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Backgrounds: This study aimed to investigate the prevalence of cryptococcaemia in HIV
infected patients with CD4 counts of <100 cells/mm? in a tertiary care hospital.
Materials & Methods: The present cross sectional study was conducted at the Sri Guru
Ram Das Institute of Health Sciences and Research, India, as a tertiary care hospital. All
HIV infected patients with CD4 counts of <100 cells/mm?, referring to the hospital during
May 2020 to May 2021 were enrolled in this study. Blood samples taken from patients were
processed for wet mounting, negative staining with India ink, gram staining, fungal culture,
and cryptococcal antigen (CrAg) lateral flow assay (LFA). Statistical analysis was done using
SPSS software Version 20.0 (SPSS Inc. Chicago, IL, USA) by employing Chi-square and Fisher’s
exact tests to compare categorical variables.

Findings: Out of 100 patients enrolled, 28 (28%) cases had CD4 counts below 50, while 72
(84.7%) patients had CD4 counts in the range of 51-100. Also, 55 patients (55%) received
antiretroviral therapy (ART), and 45 (45%) cases were ART naive. About 56% of patients
had no opportunistic infections, and 37% had pulmonary tuberculosis. Three samples
were positive in LFA, showing a prevalence of 3%, while only one of the culture samples
was positive for Cryptococcus species. However, low CD4 count was found to be strongly
correlated with positive serum cryptococcal antigenemia.

Conclusion: The present study reveals that cryptococcal antigenemia is a health problem,
and that cryptococcal antigen screening and treatment policy recommended by WHO should
be performed routinely for HIV patients registered in ART centres in the current setting,
especially for those who are ART naive and have CD4 counts of <100 cells/mm?.
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Cryptococcaemia In Hiv Infected Patients ...

Introduction

According to a report released by the United
Nations Programme on AIDS (UNAIDS) in
2019, 37.5 million persons worldwide were
living with HIV in 2018. In the same year,
around 1.8 million people were newly infected
with AIDS,and about 700,000 people died due
to AIDS-related illnesses around the world ™.
Cryptococcosis is a common opportunistic
illness in persons with advanced AIDS and
a weakened cellular immune system, which
significantly contributes to AIDS-related
mortality worldwide [?. Despite the increased
availability of antiretroviral therapy (ART),
cryptococcal illness remains as the top cause
of death among HIV-positive patients in
resource-constrained settings 1.

There are still many HIV-positive patients
diagnosed with late presentation of
cryptococcal infection and severe HIV illness
[6.7], Cryptococcus neoformans and C. gattii are
the most common causes of opportunistic
infections in these patients. C. neoformans
is an encapsulated yeast found in pigeon
droppings, which could cause mild to severe
illnesses such as meningitis or disseminated
disease in people with weakened immune
systems. The yeast exhibits a variety of
virulence factors that cause infection.
Tolerance to mammalian body temperature
of 37 °C, a polysaccharide capsule that
protects the yeast from phagocytosis, and a
thick cell wall containing phenolic melanin
that protects the yeast from oxidation are
just a few of them.

The total number of individuals living
with HIV (PLHIV) in India in 2015 was
around 21.5 lakhs (17.11-26.49 lakhs) [8].
Cryptococcal meningitis (CM) is the third
most common opportunistic infection in HIV
affected patients ! and one of the leading
causes of death in resource-poor nations %
121, High incidence of cryptococcaemia and
mortality could be reduced by starting ART.
Thus, to decrease the mortality rate related
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to cryptococcosis in HIV positive patients, it
is necessary to detect Cryptococcus at early
stages of infection. In HIV positive patients,
cryptococcal antigen (CrAg) is used as an
early biomarker for detecting disseminated
disease. It could be detected 250 days before
the onset of meningitis symptoms °. The
presence of CrAg in the serum is an indicator
of high probability of disease progression to
CM in a year [*3. Serum CrAg is detected by
the rapid test kit, yielding high-sensitivity
and -specificity results [1416],

