAART was a more important predictor of response to
influenza vaccination than the CD4 count [41].

In addition to discontinuation of prophylaxis after initiation of
HAART, the COHERE study also analyzed the general incidence
of PCP in persons who either never initiated prophylaxis or
discontinued prophylaxis prior to initiating HAAART. They
demonstrated an overall event rate of 0.12 events per 100 PYFU
(95% CI 0.02-0.45) when the CD4 count is between 101-200
cells/ul. and VL is suppressed in patients not receiving
prophylaxis. This was similar to the event rate of 0.21 episodes
per 100 PYFU (95% CI 0.08-0.43) in persons with CD4 counts
between 101-200 cells/pL and suppressed VL receiving prophy-
laxis. The low overall incidence rate of PCP when CD4 count is
101-200 cells/uL. may serve as supporting evidence that

prophylaxis may not be required in patients with suppressed VL
and CD4 count in the 101-200 cells/uL range.

Another important observation from the COHERE study was
that the risk of PCP differed based on the CD4 strata in individuals
who discontinued prophylaxis after initiating HAART. While it
appeared safe to discontinue prophylaxis with CD4 count between
101-200 cells/pL, the upper confidence interval level of the
incidence rate in persons who discontinued prophylaxis with CD4
count =100 cells/pL after initiating HAART was high (9.83
events per 100 PYFU), suggesting an unacceptably high risk of
PCP in this one study.

The studies included in this review differed in several important
aspects. Most notably, not all studies examined the same primary
outcome (i.e. incidence of PCP during follow-up in patients off
prophylaxis with CD4 counts <200 cells/pL and suppressed VL),
thus we were unable to perform a meta-analysis. Furthermore,
some studies examined discontinuation of PCP primary prophy-
laxis whereas others examined discontinuation of PCP secondary
prophylaxis. Individuals receiving PCP prophylaxis for primary
compared to secondary prophylaxis may differ in that having had
PCP in the past increases one’s risk for the development of
subsequent episodes [1,9]. Moreover, in addition to adults, the
COHERE cohorts also include children and mother-infant pairs.
However, the number of adults, children and mother-infant pairs
who had CD4+ <200 cells/pL and suppressed VL. on HAART is
not reported.

Studies also differed significantly with respect to sample sizes
and follow-up conditions. Sample size ranged from 19 subjects in

@ PLoS ONE | www.plosone.org

Table 3. Incidence Rates of PCP with Discontinuation of PCP prophylaxis with CD4 count =200 cells/uL and Fully Suppressed Viral
Load (VL).

Author Duration of follow-up (Patient Years) N analyzed Events  Rate/100 PY (95% Confidence Interval)
Soriano V et al [4] 42 28 0 0 (0, 8.78)

D’Egidio G et al [12] 21.75 19 0 0 (0, 17.0)

COHERE study group [14] 674.6* NR* 4% 0.59 (0.16, 1.52)*

CD4=100 cells/uL 104.2 NR 4 3.84 (1.05, 9.83)

CD4 100-200 cells/uL 570.4 NR 0 0 (0, 0.65)

Cheng CY et al [15] 323 215 1 0.31 (0.01, 1.71)

Pooled 0.48 (0.06, 0.89)

NR = not reported for subpopulation of interest.

*Based on combined data for CD4=100 and 101-200 cells.

doi:10.1371/journal.pone.0028570.t003
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Rate and 95% CI

0.59 (0.16, 1.52)
0.31 (0.01, 1.71)
0.48 (0.08, 0.89)

Author Patient Years Events
Soriano V et al. [4] 42 0 $—» 0(0,878)
D’Egidio G et al [12] 21.75 0 ——— 0(0,17.0)
COHERE study group [14] 674.6 4 -
Cheng CY et al [15] 323 1 R
Pooled i

0.00 2.50 5.00

Rate (per 100 PY)

Figure 2. Incidence of PCP in HIV-infected Individuals on Antiretroviral Therapy who Discontinue Prophylaxis with CD4+ Count

