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Summary Poor susceptibility of Cryptococcus neoformans to fluconazole (FLC) is a matter of

concern among clinicians in Africa. The emergence of resistance to FLC was recently

reported in Kenya, but it is not known whether it is widespread. Thus, there is need for

more antifungal drug susceptibility studies in Kenya. The aim of this study was to

measure the in vitro antifungal drug susceptibilities of incident C. neoformans isolates

from acquired immunodeficiency syndrome patients in Kenya. Antifungal susceptibility

testing was performed in 67 C. neoformans isolates by broth microdilution method as

outlined in the Clinical and Laboratory Standards Institute document M27-A3 using

FLC, amphotericin B (AMB), voriconazole (VOR), ravuconazole (RAV) and flucytosine

(5-FC). Isolates were grown on L-canavanine glycine bromothymol blue medium for

serotype identification. Six per cent of the isolates were identified as C. neoformans var.

gattii serotype B or C and 94% as C. neoformans var. neoformans. All isolates tested were

susceptible to AMB, VOR and RAV (100%), and high susceptibilities were seen to FLC

(97%), and 5-FC (90%). Only 3% and 10% of the isolates� susceptibility to FLC and

5-FC, respectively, was dose-dependent or intermediate. These results demonstrate high

susceptibilities of incident C. neoformans isolates to FLC and AMB, antifungals used for

treatment of cryptococcal meningitis in Kenya.
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Introduction

Cryptococcus neoformans is an environmental saprophyte

that commonly infects immunocompromised patients

causing cryptococcal meningitis (CM).1 The three vari-

eties reported in Africa are C. neoformans var. neofor-

mans, C. neoformans var. grubii and C. neoformans var.

gattii.2,3 Cryptococcus neoformans var. neoformans and C.

neoformans var. grubii have a worldwide distribution,

while C. neoformans var. gattii is confined to tropical ⁄

subtropical regions, and in the Northeast United States

and Vancouver area.4,5 The incidence of Cryptococcus

infections has increased dramatically over the years

in many countries as a consequence of the HIV

epidemic.6,7

Studies in Africa have demonstrated high disease

burden, morbidity and mortality associated with CM

among patients with AIDS.8–10 Fluconazole (FLC) is the

drug of choice for treatment of CM and its free access

through the Diflucan Partnership Program has greatly

improved the quality of life for many patients in Africa.

However, concerns about the emergence of FLC resis-

tant strains of C. neoformans have been raised by various

investigators.3,6,11,12 Reduced susceptibility of C. neo-

formans to FLC has been reported in a number of sub-

Saharan countries including Kenya, Uganda, Rwanda

and South Africa.2 Studies in Kenya and South Africa
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showed FLC resistance at a frequency of 11.2% and

12.7%, respectively.3,13 It is speculated that reduced

susceptibility to FLC in Kenya may be as a result of poor

prescription practices and under-dosages.3

With wider use of FLC for treatment of CM as the HIV

positive population increases, antifungal resistance is

likely to be on the rise. Antifungal resistance will

increase treatment costs in these resource-poor coun-

tries where healthcare infrastructures are already

strained.13 We conducted this study because of the

gravity of the potential problems posed by antifungal

drug resistance and the need for more antifungal

susceptibility data in Kenya. For the conduct of this

study, we measured the in vitro antifungal drug

susceptibilities of incident C. neoformans isolates from

AIDS patients at two referral hospitals in Kenya.

Materials and methods

Isolates and clinical data

A total of 67 Cryptococcus isolates from the cerebrospi-

nal fluid (CSF) of HIV positive patients from Kenyatta

National Hospital and Mbagathi District Hospital in

Nairobi Kenya were used for this study. CSF was

cultured on Sabouraud�s dextrose agar (BD, Sparks,

MD, USA) to obtain the isolates. The presence of C.

neoformans was confirmed by a positive urease test. The

isolates were transferred into agar slants and stored at

room temperature or aliquoted in a glycerin ⁄ milk

solution and stored at )80 �C at the Kenyatta National

Hospital microbiology laboratory. These isolates were

then shipped to a laboratory at the University of

Alabama at Birmingham (UAB) for antifungal suscep-

tibility testing and confirmation of identification.

Demographic data including gender, age, baseline

CD4 counts, education and in-hospital mortality were

obtained using a structured questionnaire and patient

medical records. All participants included in the study

gave informed consent to have their CSF collected and

their clinical records reviewed. Ethical approval to

conduct this study was obtained from the UAB Institu-

tional Review Board and the Kenyatta National Hospital

Ethics and Research Committee. Data analysis was

conducted using SAS, version 9.1 (SAS Institute Inc.,

Cary, NC, USA).