However, the question that whether it is
cost-effective in resource-limited settings to
routinely perform this rapid test for all HIV
positive patients with decreased CD4 count
remains as a problem (3%) ™. According to
WHO guidelines, early initiation of ART is the
most important preventive strategy to lower
down the incidence of cryptococcal infection
(20 However, in some recent studies, it has
been suggested that screening is cost-effective
in environments where the prevalence of
cryptococcal infection is higher than 0.6% [1*
1719211 There is a lack of literature discussing
about the prevalence of cryptococcal
antigenemia in India. Therefore, it is important
to detect the prevalence of cryptococcaemia
in the present setting, and there is a need for
routine CrAg screening of all patients.
Objectives: This study was conducted to
determine the prevalence of cryptococcaemia
in HIV positive patients in India.

Materials and Methods

This cross-sectional study was conducted
with a sample size of 100 patients in the
Department of Microbiology of Sri Guru
Ram Das Institute of Health Sciences,
Amritsar, India, as a tertiary level teaching
hospital after obtaining institutional review
board permission. All HIV positive patients
referring to the hospital for routine CD4
testing during May 2020 to May 2021 were
enrolled for participation in this study. A
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written informed consent was taken from
all participants with CD4 counts of <100
cells/mm?3. All patients receiving primary
prophylaxis for cryptococcosis or having
a past history or current cryptococcal
infection were excluded from the study as
the aim of this study was to find out the
prevalence of cryptococcaemia by removing
all confounding factors.

A detailed clinical history, consisting of
complaints, personal history, HIV serotype (HIV
[/11), type of antiretroviral therapy, CD4 count,
and opportunistic infections, if any, was taken
from all patients. Blood samples were then
processed for fungal culture after preliminary
microscopic examinations, composing of wet
mount, negative staining with India ink, and
gram staining. The cultures were then visually
examined daily for fungal growth.

Any growth noticed was stained to observe
yeast cell morphology and sub-cultured onto
appropriate media for identification. On gram
staining, round budding yeast cells appeared
gram-positive. The colony morphology was
noted. Cryptococcus species was identified
based on yeast-like mucoid colony on SDA
(sabouraud dextrose agar) and urease test
B7), One of the culture samples was positive.
The IMMY CrAg LFA kit (Immuno-Mycologics,
Inc., Norman, OK) is a dipstick method which
employs sandwich Immunochromatography
to detect the antigen.

Findings

The mean age of 100 HIV-infected patients
included in this study was 36.3 years. The
majority of patients (76%) were in the age
group of 21-40 years. Except for 16 patients
who were asymptomatic, 84 patients (84%)
had some symptoms. Fever was the most
common symptom among patients (72%).
Out of 100 patients, 28 (28%) cases had CD4
counts below 50, while 72 (72%) patients
had CD4 counts in the range of 51-100. The
median CD4 count was 68.
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A total of 3 out of 100 serum samples
tested were positive in LFA test, showing
a prevalence of 3% in HIV seropositive
patients with CD4 counts of <100 cells/uL.
One of the 100 samples in fungal culture was
positive for cryptococci, and no other fungal
elements were appreciated on microscopy in
any of the 100 samples. All patients positive
for serum cryptococcal antigen were in the
age group of 21-40 years. No statistically
significant association was found between
age and serum cryptococcal antigenemia.
Two patients with CD4 counts of <50 cells/
uL and one patient with a CD4 count in the
range of 51-100 cells/uL were positive for
serum cryptococcal antigen. A total of 3
out of 45 cases (6.67%) in the ART naive
group were positive for serum cryptococcal
antigen. Serum cryptococcal antigenemia
was not detected in the ART-receiving group.
All 3 patients positive for serum cryptococcal
antigen were positive for HIV-1 antibodies.

