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Abstract

Aim—To determine the role of primary antifungal prophylaxis in the prevention of cryptococcal
meningitis and all-cause mortality in advanced HIV infection

Materials & methods—This was a systematic review and meta-analysis of randomized trials
and observational studies. Google Scholar™, PubMed and Embase databases were searched for
relevant studies. Quality was assessed using different criteria, depending on study type.
Publication bias was assessed and subgroup and sensitivity analyses were performed. When the
results of the meta-analysis were homogeneous, the fixed-effects model was used; when the
results of the meta-analysis were heterogenous, the random effects model was used.

Results—Primary prophylaxis prevented cryptococcal meningitis but did not confer protection
against overall mortality, although there was evidence of a reduction in cryptococcal-specific
mortality in resource-limited settings.

Conclusion—Primary antifungal prophylaxis should be recommended in patients with advanced
HIV infection in resource-limited settings with a high incidence of cryptococcal meningitis.
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Cryptococcal meningitis is an often-fatal infectious disease caused by the fungus
Cryptococcus neoformans. Cryptococcal meningitis primarily occurs in profoundly
immunosuppressed patients, and it is one of the major opportunistic infections causing
morbidity and mortality in patients with advanced HIV infection. The main portal of entry of
C. neoformans infection to the body is thought to be via inhalation of the fungus, with most
patients initially developing a subclinical pulmonary infection [1, 101]. At the time of
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hospitalization, most HIV-infected patients with C. neoformans infection have a CD4* T
lymphocyte (CD4 cell) count <100 cells/ul [2]. Patients mainly present to hospital following
CNS involvement leading to meningoencephalitis. Death from HIV-associated cryptococcal
meningoencephalitis remains common in resource-limited settings, accounting for 13-44%
of all AIDS-related deaths in sub-Saharan Africa [3-5], even with the increased availability
of antiretroviral therapy (ART). As a result, strategies to prevent morbidity and mortality
from cryptococcal meningitis are required in such settings. Prevention of cryptococcal
meningitis in the context of HIV-infection may take one of two forms; provision of
antifungal medication with the sole aim of preventing infection in those without prior
evidence of the disease (primary prophylaxis), or secondary antifungal prophylaxis, which
involves provision of antifungal medication following diagnosis and treatment of
cryptococcal meningitis in order to prevent relapse of infection [102]. Studies performed in
most settings have lent support to the role of azoles as being effective in the primary
prevention of cryptococcal infections [6], although most of these studies have not shown
prophylaxis with azole drugs to confer a survival benefit.

Recommendations formulated by expert panels in industrialized countries do not support
routine primary prophylaxis with azole drugs in HIV-infected individuals, given the
comparatively low incidence of cryptococcal infection in such settings, the potential
emergence of azole-resistant Candida species strains, possible problems with compliance
and drug interactions, and cost [7]. Moreover, the sharp decline in the incidence of
opportunistic infections resulting from the wider use of HAART has further tilted the
balance away from primary prophylaxis in industrialized countries [8,9]. However, in
resource-constrained settings, where both the incidence of cryptococcal meningitis and the
associated case—fatality rate are high, strategies including pre-emptive treatment for latent
infection or antifungal prophylaxis may have a measurable impact on overall mortality in a
population with advanced HIV infection. These approaches are supported by findings from
studies done in these settings. In two observational studies done in resource-limited settings,
serum cryptococcal antigen (CRAG) testing was utilized for all patients with advanced HIV
infection (i.e., CD4 lymphocyte counts below 100 cells/mm3) [10,11]. In one of the studies,
all patients with positive cryptococcal antigenemia were started on ART and then given
either fluconazole for 2-4 weeks or no antifungal treatment. Of the patients receiving no
fluconazole, all died within 2 months of initiation of ART, while in the group receiving
fluconazole, clinical cryptococcal meningitis developed in only three patients; survival was
71% at 30 months, and it was judged to be cost effective to screen for serum cryptococcal
antigen and to provide antifungal treatment [11]. In the second study, approaches were
compared: no antifungal medication; performing serum CRAG testing followed by
provision of antifungal medication to CRAG-positive patients; and primary prevention with
fluconazole, irrespective of CRAG test status [10]. Serum CRAG testing and prophylaxis
was found to be the most economical means of preventing AlDS-associated cryptococcosis
in patients with a CD4 cell count below 100 cells/mm3, over a short-term period. Treatment
based on the results of CRAG testing was found to be cheaper but less effective than routine
azole prophylaxis. In resource-constrained settings with a high prevalence of cryptococcal
antigenemia, WHO currently recommends routine serum or plasma CRAG testing in ART-
naive HIV-infected adults, and provision of pre-emptive antifungal treatment if the CRAG
test is positive, in patients who have not yet begun receiving ART and who have CD4 cell
counts below 100 cells/mm?3 [102]. In a clinical trial in Uganda, HIV-infected patients with a
CD4 cell count of 200 cellss/mm3 and a negative test for cryptococcal antigenemia were
recruited and randomized to placebo or primary antifungal prophylaxis. In this study, there
was a reduction in cryptococcal meningitis-specific mortality in patients receiving antifungal
prophylaxis [12]. Early ART is the best and most cost-effective strategy for preventing
cryptococcal meningitis and associated mortality, as well as other HIV-associated
opportunistic infections [103]. WHO recommends initiation of ART for HIV infection as
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soon as the CD4 cell count falls to less than 350 cells/mm3 [102]. However, given the fact
that most HIV-infected patients present for treatment late in the course of HIV infection
(when their CD4 cell counts are much less than 250 cellss/mm3), and given the high mortality
and morbidity associated with cryptococcal meningitis in resource-limited settings [2-4,13],
primary antifungal prophylaxis in patients with advanced HIV infection may lead to a
survival benefit. In this systematic review and metaanalysis, we examine the role of primary
antifungal prophylaxis in the prevention of cryptococcal meningitis and its impact on all-
cause mortality in those with advanced HIV infection.