<200 cells/uL with Suppressed Viral Load.
doi:10.1371/journal.pone.0028570.g002

the D’Egidio study to greater than 20, 000 in the COHERE study.
In the COHERE study, one individual could provide several
episodes of PCP to one CD4/VL stratum, while in the other
studies individual follow-ups are examined. In the Soriano et al.
study, follow-up included time with CD4 count >200 cells/uL,
therefore likely underestimating the incidence of PCP and
overestimating safety by prolonging follow-up. In the Cheng et
al. study, follow-up time included persons with detectable VLs,
thus likely overestimating the incidence. Follow-up durations
whereby patients were off prophylaxis with CD4 counts <200
cells/puL and suppressed viremia differed among studies. Finally,
studies were performed at different time points and current VL
assays have increased sensitivity compared to those used decades
ago. Whereby older assays could only measure VL to 400-500

copies/mL, newer assays can measure VL down to 40-50 copies/
mL. This may be important due to deleterious effects associated
with even low level plasma viremia, such as direct viral
cytopathogenecity, persistent immune activation with apoptosis
of uninfected cells, and decreased thymic output of naive CD4 T
cells [37].

Limiting the use of prophylaxis against PCP to situations where
it has been shown to be most beneficial will minimize adverse drug
reactions. The AIDS Clinical Trials Group (ACTG) 081 was a
randomized clinical trial (RCT) of 842 HIV-infected individuals
which compared the effectiveness of three alternative prophylactic
regimens. There was no difference among treatment arms with
regards to adverse events. Prevalence of patient self-reported
fatigue was 67%, headache 61%, sleep disturbance 50% and

Population Characteristics Patient Years Events Rate and 95% CI

Natural History of PCP with CD4

<200 cells/pL
Yazdanpanah Y et al. [13] 1178 83 - 53(4.1,68)

CD4 = 200 cells/uL with PCP

prophylaxis discontinuation
COHERE study group [14] 13269.4 0 [ 0(0, 0.03)
Cheng CY et al. 1° proph [15] 234 1 ~— 0.43 (0.01, 2.38)
Cheng CY et al. 2° proph [15] 210 1 -— 0.48 (0.01, 2.65)
Trikalinos TA et al. [16] 3449 8 . 0.23 (0.10, 0.46)
Pooled N 0.14 (D, 0.36)

CD4 < 200 cells/pL with PCP

prophylaxis continuation
Hardy WD et al. [32] 4495 49 —e—  10.90 (8.08, 14.41)
Schneider MM et al. [33] 154 6 —_—— 3.89 (1.43, 8.48)
Schneider MM et al. [34] 268 0 - 0(0,1.38)
Bozzette SA et al. [35] 2058 105 - 5.10(4.17,6.18)
Pooled i 485(0.92, 8.78)

Current Study Pooled information > 0.48 (0.06, 0.89)

0.00 7.50 15.00

Rate (per 100 PY)

Figure 3. Incidence of PCP in HIV-infected Individuals in Various Situations.

doi:10.1371/journal.pone.0028570.g003
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dermatological problems 46%. Fever, sense of imbalance,
paresthesias, diarrhea and cough all had self-reported prevalences
greater than 30%, demonstrating a substantial burden of adverse
effects [42]. In an earlier meta-analysis by Ioannidis et al., which
examined RCTs comparing efficacy and toxicity of different PCP
prophylaxis regimens, trimethoprim-sulfamethoxazole was almost
universally efficacious at preventing PCP when tolerated. The risk
of discontinuing trimethoprim-sulfamethoxazole due to adverse
reactions depended on dosing schedule and decreased by 43% if
one double-strength tablet was given three times weekly instead of
daily. For dapsone, among 100 patients given 100 mg orally once
daily instead of twice weekly over a year, the authors determined
that 7 fewer patients would develop PCP but 17 more would have
significant toxic reactions [43]. Of the 4 studies included in our
systematic review, only Cheng et al. reported the incidence
adverse effects due to PCP prophylaxis. They estimated the crude
incidence of adverse effects for primary prophylaxis with
trimethoprim-sulfamethoxazole to be 23.3%, of which 13.3%
were due to skin rashes, 6.8% due to leukopenia, 2.9% due to
gastrointestinal intolerance and 0.4% due to Stevens-Johnson
syndrome. Of 47 patients (21.8%) who developed adverse events
leading to discontinuation of secondary prophylaxis, adverse
events included skin rashes in 17.6%, gastrointestinal intolerance
in 2.3% and leukopenia in 1.9% [15]. However, it should be noted
that these rates do not apply exclusively to individuals with CD4
counts <200 cells/pL with suppressed VL. on HAAR'T.