Discussion

Cryptococcal Meningitis (CM) is a late man-
ifestation of the disseminated form of cryp-
tococcal infection, which causes significant
morbidity and mortality in HIV-infected indi-
viduals ® 19 Severely immunocompromised
HIV-infected individuals with a CD4+T-lym-
phocyte (CD4) count of <100 cells/mL are
at higher risk of developing meningitis 1%,
Treatment in resource-limited settings is
usually difficult and requires expensive intra-
venous antifungal treatment and monitoring.
Patients who survive usually suffer from long-
term severe neurological deficits owing to
uncontrolled increased intracranial pressure
as the disease progresses 2. Therefore, early
detection of cryptococcal infection through
routine screening of cryptococcal antigene-
mia is of primary importance. The prevalence
of serum CrAg in patients with advanced HIV
infection in Southeast Asian countries varies
from 3-18% (2> 24, In the present study, the
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prevalence of cryptococcal antigenemia was
3.67%. The difference in the prevalence rate
may be due to seasonal variations or variable
intensity of the presence of Cryptococcus in
local environments.

Inhalation of spores or dehydrated yeast cells
from the environment causes Cryptococcus
infection. Spores are then deposited in the
alveoli, causing an infection that is either
eliminated ormanaged by astrongcell-mediated
immune response, resulting in a dormant latent
infection. As a result of which, granuloma
develops in the hilar lymph nodes and lungs.
The fungus could migrate from the lungs to the
central nervous system in vulnerable people
and cause meningoencephalitis, which is lethal
if left untreated.

C. neoformans must survive when reaching
the circulatory system in order to spread. The
macrophage could be used as a vehicle for the
virus transmission and dissemination within
the host. It subsequently passes through the
blood-brain barrier (BBB), which is most likely
mediated via transcytosis, there is evidence
that the fungal capsule is also involved in
this process . Macrophages may play a key
role in C. neoformans crossing the BBB via
the “Trojan horse” mechanism, which has
been shown in vitro to activate macrophage
phagosomal extrusion and is a putative escape
route allowing infection to spread further.
At present, the WHO recommends CrAg
screening in ART naive individuals with CD4
counts below 100 cells/uL 9. In the present
study, 108 cases received ART, and 48 cases
(28%) were ART naive. However, all four cases
positive for serum cryptococcal antigenemia
were ART naive, and the difference was
found to be statistically significant (p=.01).
The prevalence of serum CrAg in ART naive
patients was 9.52%, which is much higher
than the 3% recommended by WHO [0,
Therefore, CrAg screening may be considered
for patients in the present setting, especially
for ART naive patients with lowered CD4
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counts on a priority basis as it has been
shown to reduce the mortality and morbidity
in patients and is also cost-effective. Recent
studies have shown that screening is cost-
effective even with a low prevalence of 0.6%
(211, Since the total prevalence found in the
present study was 3.0%, routine screening of
all patients regardless of ART status might be
considered later.

Regarding the possible risk factors of
cryptococcal antigenemia, body mass index of
less than 18.5 kg/m?, CD4 count of < 100 cells,
patients with a history of headache or neck
stiffness, and male gender are considered
as important risk factors of cryptococcal
meningitis, which could be utilized for public
health welfare. Several studies have reported
similar findings *®.. Thomsen et al. (2018)
reported that headache and fever were
predictors of a positive CrAg test 271,
Ocular involvement in the form of visual
changes is observed in nearly one-third
of HIV-infected patients. It could occur
in the form of oculomotor palsies, retinal
haemorrhages, and ophthalmitis. Yeasts
infiltration into the optic nerve and increased
intracranial pressure could cause blindness
in these patients. This permanent blindness
is associated with decreased vision in the
first week of hospitalization 28],