Materials & methods

Study selection

Patient selection was based on the PICO criteria, which require defining the population of
interest, the intervention group, the comparison group and the outcome(s) of interest. Our
population of interest was adult patients with HIV infection. Our study intervention of
interest was the use of an azole drug (e.g., fluconazole or itraconazole) for the prevention of
fungal infections, and the comparison group of interest was use of placebo or no
intervention. We assessed two outcomes: the primary outcome was the occurrence of
cryptococcal meningitis and the secondary outcome was all-cause mortality.

Inclusion & exclusion criteria

We included all randomized trials and observational studies assessing the role of primary
antifungal prophylaxis for the prevention of cryptococcal meningitis or fungal infections in
patients with HIV-infection, with or without all-cause mortality data. The studies had to
have been published in English in a peer-reviewed journal; there were no date restrictions.
Primary antifungal prophylaxis for cryptococcal meningitis was defined as the provision of
an antifungal medication (mainly azole drugs) with the aim of preventing cryptococcal
meningitis in HIV/AIDS patients with negative serum CRAG test results. Participants in the
studies had to have confirmed HIV infection and no prior treatment for cryptococcal
meningitis. Studies comparing antifungal medication to placebo or to no treatment for the
prevention of cryptococcal meningitis in HIV-infected patients were included. Studies were
not included if study participants had a positive serum or cerebral spinal fluid CRAG test, a
prior history of treatment for cryptococcal meningitis or were on secondary antifungal
prophylaxis. In addition, studies of primary prophylaxis but with no comparison group were
excluded, as were studies comparing different doses of antifungal medication for the
prevention of cryptococcal meningitis.

Definition of exposure & outcomes

Exposure was defined as the use of an azole drug, such as fluconazole or itraconazole, in a
patient with HIV infection for prevention of an index episode of cryptococcal meningitis,
while the control groups either received placebo or no intervention. The outcomes of interest
were defined as the occurrence of cryptococcal meningitis (primary outcome) and all-cause
mortality (secondary outcome).

Research questions

For patients with advanced HIV infection, does primary antifungal prophylaxis reduce the
risk of cryptococcal meningitis (primary outcome) or all-cause mortality (secondary
outcome)?
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Search strategy

Databases searched included: PubMed, Google Scholar™ and Embase. Reference sections
of the identified studies were also examined in order to identify additional relevant studies.
The search details are given in Box 1. The search was carried out between September 2012
and February 2013 with the help of a qualified librarian. All headings, as well as abstracts,
were checked, and the articles satisfying the requirements for inclusion were taken up for
review.