An important limitation of our systematic review is the
heterogeneity between the studies examined. Although this
precluded us from performing a meta-analysis, we pooled results
to include the totality of available, relevant evidence in our
systematic review. Another limitation of our study is its
retrospective nature in which we were dependent upon the
availability and accuracy of data reported by others. Furthermore,
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none of the studies included were randomized controlled trials,
eliminating the ability to control for confounding factors which
may have influenced results.

The question of whether it is safe to discontinue prophylaxis
with suppressed VL and CD4 count <200 cells/pL would be best
addressed with an RC'T. However, this is unlike unlikely to occur
in the foreseeable future. As a meta-analysis was not possible due
to the heterogeneity between studies, here we conducted a
systematic review of the available evidence. Though studies are
few in number, when examined together there is sufficient
evidence to demonstrate that the risk of PCP infection in HIV-
infected individuals on HAART with suppressed VL is sufficiently
low to allow discontinuation of primary prophylaxis, despite a
CD4 count between 101-200 cells/uL. Given the low overall risk
of PCP with CD4 count between 101-200 cells/uL, combined
with the drawbacks of prophylaxis for Ols, we suggest a revision of
clinical guidelines for primary prophylaxis is merited to include
consideration of the VL. However, as only one study examined the
risk of PCP prophylaxis discontinuation at different CD4 strata,
including =100 cells/pL, it may not be appropriate to apply this
recommendation to individuals with CD4 counts of =100 cells/pL
at this time.

Acknowledgments

The authors would like to thank Ms Risa Schorr and Ms Sascha Davis for
assistance with the literature search, as well as Dr Bill Cameron for
thoughtful discussion and review of the manuscript.

Author Contributions

Conceived and designed the experiments: CTC JBA. Performed the
experiments: CTC JBA. Analyzed the data: SD DAF. Wrote the paper:
CTC JBA.

11. Lyles RH, Chu C, Mellors JW, Margolick JB, Detels R, et al. (1999) Prognostic
value of plasma HIV RNA in the natural history of Preumocystis carinii pneumonia,
cytomegalovirus and Mycobacterium avium complex. AIDS 13: 341-349.

12. D’Egidio GE, Kravcik S, Cooper C, Cameron DW, Fergusson DA, et al. (2007)
Pneumocystis jiroveci pneumonia prophylaxis is not required with a CD4+ T cell
count <200 cells/p/L when viral replication is suppressed. AIDS 21:
1711-1715.

13. Yazdanpanah Y, Chene G, Losina E, Goldie S], Merchadou LD, et al. (2001)
Incidence of primary opportunistic infections in two human immunodeficiency
virus-infected French clinical cohorts. Int J Epi 30: 864-871.

14. The Opportunistic Infections Project Team of the Collaboration of Observa-
tional HIV Epidemiological Research in Europe (COHERE) (2010) Is it safe to
discontinue primary Preumocystis jiroveci pneumonia prophylaxis in patients with
virologically suppressed HIV infection and a CD4 cell count <200 cells/pL?
Clin Infect Dis 51: 611-619.

15. Cheng CY, Chen MY, Hsich SM, Sheng WH, Sun HY, et al. (2010) Risk of
pneumocystosis after early discontinuation of prophylaxis among HIV-infected
patients receiving highly active antiretroviral therapy. BMC Infect Dis 10: 1-8.

16. Trikalinos TA, Ioannidis JPA (2001) Discontinuation of Preumocystis carinit
prophylaxis in patients infected with human immunodeficiency virus: A meta-
analysis and decision analysis. Clin Infect Dis 33: 1901-1909.