In HIV-positive people with CM, elevated
intracranial pressure (ICP) is a common
consequence. The aetiology of elevated ICP in
CM patients is unknown, butitis thoughtto be
caused by a number of convergent variables.
One of the causes of ICP is outflow pathway
obstruction caused by the aggregation of
fungal polysaccharide in arachnoid villi and
subarachnoid spaces, which blocks the routes
of CSF (cerebrospinal fluid) drainage. This
image fits the description of communicative
hydrocephalus. Other major factors could be
cerebral oedema caused by cytokine-driven
inflammation as well as the impact of an
osmotic stress created by fungal mannitol [#].
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At present, culture is considered as the gold
standard method for diagnosing infections,
and its associated problems include poor
sensitivity and the need for a large number
of specimens and laboratory infrastructures
3%, Studies have shown that blood culture
sensitivity in detecting cryptococcal
meningitis is 49-72% 4. Blood culture was
used in this study to detect the presence
of Cryptococcus in the study population.
However, none of the blood cultures in the
present study were positive for Cryptococcus,
except for one sample, thereby limiting its
use for routine Cryptococcus screening.
The lateral flow assay (LFA) used in the
current study is operator friendly. In resource
limited settings, LFA is widely accessible
as it does not require refrigeration of test
materials, cold chain transport, or any other
specimen pre-treatment. The median age of
patients registered in the present study was
33 years (ranging from 21-66 years). In HIV
positive individuals, the rate of hospitalisation
per million in total population peaks in the
age range of 31-40 years 2. The present
study also revealed that the age group of 21-
40 years was the most commonly affected
age group, though not significantly, which
might be due to more exposure and outdoor
activities rather than susceptibility in this age
group as observed earlier 33,

There was a significant association between
CD4 count of <50 cells/uL. and serum
cryptococcal antigenemia (p <.05) in the
present study. Out of 100 cases included in
the present study, HIV-1 serotype was found
in 93 cases (93%) and HIV-2 serotype in
only seven cases (7%). All the three cases
found to be positive for serum cryptococcal
antigen were also found to be positive for
HIV-1 antibodies; nonetheless, no significant
statistical association was found between
cryptococcal antigenemia and HIV serotype.
This study subjects were severely immune-
deficient and more vulnerable to AIDS
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related diseases and other opportunistic
infections. The symptoms were observed in
84 out of 100 patients in the present study.
In this study, a significant association was
detected between headache and positive
cryptococcal antigenemia (p=.01). Micol
et al. (2010) also reported this significant
association but stated that headache must
not be considered as a specific symptom
for cryptococcal meningitis 4. These
findings suggest that symptoms should not
be considered as the sole indicators for the
identification of patients with cryptococcal
antigenemia, and that systematic screening
mightyield better results. Tuberculosis is the
manifestation of AIDS in more than 50% of
cases in developing nations 3°., In the current
study, 37% of patients had tuberculosis. Also,
2 out of 3 cases had concurrent cryptococcal
antigenemia and tuberculosis in the present
study (66.67%). The present study findings
are consistent with those of Pongsai et al.
(2010) 7 and Andama et al. (2013) ¢l
These findings suggest that in a developing
country like ours, tuberculosis still remains
as the most common co-infection in PLHIV.
In a review study by Derbie et al. (2020), a
total of 8338 HIV positive individuals were
reported in 22 studies conducted in ten
different countries during 2007-2018. Most
articles reported the mean CD4 count of
participants below 100 cells/uL. The pooled
prevalence of cryptococcal antigenemia
in patients with different CD4 counts
and ART status was 8% (95%CI: 6-10%)
(ranging from 1.7 to 33%). Body mass index
(BMI) <18.5kg/m? CD4 count <100 cells,
headache, and male gender were reported by
two or more articles as important predictors
of cryptococcal antigenemia 7.,

InanotherstudybyImwidthayaand Poungvarin
(2000) in Thailand, C. neoformans strains
isolated from each patient (17 females and
70 males) with cryptococcal meningitis were
cultured. The age ranges of patients were

Winter 2022, Volume 8, Issue 1



Cryptococcaemia In Hiv Infected Patients ...