Data extraction

The required information was collected using a checklist and included details on the
resources of the study region and year, study type, quality indicators, study population,
sample size, antifungal medication given, frequency and dose of antifungal medication, CD4
cell count cutoff for inclusion in the study and details concerning the comparison group.
Data for the primary and secondary outcomes were also extracted.

Systematic review

For the randomized trials, methodological quality was assessed by checking steps taken to
ensure adequate randomization (i.e., methods for generating the allocation sequence and if
the allocation concealment was adequate); whether blinding was used and steps taken to
ensure it was adequate; method of analysis (i.e., intention-to-treat vs per-protocol analysis);
and duration of follow-up. Concealment of allocation to treatment arms was graded by
means of the standard Cochrane criteria as: adequate (A), unclear (B), not adequate (C) and
if no allocation criteria were utilized (D) [6,14]. Methods of adequate allocation
concealment include centralized or pharmacy-generated randomization; sequentially
numbered or coded similar appearing containers that are distributed serially; use of a random
number generator; and sequentially numbered, sealed, opaque envelopes [15]. Inadequate
methods of allocation concealment include alternation of interventions on admission;
interventions based on use of hospital record numbers; interventions based on date of
enrollment or date of birth; and enrollment based on an open record of random digits. Trial
quality was also assessed using the Jadad scale, an assessment tool graded from 0 to 5, with
a higher score implying higher quality. On this scale, for each of the following: randomized,
double blind, description of withdrawals and study dropouts, a point is awarded. An
additional point each is given if blinding and randomization are considered appropriate or
deducted if they are not considered appropriate. A study is of poor quality if the Jadad score
is below three [16]. For the case—control studies, three principles of comparability were
used: study base — ensure all comparisons are taken from the same reference population;
control for confounding — that measurements of the effects of different levels of exposure
on the outcome of interest are not altered by the effects of extraneous variables; and
comparable accuracy — any inaccuracies in exposure assessment do not differ with regard
to disease status [17]. Cohort study quality assessment was done by means of the Newcastle
—Ottawa scale, which includes: selection criteria for the study participants, ascertainment of
exposure and establishing evidence of the absence of the study outcome at the initiation of
the study; comparability of the study arms on the basis of the design or analysis; and
outcome measurement (if duration of follow-up was adequate for the outcome to occur)
[104].

Data analysis

In order to compute the relative risk (RR) and 95% CI for the development of cryptococcal
meningitis, data from the included studies were used by dividing the risk of cryptococcal
meningitis, following provision of primary antifungal prophylaxis by the risk of
cryptococcal meningitis given no prior primary antifungal prophylaxis. The odds ratio for
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case—control studies was used as an estimate of the risk ratio for these studies. We
performed the same procedure for the secondary outcome of all-cause mortality, when the
data were available. RRs above one implied a greater risk of cryptococcal meningitis or all-
cause mortality in the different groups and those below one implied a reduced risk of the
outcome of interest.

Meta-analysis

Results

The summary RR estimates were calculated and combined by use of both the fixed effects
inverse variance weighting approach [18] and the random effects approach [19], the latter of
which takes into account heterogeneity in a study. Heterogeneity among the studies was
explored by means of the general variance-based method [20]. If heterogeneity was
demonstrated, Cls in the random effects model were adjusted and presented using the
method of Shore et al., in order to account for between-study variance [21]. Calculation was
done for the 12 statistic for each analysis as an estimation of the proportion of the variation in
the effect estimate resulting from heterogeneity. Significant heterogeneity was deemed to be
present if the y2-test statistic divided by the degrees of freedom gave a value more than one,
the p-value was <0.20, and the 12 result was more than 50%. Sensitivity analysis was
performed to establish the impact of different study characteristics on the pooled estimates
and to know how these characteristics, if any, led to a change in the summary effect
estimate. Subgroup analysis was also performed by calculating the resulting estimates based
on the type of study, dosing frequency of antifungal medication, type of antifungal
medication, resources of the country where the study was conducted (i.e., whether it was or
was not a resource-limited setting) and the CD4 lymphocyte count cutoff criteria used for
enrollment in the study. Forest plots were created to assess heterogeneity. Bias due to
publication was explored by plotting the logarithm of the RR for each study by its standard
error [22] and using a funnel plot; a plot of the effect size against the precision. Assessment
for publication bias was limited to outcomes with at least a total of ten studies. Publication
bias was further explored by means of the Egger’s [23] and Begg’s tests [24]. If there was
generally equal dispersion of effect sizes around the overall estimate of effect, then
publication bias was deemed absent. Bias was considered to be present if the Beggs test p-
value was less than 0.20. All statistical analysis and plots were performed by means of
STATA software (Version 12.1; STATA corporation, College Stn, TX, USA). Results were
reported according to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines, which consist of a checklist and a flow chart, comprising four phases,
and reflect the requirements for provision of results for these types of studies [25].