17. Koletar SL, Heald AT, Murphy RL, et al. (2000) Discontinuing primary and
secondary PCP prophylaxis in patients who have increased CD4 counts in
response to antiretroviral therapy: preliminary results-sACTG 888 [abstract 243].
In: Abstracts of the 7" Conference on Retroviruses and Opportunistic Infections
(Alexandria, Virginia). AlexandriaVirginia: Foundation for Retrovirology and
Human Health.

18. Ledergerber B, Mocroft A, Reiss R, Furrer H, Kirk O, et al. (2001)
Discontinuation of secondary prophylaxis against Preumocystis carinit pneumonia
in patients with HIV infection who have a response to antiretroviral therapy.
N Engl J] Med 344: 168-174.

19. Yangco BG, Von Bargen JC, Moorman AC, Holmberg AC, Holmberg SD
(2000) Discontinuation of chemoprophylaxis against Preumocystis carinii pneumo-
nia in patients with HIV infection. HIV Outpatient Study (HOPS) investigators.
Ann Intern Med 132: 201-205.

20. Kirk O, Lundgren JD, Pedersen C, Nielsen H, Gerstoft J (1999) Can

chemoprophylaxis against opportunistic infections be discontinued after an

December 2011 | Volume 6 | Issue 12 | e28570



21.

24.

26.

28.

29.

30.

increase in CD#4 cells induced by highly active antiretroviral therapy? AIDS 13:
1647-1651.

Weverling GJ, Mocroft A, Ledergerber B, Kirk O, Gonzales-Lahoz J, et al.
(1999) Discontinuation of Preumocystis carinii pneumonia prophylaxis after start of
highly active antiretroviral therapy in HIV-1 infection. EuroSIDA Study Group.
Lancet 353: 1293-1298.

Schneider MM, Borleffs JC, Stolk RP, Jaspers CA, Hoepelman Al (1999)
Discontinuation of prophylaxis for Preumocystis carinii pneumomia in HIV-1
infected patients treated with highly active antiretroviral therapy. Lancet 353:
201-203.

. Garcia Vazquez E, de Grogolas Hernandez M, Garcia Delgado R, Fernandez

Guerrero ML (1999) Withdrawal of Preumocystis carinii pneumonia prophylaxis in
patients receiving efficacious combined antiretroviral treatment: study of 85
cases. Med Clin (Barc) 113: 89-90.

Mussini G, Pezzotti P, Govoni A, Borghi V, Antinori A, et al. (2000)
Discontinuation of primary prophylaxis for Preumocystis carinii pneumonia and
toxoplasmosis encephalitis in human immunodeficiency virus type l-infected
patients: the changes in opportunistic prophylaxis study. J Infect Dis 181:
1635-1642.

. Lopez Bernaldo JC, Miro JM, Pena JM, Podzamczer D, Alberdi JC, et al. (2001)

A randomized trial of the discontinuation of primary and secondary prophylaxis
against Preumocystis carinii pneumonia after highly active antiretroviral therapy in
patients with HIV infection. N Engl J Med 344: 159-167.

Dworkin MS, Hanson DL, Kaplan JE, Lones JL, Ward JW (2000) Risk for
preventable opportunistic infections in persons with AIDS after antiretroviral
thereapy increases CGD4+ T lymphocyte counts above prophylaxis thresholds.
The Adult/Adolescent Spectrum of HIV Disease Project. J Infect Dis 182:
611-615.

. Maradona JA, Rodriguez-Guardado A, Carton JA, Asensi V, Cassado L (1998)

Pneumocystis carinii prophylaxis withdrawal in highly active antiretroviral therapy
responsive patients [abstract I-206]. In: Abstracts of the Interscience Conference
on Antimicrobial Agents and Chemotherapy (San Diego). Washington, DC:
American Society of Microbiology.

Ravaux I, Chadapavd S, Quinson AN, Dahan V, Gallais H (1998) Discontinue
primary prophylaxis regimens in selected HIV-infected patients treated with
HAART [abstract 31225]. In: Abstracts of the International Conference on
AIDS (Geneva). Stockholm: International AIDS Society.

Abgrall S, Matheron S, Le Moing V, Dupont C, Costagliola D, et al. (2001)
Pneumocystis carinii pneumonia recurrence in HIV patients on highly active
antiretroviral therapy: Secondary prophylaxis. J Acquir Imm Defic Synd 26:
151-158.

