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Abstract

Introduction

Cryptococcal meningitis (CM) is the most common systemic fungal infection in patients with HIV infection. Rapid diagnosis and
timely initiation of antifungal therapy are key to reducing mortality rate associated with CM. This study aims to evaluate the ability of
four different diagnostic tests (Gram stain, India ink, and two types of commercial lateral fow assay [LFA]) to identify CM-positive
patients and to compare the sensitivity and specifcity of these tests.

Methods

This was a prospective cross-sectional study on diagnostic tests accuracy conducted in Northern Malawi. The target population was
HIV-infected adult patients presenting with features of meningitis. Four types of diagnostic tests were conducted: India ink, Gram
stain, and two types of commercial lateral fow assay (LFA) (Immy, Inc., OK, USA and Dynamiker Biotechnology (Tianjin) Co., Ltd),
Singapore). Culture was conducted as the reference standard.

Results

A total of 265 samples were collected. The rate of positive CM detection ranged from 6.4% (using India ink) to 14.3% (using LFA).
India ink exhibited the lowest sensitivity of 54.8% (95% confdence interval [Cl]: 36.0%—72.7%), followed by Gram stain (61.3%; 95%
Cl: 42.2%-78.2%). The Dynamiker LFA exhibited the highest sensitivity of 100.0% (95% CI: 90.0%-100.0%) but a lower specifcity
(97.0%; 93.9%-98.8%) compared to the Immy LFA (98.3%; 95% CI: 95.7%-99.5%).

Conclusion

LFA diagnostic methods have the potential to double the detection rate of CM-positive patients in resource-limited countries such
as Malawi. As such, LFAs should be considered to become the main diagnostic tests used for CM diagnostics in these countries. Our
data indicate that LFAs may be the best method for diagnosing CM and exhibits the highest diagnostic accuracy as it has shown that it

outperforms cell culture, the current gold standard.
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Introduction

Cryptococcal meningitis (CM) is the most common systemic
fungal infection in patients with HIV infection. Globally,
there are an estimated 181,100 estimated deaths from CM,
with 75% of the deaths occurring in sub-Saharan Africa
(SSA)L. Despite the increased coverage of antiretroviral
treatment (ART) programs in high burden countries, the case
fatality rate of CM remains high at 35%—65% in SSA**. In
Malawi, studies have reported that more than 40% of patients
diagnosed with CM die within 4 weeks of the diagnosis,
and that 55%-58% die by 10 weeks®¢. Consequently, early
diagnosis and the timely initiation of antifungal therapy is
essential if we are to reduce morbidity and mortality from
cryptococcal disease.

The clinical presentations of CM are often indistinguishable
from other causes of meningitis. As such there is a need for
a more accurate and robust diagnostic test for the diagnosis
of CM'. The laboratory diagnosis of CM includes direct
visualization of cryptococci via microscopy, culture of the
organism and/or the detection of cryptococcal antigens in
cerebrospinal fuid (CSF). Even though India ink is rated
poorly in terms of diagnostic ability for CM, and with
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regards to sensitivity and specifcity®!, evidence indicates
that India ink stain is still widely used for the detection of
cryptococci in CSF, particularly in resource-limited countries
such as Malawi*2.

Although cell culture is relatively slow, it is still considered
to represent the gold standard for CM diagnosis. Antigen
detection is rapid, and is associated with high sensitivity
(93%-100%) and specifcity (93%—-98%); however, this form
of detection is not available in low-resource countries due
to its excessive costs®®. Therefore, microscopy continues to
be widely adopted as a rapid, cheap and reliable diagnostic
method in these settings.

There are few published data on the utility of the Gram
stain for the direct detection of cryptococci in CSF samples,
particularly in patients infected with HIV. Furthermore, there
is little published data available that compares microscopic
and antigen-based CM diagnostic methods, particularly in
resource-constrained settings such as Malawi. We therefore
undertook a comparative evaluation of Gram stain, India
ink stain, and two forms of lateral fow assay (LFA) (Immy
and Dynamiker), for the rapid diagnosis of cryptococcal
meningitis in HIV-infected patients in Mzuzu, Malawi.
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Figure 3 shows the rate of positive-CM identifcation
according to the different diagnostic tests. The rate of
positive-CM identifcation ranged from 6.4% (using India
ink) to 14.3% (using LFA). Both LFA tests identifed more
positives than the conventional culture method, our reference
standard. The Dynamiker LFA produced the highest rates
of positivity, while India ink produced the lowest rates of
positivity, identifying only approximately half of the number
of cases as the culture method.

A comparison of the diagnostic methods with respect to
sensitivity, specifcity and accuracy, is shown in Table 2. India
ink and Gram stain were associated with the lowest sensitivity
(54.8% and 61.3%) but the highest specifcity (100%) in the
diagnosis of CM. Both LFA tests showed 100% sensitivity
and high specifcity of up to 98.3%, with the Immy LFA
exhibiting the highest level of accuracy (98.5%).

Discussion

A positive fungal culture is the gold standard for the diagnosis
of cryptococcal infection. Previous research has shown that
samples of CSF show fungal growth in almost all cases of
CM?01216  However, due to problems associated with delay
and the critical demand of expertise, fungal culture may not
be the most favourable diagnostic method for the clinical
management of CM. Furthermore, in situations like Malawi,
in which the burden and prevalence of CM is low, there is
a possibility that the culture method may not identify every
case of CM.

