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prophylaxis seems imperative for HIV-infected persons
with cryptococcal antigenemia who have CD4+ T cell
counts< 200 cells/μL.
Our results have demonstrated that, in persons with

CD4+ T cell count< 200 cells/μL, the risk ratio of CM
events among those who received placebo or no inter-
vention was significant higher than those who received
antifungal therapy, suggesting that antifungal prophy-
laxis significantly reduce the risk of CM events in CrAg+
persons with a higher CD4+ T-cell counts. However, the
very limited data among persons with CD4+ T cell
counts between 101 ~ 200 cells/μL restricted our cap-
acity to investigate it further. Thus, more specific data
are needed to demonstrate the benefit of antifungal
treatment in HIV-infected persons with CD4+ T cell
counts between 100 and 200 cells/μL, and warrants fur-
ther investigation.
No significant difference in all-cause mortality was

found in our meta-analysis among CrAg+ persons who re-
ceived pre-emptive antifungal therapy versus placebo or
no intervention. This is a somewhat surprising outcome,
and the reason of this may be associated with the discrep-
ant sample sizes in these two groups (396 vs. 1092).
We considered the following possible reasons for clin-

ical and methodological heterogeneity: discrepancies in
follow-up time for reporting CM events and death

events, variations in drug dosing, regimens, or drug class
of prescribed antifungal therapy, ART status of subjects,
and risk of bias. For example, the study durations ranged
from104 weeks to 6 years, and the dosing of azole anti-
fungal treatments ranged from 100mg/d to 900 mg/d.
With regards to reporting bias, it is possible that the un-
formed funnel plot for all-cause mortality could be a
consequence of the varied ART status of study partici-
pants, different dosage regimens and duration of treat-
ment and the different follow-up periods in each of the
individual studies.
There are some limitations in our study. Firstly, the

data supporting the association between prevalence of
CrAg positivity and occurrence of adverse outcomes in
HIV-infected persons with CD4+ T-cell counts between
100 and 200 cells cells/μL is sparse. Secondly, there ex-
ists a paucity of new data regarding CrAg positivity
prevalence, CM incidence, and all-cause mortality in
HIV-infected persons with CD4+ T-cell counts< 200
cells/μL since 2015 [27], and our pooled outcome ana-
lyses relied heavily on older studies, which may be less
applicable to the modern test-and-treat era. And thirdly,
the dosage and durations of azole therapy was not
assessed in our meta-analysis. The preceding limitations
may contribute to the clinical and methodological het-
erogeneity in our study.

Fig. 3 Forest plots of incidence of CM among CrAg + persons receiving azole vs. no intervention or placebo. Abbreviations: M-H, Mantel
Haenszel; CI, confidence interval. (“Azole inter” means “Azole drug intervention”, “No inter or plac” mean “No intervention or placebo”)

Fig. 4 Forest plots of all-cause mortality among CrAg + persons receiving azole vs. no intervention or placebo. Abbreviations: M-H, Mantel
Haenszel; CI, confidence interval. (“Azole inter” means “Azole drug intervention”, “No inter or plac” mean “No intervention or placebo”)
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Conclusions
In our meta-analysis, the incidence of CM was signifi-
cantly reduced by pre-emptive antifungal therapy in
CrAg+ persons with CD4+ T cell counts< 200 cells/μL.
Nevertheless, more specific intervention data are needed
in persons with CD4+ T cell counts between 101 ~ 200
cells/μL to better clarify the benefit of CrAg screening
and pre-emptive antifungal treating in CrAg- persons
with CD4+ T cell counts< 200 cells/μL more clear.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12879-020-05126-z.

Additional file 1: Figure S1. Incidence of CM and all-cause mortality
among CrAg+ persons with and without antifungal therapy, (a) Incidence
of CM among CrAg+ persons; (b) all-cause mortality among CrAg+ per-
sons; (c) Incidence of CM among persons with antifungal therapy and
without antifungal therapy (d); (e) all-cause mortality among persons with
antifungal therapy and without antifungal therapy (f). Figure S2. Funnel
plots. Funnel plots of the incidence of CM and all-cause mortality among
patients with CD4 < 200 cells/μL. Table S1. Quality assessment of 8 in-
cluded studies by using the JBI Critical Appraisal Checklist for Cohort
Studies. Table S2. Risk of bias of the 1 included RCT.

Abbreviations
CrAg: Cryptococcal antigen; HIV: Human immunodeficiency virus;
CrAg+: CrAg positive; RCTs: Randomized controlled studies; RR: Risk ratio;
95%CI: Confidence interval; CrAg-: CrAg negative; CM: Cryptococcal
meningitis; ART: Antiretroviral therapy; WHO: World Health Organization;
PROSPERO: Prospective Register of Systematic Reviews (PROSPERO)

Acknowledgements
Thanks to all authors for their contributions to this manuscript. We wish to
thank Vijay Harypursat of Chongqing Public Health Medical Center for his
help in language improvement to this manuscript.

Authors’ contributions
YL, XJH, HW, XFY and YKC conceived and designed the study. YL, YYQ, JHH
and AXL identified studies to be screened. XJH and HC identified studies for
eligibility, extracted data, and assessed the methodological quality of
included studies. YL performed the data analysis with assistance from XJH,
and YKC. All authors read and approved the final manuscript.

Funding
This work was supported by the National Science and Technology Major
Project of China during the 13th Five-year Plan Period (2018ZX10302104,
2017ZX10201101), key project of joint medical research project of science
and health in Chongqing in 2019 (2019ZDXM012), Major Project of Beijing
Municipal Science and Technology Committee (D161100000416003,
D171100000517003).