17-70 years (mean=30.8, SD=13.8) in females
and 14-60 years (mean=32.4, SD=8.5) in
males. HIV infection was the underlying
disease in all patients. The risk of exposure
to HIV infection was heterosexual contact for
all patients, except for one case (a 14-year-
old boy). CD4 lymphocyte counts for female
and male patients ranged from 9-205 cells/
mm? (mean= 59.0, SD=73.4) and 4-212 cells/
mm?® (mean=41.8, SD=50.8), respectively (.

control

B positive tes!

Figure 1) Positive LFA test with positive and negative
controls

.

Figure 2) Sabouraud dextrose agar showing cryptococcal
growth
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Limitation

In the present study, cryptococcal antigen
titter was not performed, and no selective
culture media were used. A prospective
study is required to know these parameters.

Conclusion

The current study reveals that cryptococcal
antigenemia is a public health issue, and
that the WHO-recommended cryptococcal
antigen screening and treatment policy
should be routinely performed for HIV
positive patients registered in ART centres
in the current setting, particularly for those
who are ART naive and have CD4 counts of
less than 100 cells/mm? measured by rapid
point-of-care assays.

Acknowledgements: None.

Ethical Permissions: Study approved by
Institutional Ethical Committee.

Conflicts of interest: There are no conflicts
of Interest.

Authors Contribution: Conceptualization:
PK; data curation: PK; formal analysis: PK,
JK; funding acquistion: NA; Investigation: PK;
methodology: PK, JK; Project administration:
PK, JK; resources: JK; software: JK;
supervision: PK; writing of the original draft
: PK, JK; wriitng -review and editing :PK.
Fundings:None.

Consent to participate: Written informed
consents were obtained from all participants.

References

1. UNAIDS data 2019. [cited 4 March 2020];
Available from: https://www. unaids.org/sites/
default/files/media_asset/2019-UNAIDS-data_
en.pdf.

2. World Health Organization. Guidelines for the
diagnosis, prevention, and management of
cryptococcal disease in HIV-infected adults,
adolescents, and children: Supplement to the
2016 consolidated guidelines on the use of
antiretroviral drugs for treating and preventing
HIV infection. World Health Organization, 2018.

3. Meyer AC, Jacobson M. Asymptomatic
cryptococcemia in resource-limited settings.

Winter 2022, Volume 8, Issue 1



59

10.

11.

12.

13.

14.

15.

Curr HIV/AIDS Rep. 2013;10(3):254-63.
Lawrence DS, Boyer-Chammard T, Jarvis
JN. Emerging concepts in HIV-associated
cryptococcal meningitis. Curr Opin Infect Dis.
2019;32(1):16-23.

Park BJ], Wannemuehler KA, Marston B]J,
Govender N, Pappas PG, Chiller TM. Estimation
of the current global burden of cryptococcal
meningitis among persons living with HIV/AIDS.
Aids. 2009;23(4):525-30.

Rajasingham R, Meya DB, Boulware DR.
Integrating cryptococcal antigen screening and
pre-emptive treatment into routine HIV care. ]
Acquir Immune Defic Syndr. 2012:59(5):85-91.
Uptodate. Microbiology and epidemiology of
Cryptococcus neoformans infection. 2018 17 Ju
2018 [cited 2018 15 Dec]; Available from: https://
WWW. uptodate.com/contents/microbiology-
and-epidemiology-of-cryptococcusneoformans-
infection.

India HIV estimations 2015. Technical Report.
NACO & National Institute of Medical Statistics,
ICMR. Ministry of Health & Family Welfare,
Government of India, New Delhi. Available from:
http://www.naco.gov.in, accessed on December
17; 2016.

Louie JK, Chi NH, Thao le TT, Quang VM, Campbell
J, Chau NVV, et al. Opportunistic infections in
hospitalized HIV-infected adults in Ho Chi Minh
City, Vietnam: A cross sectional study. Int ] STD
AIDS. 2004;15(11):758-61.