Antifungal drugs

We tested six antifungal drugs from the manufacturers

as follows: FLC and voriconazole (VOR) (Pfizer, Inc.,

New York, NY, USA), Amphotericin B (AMB) (Sigma, St.

Louis, MO, USA) and ravuconazole (RAV) (Bristol-Myers

Squibb, Princeton, NJ, USA), flucytosine (5-FC) (Sigma).

Some of the drugs tested are not available for use in

Kenya, but knowledge of their potency in comparison

with AMB and FLC will be useful in guiding antifungal

drug use in the future.

Broth microdilution susceptibility testing and

biochemical characterisation

Minimum inhibitory concentrations (MICs) to AMB,

FLC, VOR, RAV, POS and 5-FC were determined by

broth microdilution per Clinical and Laboratory Stan-

dards Institute (CLSI) document M27-A3.14 Inocula

were prepared from a 48-h culture on sabouraud�s
dextrose agar (BD). Interpretive criteria for FLC

(susceptible £8 lg ml)1, susceptible dose-dependent,

16–32 lg ml)1 and resistant, ‡64 lg ml)1), 5-FC (sus-

ceptible £4 lg ml)1, intermediate, 8–16 lg ml)1 and

resistant ‡32 lg ml)1), AMB, (susceptible £1) were

used.15 Interpretive criterion for VOR and RAV (sus-

ceptible £1) is based on the study by Pfaller et al. [11].

Drug concentrations tested were 0.03–16 lg ml)1

(AMB), 0.125–64 lg ml)1 (FLC), 0.015–8 lg ml)1

(RAV and VOR) and 0.015–64 lg ml)1 (5-FC). Final

dilutions were made in RPMI 1640 medium (Sigma)

buffered to pH 7.0 with 0.165 mol l)1 3-(N-morpholi-

no) propanesulfonic acid buffer (Sigma). MIC values

were determined, after incubation at 72 h at 35 �C,

visually with endpoints based on the lowest concentra-

tion that produced a 50% inhibition in growth com-

pared with that of the drug-free control for azoles and

5-FC and 100% inhibition for AMB. Candida parapsilosis

(ATCC 22019) and Candida krusei (ATCC 6258) were

included with each testing for quality control. Isolates

were grown on L-canavanine glycine bromothymol blue

medium to identify them to species level as described by

Kwon-Chung et al. [16].

Results

Patient characteristics

Baseline characteristics of the patients are summarised

in Table 1. Patient median age was 35 (range: 20–53)

years. Males comprised the greatest proportion of the

patients (65%). Approximately one-third (32%) of the

patients were currently or previously on antiretroviral

therapy (ART), and two-thirds (66%) had a history of

antifungal drug use. Most patients had CD4 count <200

cells lL)1 (94%), were hospitalised for the first time

(90%) and died during hospitalisation (60%).
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Antifungal drug susceptibility testing

Six per cent (4 ⁄ 67) of the isolates were identified as C.

neoformans var. gattii (serotype B or C) and 94%

(63 ⁄ 67) as C. neoformans var. neoformans (serotype A

or D). In vitro susceptibilities of these isolates to

six antifungal agents are summarised in Table 2.

All isolates were susceptible to AMB (range:

0.5–1.0 lg ml)1). Ninety-seven per cent of the isolates

were susceptible to FLC (range: 0.25–16.0 lg ml)1) and

90% to 5-FC (range: 1.0–16.0 lg ml)1). Only 3% and

10% of the isolates� susceptibility to FLC and 5-FC,

respectively, were dose-dependent or intermediate. All

isolates were susceptible to RAV (range: 0.015–

0.25 lg ml)1) and VOR (0.015–0.25 lg ml)1).

Discussion

This study highlights the existence of two Cryptococcus

serotypes in our isolates; C. neoformans var. neoformans

and C. neoformans var. gattii, indicating the possibility of

more than one environmental source of the fungus in

Kenya. Cryptococcus neoformans var. neoformans is

usually found in pigeon excreta, whereas C. neoformans

var. gattii is found commonly in the tropics where

eucaplyptus trees are plentiful.17 Kenya provides an ideal

environment for both species. In this study, C. neofor-

mans var. neoformans was more prevalent in our study

population compared with C. neoformans var. gattii.