Availability of data and materials
All the data and materials are available from Pubmed, Cochrane Library,
MEDLINE/EMBASE and Web of Science.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors declare that this research was conducted in the absence of any
commercial or financial relationships that could be construed as potential
conflicts of interest.

Author details
1Division of infectious Diseases, Chongqing Public Health Medical Center,
109 Baoyu Road, Shapingba District, Chongqing 400036, China. 2Center for
Infectious Diseases, Beijing Youan Hospital, Capital Medical University, Beijing,
China. 3School of Biomedical Engineering, Capital Medical University, Beijing,
China. 4Section of Medical Affairs Administration, Chongqing Public Health
Medical Center, Chongqing, China.

Received: 5 September 2019 Accepted: 28 May 2020

References
1. Govender NP, Roy M, Mendes JF, Zulu TG, Chiller TM, Karstaedt AS.

Evaluation of screening and treatment of cryptococcal antigenaemia
among HIV-infected persons in Soweto, South Africa. HIV Med. 2015;16(8):
468–76.

2. Longley N, Jarvis JN, Meintjes G, Boulle A, Cross A, Kelly N, et al.
Cryptococcal antigen screening in persons initiating ART in South Africa: a
prospective cohort study. Clin Infect Dis. 2016;62(5):581–7.

3. Rajasingham R, Smith RM, Park BJ, Jarvis JN, Govender NP, Chiller TM, et al.
Global burden of disease of HIV-associated cryptococcal meningitis: an
updated analysis. Lancet Infect Dis. 2017;17(8):873–81.

4. French N, Gray K, Watera C, Nakiyingi J, Lugada E, Moore M, et al.
Cryptococcal infection in a cohort of HIV-1-infected Ugandan adults. AIDS.
2002;16(7):1031–8.

5. Larson BA, Rockers PC, Bonawitz R, Sriruttan C, Glencross DK, Cassim N, et al.
Screening HIV-infected persons with low CD4 counts for cryptococcal
antigenemia prior to initiation of antiretroviral therapy: cost effectiveness of
alternative screening strategies in South Africa. PLoS One. 2016;11(7):
e0158986.

6. Awotiwon AA, Johnson S, Rutherford GW, Meintjes G, Eshun-Wilson I.
Primary antifungal prophylaxis for cryptococcal disease in HIV-positive
people. Cochrane Database Syst Rev. 2018;2018(8):CD004773.

7. Jarvis JN, Meintjes G, Williams A, Brown Y, Crede T, Harrison TS. Adult
meningitis in a setting of high HIV and TB prevalence: findings from 4961
suspected cases. BMC Infect Dis. 2010;10:67.

8. Sathyanarayanan V, Razak A, Chakraborty J. Clinical profile of disseminated
cryptococcal infection – a case series. Asian Pacific Trop Med. 2010;3:818–20.

9. Kaplan JE, Vallabhaneni S, Smith RM, Chideya-chihota S, Chehab J, Park B.
Cryptococcal antigen screening and early antifungal treatment to prevent
cryptococcal meningitis: a review of the literature. J Acquir Immune Defic
Syndr. 2015;68(Suppl 3):331–9.

10. Beyene T, Woldeamanuel Y, Asrat D, Ayana G, Boulware DR. Comparison of
cryptococcal antigenemia between antiretroviral naïve and antiretroviral
experienced HIV positive persons at two hospitals in Ethiopia. PLoS One.
2013;8(10):e75585.

11. Jarvis JN, Lawn SD, Vogt M, Bangani N, Wood R, Harrison TS. Screening for
cryptococcal antigenemia in persons accessing an antiretroviral treatment
program in South Africa. Clin Infect Dis. 2009;48(7):856–62.

12. Meya D, Rajasingham R, Nalintya E, Tenforde M, Jarvis JN. Preventing
cryptococcosis shifting the paradigm in the era of highly active
antiretroviral therapy. Curr Trop Med Rep. 2015;2(2):81–9.

13. World Health Organization. Guidelines for the diagnosis, prevention and
management of Cryptococcal disease in HIV-infected adults, adolescents
and children. 2018. http://www.who.int/hiv/pub/guidelines/cryptococcal-
disease/en/. Accessed 30 Mar 2018.

14. The Joanna Briggs Institute. Joanna Briggs institute reviewers’ manual: 2016
edition. Australia: The Joanna Briggs Institute; 2016.

15. Higgins JP, Altman DG, Gotzsche PC, Jüni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.

16. Temfack E, Bigna JJ, Luma HN, Spijker R, Meintjes G, Jarvis JN, et al. Impact
of routine cryptococcal antigen screening and targeted pre-emptive
fluconazole therapy in antiretroviral naive HIV-infected adults with less than
100 CD4 cells/μL: a systematic review and meta-analysis. Clin Infect Dis.
2018. https://doi.org/10.1093/cid/ciy567.

17. Huang Y, Huang X, Luo Y, Zhou Y, Tao X, Chen H, et al. Assessing the
efficacy of lopinavir/ritonavir-based preferred and alternative second-line
regimens in HIV-infected persons: a meta-analysis of key evidence to
support WHO recommendations. Front Pharmacol. 2018;9:890.

Li et al. BMC Infectious Diseases          (2020) 20:410 Page 10 of 11

https://doi.org/10.1186/s12879-020-05126-z
https://doi.org/10.1186/s12879-020-05126-z
http://www.who.int/hiv/pub/guidelines/cryptococcal-disease/en/
http://www.who.int/hiv/pub/guidelines/cryptococcal-disease/en/
https://doi.org/10.1093/cid/ciy567