Use of the search terms in the search engines yielded 1148 publications from PubMed and
3015 publications from Embase. Seven records were identified from other sources. The
search details are given in Box I. Of these records, 45 were screened. When these were
searched for relevance to the topic, 23 articles were considered for inclusion in this analysis.
Of these 23, 11 articles were excluded (Figure 1) [6,10,11,37-44]. The characteristics of the
excluded articles are summarized in Table 1. Twelve studies satisfied the criteria for
inclusion for the systematic review and meta-analysis [12,26—36]. Studies carried out in
different states qualified for meta-analysis for the outcome of cryptococcal meningitis (six
from the USA, one from Uganda, two from Italy, two from Thailand and one carried out in
multiple countries) [28]. Studies from six states and the multinational study [28] were
included in the meta-analysis for all-cause mortality as the outcome. The characteristics of
the studies used in the meta-analysis are shown in Table 2. The 12 studies comprised five
randomized trials, three cohort studies and four case—control studies. The studies took place
between 1992 and 2011. The number of patients included in the meta-analysis for the
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primary outcome (cryptococcal meningitis) was 3734 patients. Of these 3734 patients, 2936
were in studies comparing patients who received fluconazole prophylaxis with placebo or no
intervention, while 798 were in studies comparing patients who received itraconazole to
those who received placebo.

Study quality

All the randomized trials [12,26-29] were deemed to be of good quality, with the study by
Parkes-Ratanshi et al. [12] being of the best quality (Table 3). One of the cohort studies [33]
was of good quality, one [36] was of average quality and one [35], was of poor quality
(Table 4). Of the case—control studies, three [31,32,34] were of good quality and one [30]
was of average quality (Table 5).

Meta-analysis

For the primary outcome of cryptococcal meningitis, the pooled estimate of the 12 studies
was RR =0.19 (p < 0.0001; fixed-effects 95% CI: 0.12-0.29) (Table 6). The forest plot in
Figure 2 summarizes these findings and shows significant overlap between the studies. The
12 statistic implied homogeneity (0%) between the studies (x2 = 9.22; degrees of freedom
=11; p = 0.602), and so the fixed effects model was used. Subgroup analysis was done to
explore the contribution of different study characteristics on the pooled outcome.
Homogeneity was maintained when a meta-analysis was done for randomized trials, cohort
studies, studies done in resource-rich settings, and studies based on the CD4 cutoff point of
100 cells/mm3. On subgroup analysis, heterogeneity was noted only when the meta-analysis
was utilized for case—control studies, studies in resource-limited settings, studies comparing
fluconazole to placebo and studies for which antifungal prophylaxis was given daily. In the
sensitivity analysis, eliminating the study by Cantey et al. [30] (due to its large weight, it
was considered to be a potential outlier) had no effect on the homogeneity; also, eliminating
the study by Newton et al. [35] (as it was a poor-quality study) had no effect on the
homogeneity. The results of these meta-analyses are shown in Table 6. For the secondary
outcome (all-cause mortality), the random effects pooled estimate of the seven studies was
RR =1.03 (random effects shore-adjusted 95% CI: 0.81-1.35; p = 0.426). The forest plot in
Figure 3 summarizes these findings. The 12 statistic did not imply heterogeneity (18.1%), but
at x2 = 7.33 (degrees of freedom = 6; p = 0.292), the random effects model with shore
correction of the Cls was used. Subgroup analysis was utilized to assess the role of the
various study characteristics in the observed heterogeneity, and heterogeneity was
maintained when the azole drug regimen and resources of the study country were taken into
consideration (Table 7). For studies conducted in resource-limited settings, the pooled
measure of effect for the prevention of all-cause mortality was RR = 0.86 (random effects
shore-adjusted 95% CI: 0.67-1.50; p = 0.666). Table 6 summarizes the results of all the
meta-analyses regarding the outcome of all-cause mortality.