In this study, the Gram stain was found to be marginally more
sensitive (61.3%) than the India ink stain (54%), although
this difference was not tested for statistical signifcancy. Our
fndings show lower levels of sensitivities for the Gram stains
as compared to other studies'?'’. In most studies, India ink
has been reported to have a lower sensitivity rate compared
to Gram stain and demands greater levels of expertise than
the Gram stain***2, Although subjective, a study conducted
in Durban, South Africa by Coovadia et al.’?, reported
the outcomes of a brief interview held with a number of
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stain was much easier to perform and interpret than the
India ink test. Bottone was the frst to describe the role of
the Gram stain for the diagnosis of cryptococcal infection
in purulent exudates®® in his paper, Bottone described yeast
as round lipoid bodies or stippled unicellular structures.
Subsequent research work, although rather limited, further
established that the Gram stain identifed 50% more cases of
CM-positives than the India ink stain®. Other studies have
reported that the Gram stain has a high sensitivity, ranging
from 81% to 85% with regards to CM-positivity**”. Despite
all of these fndings, it is surprising that most developing
countries, including Malawi, still use India ink as the main
diagnostic test for CM

blinding of results in this study; this may affect the results
arising from the Gram stain and India ink tests, since they
are more subjective. However, the technicians used in the
present study were not aware of the intention to determine
sensitivity and specifcity; hence we believe that the tests
were interpreted in the way that they would be interpreted in
a routine clinical setting.

Conclusion

Our research found that the Gram stain was more sensitive
than the India ink stain for the detection of CM. However,
LFA was clearly the best method for diagnosing CM, and
showed the highest levels of sensitivity and specifcity. They
also outperform cell culture, the current gold standard.
LFA diagnostic methods have the potential to double the
detection rate of CM-positive patients in resource-limited
countries such as Malawi.

As such, LFAs may be considered to be the main diagnostic
tests used for CM diagnostics in these countries

Acknowledgements

We would like to thank all of the clinical and nursing staff
involved in the recruitment of participants and the laboratory
technicians who conducted the tests.

Authors’ contributions

Study conception: Master Chisale, Dikani Salema, Pocha
Kamudumuli; study design: Master Chisale, Dikani Salema,
Frank Sinyiza, Judith Mkwaila, Pocha Kamudumuli, Hsin-yi
Lee.; data collection: Master Chisale, Dikani Salema, Frank
Sinyiza, Judith Mkwaila, Pocha Kamudumuli, Hsin-yi Lee;
data analysis: Master Chisale and Hsin-yi Lee.; manuscript
preparation: Master Chisale, Dikani Salema, Frank Sinyiza,
Judith Mkwaila, Pocha Kamudumuli, Hsin-yi Lee. All the
authors contributed adequately towards the completion of
this study. All authors read and approved the manuscript.

Funding

Funding was obtained from the Pingtung Christian Hospital
(PTCH) Research Capacity Building Program, grant number:
PS-IR-106001 and PS-1R-107001. The funders had no role
in study design, data collection and analysis, or preparation
of the manuscript.

Availability of data and materials

All data related to this study can be accessed at Mzuzu
Central hospital upon consent given from the authorities
Competing interests

None declared.

References

1. 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.

2. Veltman JA, Bristow CC, Klausner JD. Meningitis in HIV-positive
patients in sub-Saharan Africa: Areview. J Int AIDS Soc. 2014;17:19184.

3. Kambugu A, Meya DB, Rhein J, O’Brien M, Janof EN, Ronald AR,
et al. Outcomes of cryptococcal meningitis in Uganda before and after
the availability of highly active antiretroviral therapy. Clin Infect Dis.
2008;46(11):1694-701.

4. Lessells RJ, P. C. Mutevedzi PC, Heller T, Newell MLN. Poor long-
term outcomes for cryptococcal meningitis in rural South Africa. \ol.
101, SAMJ S Afr Med J. 2011;101:251-2.

5. Rothe C, Sloan DJ, Goodson P, Chikafa J, Mukaka M, Denis B,
https://doi.org/10.4314/mmj.v32i1.2



Malawi Medical Journal 32 (1): 3-7 March 2020

Diagnostic methods for cryptococcal meningitis 7

et al. A prospective longitudinal study of the clinical outcomes from
cryptococcal meningitis following treatment induction with 800 mg
oral fuconazole in Blantyre, Malawi. PLoS One. 2013;8(6):e67311.

6. Gaskell KM, Rothe C, Gnanadurai R, Goodson P, Jassi C, Heyderman
RS, et al. A prospective study of mortality from cryptococcal meningitis
following treatment induction with 1200mg oral fuconazole in
Blantyre, Malawi. PL0S One. 2014;9(11):e110285

7. Rakhmanova AG, Giaurgieva OK. Clinical course of cryptococcosis
in HIV infection. Klin Med (Mosk). 1999;77(1):39-42.

8. Williams DA, Kiiza T, Kwizera R, Kiggundu R, Velamakanni S,
Meya DB, et al. Evaluation of fngerstick cryptococcal antigen lateral
fow assay in HIV-infected persons: a diagnostic accuracy study. Clin
Infect Dis. 2015;61(3):464-7.

9. Kaufman CA, Bergman AG, Severance PJ, McClatchey KD.
Detection of cryptococcal antigen. Comparison of two latex
agglutination tests. Am J Clin Pathol. 1981;75(1):106-9.

10. Tanner DC, Weinstein MP, Fedorciw B, Joho KL, Thorpe JJ, Reller
LB. Comparison of commercial kits for detection of cryptococcal
antigen. J Clin Microbiol. 1994;32(7):1680-4.

11. Cohen J. Comparison of the sensitivity of three methods for the
rapid identifcation of Cryptococcus neoformans. J Clin Pathol.
1984;37(3):332-4.

12. Coovadia Y, Mahomed S, Dorasamy A, Chang C. A com Tw312A9 03575.380440003575.38047004C0044004A00510417 TmB

https://doi.org/10.4314/mmj.v32il.2