Mussini C, Pezzotti P, Antinori A, Borghi V, d’Arminio A, et al. (2003)
Discontinuation of secondary prophylaxis for Preumocystis carinii Pneumonia in
Human immunodeficiency Virus-infected patients: A randomized trial by the
CIOP study group. Clin Infect Dis 36: 645-651.

@ PLoS ONE | www.plosone.org

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

Discontinuation of PCP Prophylaxis

Zellweger C, Opravi M, Bernasconi E, Cavassini M, Bucher HC, et al. (2004)
Long-term safety of discontinuation of secondary prophylaxis against Pneumo-
cystis pneumonia: Prospective multicentre study. AIDS 18: 2047-2053.

Hardy WD, Feinberg J, Finkelstein DM, Power ME, He W, et al. (1992) A
controlled trial of trimethoprim-sulfamethoxazole or aerosolized pentamidine for
secondary prophylaxis of Preumocystis carinit prophylaxis in patients with the
acquired immunodeficiency syndrome. N Engl J] Med 327: 1842-1848.
Schneider MM, Hoepelman Al, Eeftinck Schattenkerk JK, Nielsen TL, van der
Graaf Y, et al. (1992) A controlled trial of aerosolized pentamidine or
trimethoprim-sulfamethoxazole as primary prophylaxis against Preumocystis
carinti pneumonia in patients with human immunodeficiency virus infection.
N Engl ] Med 327: 1836-1841.

Schneider MM, Nielsen TL, Nelsing S, Hoepelman AIM, Eeftinck
Schattenkerk JKM, et al. (1995) Efficacy and toxicity of two doses of
trimethoprim-sulfamethoxazole as primary prophylaxis against Preumocystis
carinti Pneumonia in patients with human immunodeficiency virus. J Infect

Dis 171: 1632-1636.

. Bozette SA, Finkelstein DM, Spector SA, Frame P, Powderly WG, et al. (1995)

A randomized trial of three anti-pneumocystis agents in patients with advanced
human immunodeficiency virus infection. N Engl ] Med 332: 693-695.

Lane HC (2010) Pathogenesis of HIV infection: Total CD4+ T-cell pool,
immune activation, and inflammation. Top HIV Med 18: 2-6.

Weinberg A, Gona P, Nachman SA, Defechereux P, Yogev R, et al. (1996)
Antibody responses to hepatitis A virus vaccine in HIV-infected children with
evidence of immunologic reconstitution while receiving highly active antiretro-
viral therapy. J Infect Dis 193: 302-311.

Fonseca MO, Pang LW, Cavalhiero N, Barone AA, Lopez MH (2005)
Randomized trial of recombinant hepatitis B vaccine in HIV-infected adult
patients comparing a standarddose to a double dose. Vaccine 23: 2902-2908.
Levine MJ, Gershon AA, Weinberg A, Blanchard S, Nowak B, et al. (2001)
Immunization of HIV-infected children with varicella vaccine. J Pediatr 139:
305-310.

Teshale EH, Hanson D, Flannery B, Phares C, Wolfe M, et al. (2008)
Effectiveness of the 23-valent polysaccharide pneumococcal vaccine on
pneumonia in HIV-infected adults in the United States, 1998-2003. Vaccine
26: 5830-5834.

Evison J, Farese S, Seitz M, Uehlinger DE, Furrer H, et al. (2009) Randomized
double-blind comparative trial of subunit and virosomal influenza vaccines for
immunocompromised patients. Clin Infect Dis 48: 1402-1412.

Justice A, Rabeneck L, Hays RD, Wu A, Bozette SA (1999) Sensitivity,
specificity, reliability, and clinical validity of provider-reported symptoms: A
comparison with self-reported symptoms. J Acquir Immun Def Synd 21:
126-133.

. Joannidis JPA, Cappelleri JC, Skolnik PR, Lau J, Sacks HS (1996) A meta-

analysis of the relative efficacy and toxicity of Preumocystis carinii prophylactic
regimens. Arch Intern Med 156: 177-188.

December 2011 | Volume 6 | Issue 12 | e28570