Assessment for publication bias

A funnel plot was drawn to explore the possibility of publication bias with regard to the
studies included for the primary outcome of cryptococcal meningitis (Figure 4). It was
suggestive of publication bias, as the large studies were not very near the aggregate measure
of effect and, in addition, it was suggestive of small study bias because only small studies
reporting the preventive role of the antifungal medication for cryptococcal meningitis were
represented. In addition, Egger’s test, p = 0.161 showed evidence of publication bias,
although the Begg’s test (the distance an observed value lies from the mean (z) = -1.23 and
probability (Pr)>|z| = 0.217) was not suggestive of this. A funnel plot was not used to assess
for the possibility of publication bias with regard to the secondary outcome of all-cause
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mortality as the total number of studies was not large enough to give meaningful
interpretation of the plot.

Discussion

The results presented here suggest that primary antifungal prophylaxis is effective in
preventing cryptococcal meningitis in HIV-infected patients, but does not appear to have a
protective effect on all-cause mortality in such patients.

These findings do not differ from those from an earlier study [6]. The results are unlikely to
be due to chance, given the pooled p-values of p < 0.0001 (95% CI: 0.12-0.29) and RR =
0.19 for the prevention of cryptococcal meningitis. However, there is a possibility that
publication bias is responsible for these findings, as small studies reporting no preventative
role are under-represented, which could have led to bias of the pooled effect away from the
null. For the secondary outcome of all-cause mortality, the random effects model pooled
effect was RR = 0.95 (random effects shore-adjusted 95% CI: 0.76-1.38; p = 0.613). It was
not possible to assess for publication bias as the total number of studies was less than ten.
On subgroup analysis for studies in resource-limited settings for the impact of primary
prophylaxis on all-cause mortality, the pooled RR was 0.86 (random effects shore-adjusted
95% CI: 0.67-1.50; p = 0.666). Although the Cls include one, the value of 0.84 is much
closer to the lower CI value of 0.67. This might imply that the reduced cryptococcal-specific
mortality associated with prophylaxis might have an impact on all-cause mortality in this
setting. A high level of consistency in the direction of effect for the prevention of
cryptococcal meningitis was seen for all the included studies and homogeneity was
preserved when all of these studies were pooled. For the secondary outcome of all-cause
mortality, primary azole prophylaxis provided no survival benefit. Exploration of
heterogeneity in effect size using subgroup analyses showed that heterogeneity remained
when: the type of study, azole drug used for prophylaxis or the resources of the country in
which the study was done were taken into consideration. All the randomized trials were of
high quality. The subgroup analyses of these trials enabled us to assess withdrawals in a
similar way across all of the subpopulations and to establish factors that might have affected
the presence or size of an effect of any of the azole drugs used. The observational studies
were found to be of good quality apart from one [35]. Primary prophylaxis with
cotrimoxazole in HIV-infection has been documented to be successful for the prevention of
Toxoplasmosis gondii infection and Pneumocystis jirovecii pneumonia [45] and is also
associated with an overall survival benefit in resource-limited settings, irrespective of ART
use [46-48]. However, while most studies demonstrated that primary antifungal prophylaxis
prevents cryptococcal meningitis, primary antifungal prophylaxis is not widely used as a
result of the low incidence of cryptococcal meningitis in some settings, the fear of
development of drug-resistant Candida species strains, and possible problems with
compliance, drug interactions, and cost [7], as well as the finding of no overall survival
benefit [6]. A decision to change treatment policies in resource-limited settings with a high
incidence and mortality owing to cryptococcal meningitis so as to favor routine provision of
primary antifungal prophylaxis to HIV-infected patients has considerable health, policy and
cost implications, and needs to be supported by convincing data. Notably, some studies
performed in resource-limited settings have demonstrated a survival benefit (i.e., a lower all-
cause mortality rate) for patients receiving primary antifungal prophylaxis [10,27], unlike
studies performed in resource-rich settings. A difference in the effect of primary antifungal
prophylaxis on the all-cause mortality outcome is probably due to the fact that there is less
access to HAART, and consequently the incidence of cryptococcal infection is higher in
these settings in comparison with what is seen in industrialized countries such as the USA
[6]. Studies to evaluate the economic benefits of primary antifungal prophylaxis in
preventing mortality in resource-limited settings have also provided encouraging results
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[10,49]; the authors of one of these studies [10]; recommended primary prophylaxis for
patients with CD4 cell counts of less than 50 cells/mm3, and a negative CRAG result, as
well as antifungal treatment for patients with CD4 cell counts of at least 50 cells, but below
100 cells. Another study, performed in Uganda, involving only patients with negative
CRAG tests and CD4 cell counts less than 200 cells/mm3 established reduced cryptococcal
meningitis-specific mortality in patients receiving primary antifungal prophylaxis, and
improved survival after initiating HAART [12]. These findings, along with those from the
study on cost savings in Cambodia [10], suggest that the present WHO recommendation for
pre-emptive antifungal treatment for patients with a CD4 cell count of <100 cells and a
positive CRAG test [102] supported by findings from a study performed in Uganda [11],
should be extended, to support provision of primary antifungal prophylaxis for patients with
a negative CRAG test and a CD4 cell count less than 100 cells. This review has important
limitations. Although we managed to contact some study authors, we were not able to
contact others, and so it is possible that we lacked information on some studies; the review
only included studies published in English and may have missed relevant studies published
in other languages; the models used for the meta-analysis have their weaknesses (the fixed
effects Cl does not take into account variability between studies, while the random effects
Cls are wide, as this model gives relatively large weights to small studies); only one
randomized control trial showed a survival benefit following primary antifungal prophylaxis
[27]; another randomized control trial only showed reduced cryptococcal-specific mortality
[12]; one observational study done to assess cost savings showed a reduction in all-cause
mortality [10], but observational studies are susceptible to selection bias, confounding, and
information bias. The studies included provided primary antifungal prophylaxis at different
dosages, frequency and duration and at different CD4 cell count cutoffs, suggesting that
there is no consensus about these factors. Although some of the studies in resource-limited
settings have stressed the importance of timely ART in addition to antifungal prophylaxis
[12], they have not specified when this ART should be initiated in the context of primary
antifungal prophylaxis. The benefits of successful primary prophylaxis against HIV-
associated cryptococcal meningitis would translate to a reduced incidence of an infection
that is associated with high mortality and morbidity, both in resource-rich settings
(accounting for 10-25% of HIV/AIDS-associated mortality in these settings), where there is
a low incidence [50] and in resource-limited settings (13-44% of HIVV/AIDS-related
mortality), where there is a high incidence of cryptococcal meningitis [3-5]. The high case
—fatality associated with cryptococcal meningitis is thought to be due to the less than fully
effective current antifungal drug regimens and to a failure to manage raised intracranial
pressure [51,52], which is thought to result from impaired resorption of cerebrospinal fluid
by the arachnoid villi [53]. The case—fatality proportion is even worse in resource-limited
settings, where patients often present late for medical care, antifungal drugs may not be
available, and the ability to provide intravenous amphotericin B and monitoring of its
nephrotoxic side effects is often lacking [2—-4,54]. In addition, although lumbar punctures
have been found to be an effective therapeutic intervention for the control of increased
intracranial pressure, there is a cultural bias against this procedure among patients or their
attendants in some resource-limited settings [54].