French N, Gray K, Watera C, Nakiyingi ], Lugada
E, Moore M, et al. Cryptococcal infection in a
cohort of HIV-1-infected Ugandan adults. Aids.
2002;16(7):1031-8.
JongwutiwesU,KiertiburanakulS,Sungkanuparph
S. Impact of antiretroviral therapy on the relapse
of cryptococcosis and survival of HIV-infected
patients with cryptococcal infection. Curr HIV
Res. 2007;5(3):355-60.

Micol R, Lortholary O, Sar B, Laureillard D, Ngeth
C, Dousset JP, et al. Prevalence, determinants
of positivity, and clinical utility of cryptococcal
antigenemia in Cambodian HIV-infected patients.
] Acquir Immune Defic Syndr. 2007;45(5):555-9.
Jarvis JN, Lawn SD, Vogt M, Bangani N, Wood
R, Harrison TS. Screening for cryptococcal
antigenemia in  patients accessing an
antiretroviral treatment program in South Africa.
Clin Infect Dis. 2009;48(7):856-62.
Temstet A, Roux P, Poirot JL, Ronin O, Dromer
F. Evaluation of a monoclonal antibody-based
latex agglutination test for the diagnosis of
cryptococcosis: Comparison with two tests
using polyclonal antibodies. J Clin Microbiol.
1992;30(10):2544-50.

Lara-Peredo O, Cuevas LE, French N, Barley

Infection Epidemiology and Microbiology

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kaur P. & Kaur J.

JW, Smith DH. Cryptococcal infection in an
HIV-positive Ugandan population. ] Infect.
2000;41(2):195-9.

Imwidthaya P, Poungvarin N. Cryptococcosis in
AIDS. Postgrad Med J. 2000;76(892):85-8.
Pongsai P, Atamasirikul K, Sungkanuparph S. The
role of serum cryptococcal antigen screening
for the early diagnosis of cryptococcosis in HIV-
infected patients with different ranges of CD4 cell
counts. | Infect. 2010;60(6):474-7.

Meya D, Manabe YC, Castelnuovo B, Cook BA,
Elbireer AM, Kambugu A, et al. Cost-effectiveness
of serum cryptococcal antigen screening to
prevent deaths among HIV-infected persons
with a CD4+ cells count <100 cells/puL who start
HIVtherapy in resource-limited settings. Clin
Infect Dis. 2010;51(4):448-55.

Liechty CA, Solberg P, Were W, Ekwaru JP,
Ransom RL, Weidle PJ, et al. Asymptomatic serum
cryptococcal antigenemia and early mortality
during antiretroviral therapy in rural Uganda.
Trop Med Int Health. 2007;12(8):929-35.
World Health Organization. Rapid advice:
Diagnosis, prevention, and management of
cryptococcal disease in HIV-infected adults,
adolescents, and children. Geneva: World Health
Organization, 2011.

Ganiem AR, Indrati AR, Wisaksana R, Meijerink H,
van den Ven A, Alisjahbana B, et al. Asymptomatic
cryptococcal antigenemia is associated with
mortality among HIV-positive patients in
Indonesia. J Int AIDS Soc. 2014;17(1):18821.
Shoham S, Cover C, Donegan N, Fulnecky E,
Kumar P. Cryptococcus neoformans meningitis
at 2 hospitals in Washington, DC: Adherence
of health care providers to published practice
guidelines for the management of cryptococcal
disease. Clin Infect Dis. 2005;40(3):477-9.
Manga NM, Cisse-Diallo VM, Dia-Badiane NM,
Diop-Nyafouna SA, Yengo DE, Ndour CT, et al.
Prevalence and factors associated with positive
cryptococcal antigenemia among HIV infected
adult hospitalized in Senegal. ] HIV Retrovirus.
2016;2(2).

Oyella ], Meya D, Bajunirwe F, Kamya MR.

Prevalence and factors associated with
cryptococcal antigenemia among severely
immunosuppressed HIV-infected adults in

Uganda: A cross-sectional study. ] Int AIDS Soc.
2012;15(2):18003.