Conclusion

Given these findings, patients in resource-limited settings with advanced HIV infection and
a CD4 cell count <100 cells/mm3 and a negative CRAG test with delayed or limited access
to ART should routinely receive primary antifungal prophylaxis. Primary antifungal
prophylaxis in resource-limited settings will translate to a reduced incidence of cryptococcal
meningitis and hence a reduction in mortality and morbidity associated with this disease,
although perhaps not to a reduction in all-cause mortality.
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Future perspective

Further studies are needed to establish: the optimal time of initiation of ART in relation to
the antifungal prophylaxis; the duration of primary antifungal prophylaxis in this patient
group, as well as the dosage and frequency; and the CD4 cell count at which primary
antifungal prophylaxis can be safely be stopped.
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Box 1. Search terms used for the studies

Embase search

] 2. #1 AND (“cohort analysis’/de OR “controlled clinical trial’/de OR
‘controlled study’/de OR “‘double blind procedure’/de OR ‘human’/de OR
‘meta analysis’/de OR ‘prospective study’/de OR ‘randomized controlled
trial’/de) AND (‘cryptococcosis’/de OR “human immunodeficiency virus
infection’/de) AND (“fluconazole’/de OR’itraconazole’/de) 1470 results

] 1. “aids’/exp OR aids AND (‘fluconazole’/exp OR fluconazole) 3015 results
PubMed search

] “Acquired Immunodeficiency Syndrome”[MeSH] AND “Itraconazole”
[MeSH] AND Clinical Trial[ptyp]
. “(*acquired immunodeficiency syndrome”[MeSH Terms] OR (“acquired”

[All Fields] AND “immunodeficiency”[All Fields] AND “syndrome”[All
Fields]) OR “acquired immunodeficiency syndrome”[All Fields] OR “aids”
[All Fields]) AND (“fluconazole”[MeSH Terms] OR “fluconazole”[All
Fields]) Acquired Immunodeficiency Syndrome”[MeSH] AND
“Fluconazole”[MeSH] 1148 results

Google Scholar™ search terms

] Keywords used included: acquired immunodeficiency syndrome, human
immunodeficiency virus, prophylaxis, antifungal, azole, fluconazole,
itraconazole, meningitis, cryptococcal, cryptococcus, cryptococcosis,
chemoprevention, antifungal agents, randomized trials, case-control studies
and cohort studies.
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Figure 1.
Flow diagram for the study selection process.
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Author (year) Odds ratio Weight (%)
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%

SO SR I SRR CHR N S AU PRI R RS S I

Cantey et al. (2005) [30] > 0.14 (0.06-0.33) 23.77
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L d
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McKinsey et al. (1999) [29] -

0.12(0.02-0.93)  4.24

Smith et al. (2001) [28] >

0.14 (0.01-2.77)  2.00

Nightingale et al. (1992) [33]

e 0.26 (0.09-0.76) 15.71

Kris et al. (1999) [31]

0.18 (0.04-0.83)  7.66
Manfredi et al. (1997) [36]

0.19 (0.04-0.89)  7.54

Quagliyarello et al. (1995) [32] *

0.08 (0.01-0.73)  3.64

Newton et al. (1995) [35]

+
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Ammassari et al. (1995) [34]

* 0.54 (0.16-1.81) 12.21

Overall (12 = 0.0%; p = 0.602)

0

0.19(0.12-0.29)  100.00

0.01 0.5 1 15225
Odds ratio

Figure 2.
Forest plot for the prevention of the outcome of cryptococcal meningitis.
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Author (year)

Parkes-Ratanshi et al. (2011) [12]

Chetchotisakd et al. (2004) [26]

Page 17

Odd ratio Weight (%)
(95% ClI)

. 1.03 (0.76-1.40) 42.02
0.20 (0.04-1.00) 3.20

McKinsey et al. (1999) [29]
Smith et al. (2001) [28]

Kris et al. (1999) [31]

Manfredi et al. (1997) [36]
Chariyalertsak et al. (2002) [27]
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0.01

| I
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Figure 3. Forest plot for the prevention of the outcome of all-cause mortality

Weights are from random-effects anaysis.
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Figure 4. Assessment of publication bias for studies reporting the preventative effect of primary
antifungal prophylaxis on cryptococcal meningitis
Logor: Logarithm of the odds ratio; SE: Standard error.
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Table 1

Studies excluded from the meta-analysis.

advanced HIV infection and a positive cryptococcal antigen test, but
did not assess for the prevention of cryptococcal meningitis

Study (year) Reason for exclusion Ref.

Pradier et al. (1992) Only abstract found [37]

Caputi et al. (1993) Only abstract found [38]

Nelson et al. (1994) Retrospective case series, evaluated role of fluconazole and [39]
itraconazole for the treatment and prophylaxis of cryptococcal
meningitis

Powderly et al. (1995) Compared fluconazole to clotrimazole troches for prevention of fungal  [40]
infections in HIV patients

Havlir et al. (1998) Compared weekly to daily fluconazole for prevention of fungal [41]
infections in patients with AIDS

Nina et al. (1996) Only looked at patients on fluconazole prophylaxis, no [42]
comparison group

Bozzette et al. (1991)  Compared role of fluconazole to placebo for prophylaxis after [43]
treatment of cryptococcal meningitis

Meyer et al. (2013) Study assessed role of cryptococcal antigen testing and antifungal [44]
treatment for prevention of all-cause mortality, but did not assess for
the prevention of cryptococcal meningitis and included patients with
confirmed clinical cryptococcal meningitis

Chang et al. (2005) Cochrane review of role of primary antifungal prophylaxis for the [6]
prevention of cryptococcal meningitis