Oladele RO, Akanmu AS, Nwosu AO, Ogunsola
FT, Richardson MD, Denning DW. Cryptococcal
antigenemia in Nigerian patients with advanced
human immunodeficiency virus: Influence of
antiretroviral therapy adherence. In Open Forum
Infectious Diseases. Oxford University Press,
2016;3(2):w055.

Winter 2022, Volume 8, Issue 1



Cryptococcaemia In Hiv Infected Patients ...

26.

27.

28.

29.

30.

31.

32.

Chen SHM, Stins MF, Huang SH, Chen YH, Kwon-
ChungK], ChangY, etal. Cryptococcus neoformans
induces alterations in the cytoskeleton of human
brain microvascular endothelial cells. ] Med
Microbiol. 2003;52(11):961-70.

Ford N, Shubber Z, Jarvis JN, Chiller T, Greene
G, Migone C, et al. CD4 cell count threshold
for cryptococcal antigen screening of HIV-
infected individuals: A systematic review
and meta-analysis. Clin Infect Dis, 2018.
66(suppl_2):S152-9.

Thomsen D, Hviid CJ, Honge BL, Medina C, Te DDS,
Correira FG, et al. Increased mortality among HIV
infected patients with cryptococcal antigenemia
in Guinea-Bissau. Pan Afr Med J. 2018;29:18.
Duggan ], Walls HM. Ocular complications of
cryptococcal meningitis in patients with HIV:
Report of two cases and review of the literature. |
Int Assoc Physicians AIDS Care. 2012;11(1):283-8.
Denning DW, Armstrong RW, Lewis BH, Stevens
DA. Elevated cerebrospinal fluid pressures
in patients with cryptococcal meningitis and
acquired immunodeficiency syndrome. Am ]
Med. 1991;91(3):267- 72.

Lindsley MD, Mekha N, Baggett HC, Surinthong Y,
Autthateinchai R, Sawatwong P, et al. Evaluation
of a newly developed lateral flow immunoassay
for the diagnosis of cryptococcosis. Clin Infect
Dis. 2011;53(4):321-5.

Dromer F Mathoulin-Pélissier S, Launay O,
Lortholary O, French Cryptococcosis Study

Infection Epidemiology and Microbiology

33.

34.

35.

36.

37.

38.

39.

60

Group. Determinants of disease presentation and
outcome during cryptococcosis: The CryptoA/D
study. PLoS Med. 2007;4(2):e21.

Naka W, Masuda M, Konohana A, Shinoda T,
Nishikawa T. Primary cutaneous cryptococcosis
and Cryptococcus neoformans serotype D. Clin
Exp Dermatol. 1995;20(3):221-5.

Banerjee U. Progress in diagnosis of opportunistic
infections in HIV/AIDS. Indian ] Med Res.
2005;121(4):395-406.

Micol R, Tajahmady A, Lortholary O, Balkan S,
Quillet C, Dousset JP, et al. Cost-effectiveness
of primary prophylaxis of AIDS associated
cryptococcosis in Cambodia. PloS One.
2010;5(11):e13856.

Vaidyanathan PS, Singh S. TB-HIV co-infection in
India. NTI Bulletin. 2003;39(3):11-8.

Andama AO, den Boon S, Meya D, Cattamanchi
A, Worodria W, Davis JL, et al. Prevalence and
outcomes of cryptococcal antigenemia in HIV-
seropositive patients hospitalized for suspected
tuberculosis in Uganda. ] Acquir Immune Defic
Syndr (1999). 2013;63(2):189-94.

Derbie A, Mekonnen D, Woldeamanuel Y, Abebe
T. Cryptococcal antigenemia and its predictors
among HIV infected patients in resource limited
settings: A systematic review. BMC Infect Dis.
2020; 20(1):1-10.

Imwidthaya P, Poungvarin N. Cryptococcosis in
AIDS. Postgrad Med ].2000;76(892):85-8.

Winter 2022, Volume 8, Issue 1