Micol et al. (2010) Used a hypothetical cohort of patients to establish the [10]
cost-effectiveness of primary prophylaxis of AIDS-associated
cryptococcal meningitis

Meya et al. (2010) Study provided pre-emptive antifungal treatment to patients with [11]
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Table 4
Quality assessment of the cohort studies.
Study (year) Selection Comparability Outcome Ref.
Nightingale et Exposed cohort representative of The study included patients Monthly blood cultures for [33]
al. (1992) community with CD4 cell counts fungemia for all cases and controls
from which cases arose <68 cells/mm3 and no prior Follow-up was 1 year for both
Nonexposed cohort drawn from historical fungal infection for both groups, long enough for outcomes
reference group cases and controls to occur
Ascertainment of prior exposure obtained Not mentioned if analysis was All subjects were accounted for in
by done to ensure comparability the exposure and control groups
checking a clinic database for both cases
and
controls
Demonstration that outcome of interest
was
not present at the start of the study for
both
cases and controls
Newton et al Retrospective cohort study, cases and Pharmacy and clinical records Since data were collected without [35]
(1995) controls seen during the same period (July ~ were reviewed to include the study in mind, it is not clear if
1988 up to January 1993), somewhat only those with CD4 Cell accurate data on the outcome were
representative of community counts <100 cells/mm3 and captured for all the patients
Exposure ascertained by review of those who received/did not Follow-up was long enough for
pharmacy receive fluconazole for at least outcome to occur
and clinical records 3 months
Could not demonstrate if outcome of No control for confounding
interest factors in the analysis
was not present at the start of the study for
both cases and controls
Manfredi etal.  Exposed group was representative Inclusion criteria were CD4 Cell ~ Assessment of outcome was not [36]
(1997) Nonexposed group drawn from historical counts <200 cells/mm3 and no performed by independent blind

reference group

Ascertainment for prior exposure obtained
by clinic database checking by two
independent persons

Not clear how it was established that there
was no prior fungal infection

prior systemic fungal disease
or antifungal prophylaxis

Not mentioned if analysis was
performed to ensure
comparability

assessment as patients had to be
referred to the study hospital only
on

suspicion by primary care
physicians

Follow-up was adequate for
outcome in both cases and controls
No comment on losses to follow-

up
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Table 5

Quality assessment of the case-control studies.

Page 23

controls came
from the same
study base

of

AIDS-defining event, CD4 cell count, date
of CD4

testing

Inclusion required: documented HIV
infection,

follow-up of 1 year before matching
Conditional logistic regression was used to
adjust

for unmatched confounders

Study Same study Control for confounding Comparable accuracy Ref.
(year) base
comparisons?
Canteyet al. (2005) Not clear if cases  Matched on CD4 category Not clear if the same tests were [30]
and controls Conditional logistic regression during performed to
came from the analysis establish diagnosis for the cases and
same study base controls
Unable to collect complete data on the
dose
and duration of antifungal treatment prior
to
study recruitment
Kris et al. (1999) Cases and Matched based on year of enrollment and Diagnosis of CCM required positive tests  [31]
controls came length for
from the same of follow-up the cases
study base Inclusion required CD4 cell count <250 Any control complaining of features
cells/mm3 similar to
for both cases and controls cryptococcal meningitis had lumbar
Conditional logistic regression was used for ~ puncture
other and tests on CSF performed to rule out
confounders during analysis fungal infection
Quagliarello Cases and Matched according to age, sex and time of Patient eligibility was determined [32]
et al. (1995) controls came lumbar without
from the same puncture knowledge of drug history
study base Inclusion required: CD4 <250 cells/mm3, Similar tests were conducted for both
lumbar cases
puncture and CSF culture, follow-up of 6 and controls (CD4 cell count, lumbar
months puncture and CSF tests)
before lumbar puncture
Conditional logistic regression was done to
adjust
for unmatched confounders
Ammassariet al. (1995) Cases and Matched according to presence or absence For cases, diagnosis of cryptococcal [34]

meningitis required positive CSF cultures
and

CRAG tests

Exposure to fluconazole (dose, duration)
for

both cases and controls was established
by

checking prescriptions in the patient
clinical

records

CCM: Cryptococcal meningitis; CRAG: Cryptococcal antigen; CSF: Cerebrospinal fluid.
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