Similar findings were reported in Kenya recently.3 It will

be interesting to conduct a country wide environmental

survey to map the distribution of C. neoformans

serotypes to understand the clinical significance of

C. neoformans var. gattii. This serotype is not very

common in Kenya, but its clinical significance may be

increasing.3

Reports on the emergence of C. neoformans with

decreased susceptibility to FLC in Africa are of great

concern as this is the drug widely used for treatment of

CM. The introduction of free FLC in Kenya through the

Diflucan Partnership Program has saved lives, but has

also seen a huge increase in its use.18 This has prompted

concerns that the drug is over-prescribed and may lead

to widespread resistance. A study by Bii et al. [3],

confirmed these fears when it reported in vitro resistance

to FLC as high as 11.5%.3 In contrast, our findings show

high susceptibility to FLC with only 3% of the tested

Table 1 Baseline characteristics of the study patients admitted at

KNH and MDH between August 2008 and March 2009.

Variable Total, N = 65 (%)

Age, median years (range) 35 (20–53)

Male 42 (65)

Secondary education 34 (52)

Employment 46 (71)

ART, current or previous 21 (32)

Previous antifungal treatment 43 (66)

CD4+ T lymphocyte count <200 (cells mm)3) 47 ⁄ 50 (94)1

In-hospital mortality 38 ⁄ 62 (61)1

First time hospitalisation 56 ⁄ 62 (90)1

1Variables with denominators are listed to show missing data.

ART, antiretroviral therapy; KNH, Kenyatta National Hospital;

MDH, Mbagathi District Hospital.

Table 2 In vitro antifungal drug susceptibilities of incident Cryptococcus neoformans isolates from AIDS patients in Kenya.

Antifungal

drug

concentration

(lg ml)1)

FLC

(N = 66),

n (%)

AMB

(N = 67),

n (%)

5-FC

(N = 67),

n (%)

RAV

(N = 59),

n (%)

VOR

(N = 67),

n (%)

0.015 33 (56) 4 (6)

0.03 7 (12) 14 (21)

0.06 17 (29) 28 (42)

0.125 1 (1.5) 17 (25)

0.25 2 (3) 1 (1.5) 4 (6)

0.5 1 (2) 15 (22)

1 5 (8) 52 (78) 3 (4.6)

2 16 (24) 23 (34.2)

4 32 (48) 35 (52)

8 8 (12) 3 (4.6)

16 2 (3) 3 (4.6)

Range (lg ml)1) 0.25–16 0.5–1 1–16 0.015–0.25 0.015–0.25

MIC50 4 1 2 0.015 0.06

MIC90 8 1 4 0.25 0.25

AMB, amphotericin B; FLC, fluconazole; MIC, minimum inhibitory concentration; MIC50 and MIC90, MICs at which 50% and 90% of the

isolates were inhibited, respectively; RAV, ravuconazole; VOR, voriconazole; 5-FC, flucytosine.
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isolates� susceptibility being dose-dependent. High sus-

ceptibility was also seen to AMB and the other anti-

fungals tested.

Our findings are surprising as we had hypothesised

high antifungal drug resistance because of the wide-

spread use of FLC in hospitals. It is difficult to predict

why we found no resistance compared with results

obtained by Bii et al. [3]. It is likely that the incident

isolates used in our study were tested before they

developed storage-induced resistance. The difference

may also be explained by the methods used. Bii et al.

[3] used the commercial frozen plate kit (Eiken Chemical

Co. Ltd, Tokyo, Japan). Although this method was

evaluated to show over 90% agreement with the CLSI

method we used, it may explain the contrasting results

obtained.19

Clinical response to FLC occurs when the MIC is

<16 lg ml)1.1 With efficacy as high as 97%, FLC is still

useful as the drug of choice for treatment of CM in

Kenya. This is welcome news for Kenya where AMB is

too expensive for most patients who must rely solely on

FLC for treatment of CM. Although poor prescription

practices and under-dosages may be a problem in

Kenya, we find no evidence of widespread resistance to

AMB and FLC in this study. Safeguards to prevent the

development of resistance to these life-saving anti-

fungals must be adopted as suggested by Bii et al. [3].

Conclusion

Our results show that antifungal resistance remains

uncommon among C. neoformans isolates in Kenya. We

also show that these drugs are extremely potent against

the clinical isolates of C. neoformans. However, despite

these positive findings, measures to control how these

drugs are used are necessary. The recommendations by

Bii et al. [3] to control irrational use of antifungal drugs

and to support the establishment of a nationwide

antifungal drug resistance surveillance programme in

Kenya are useful.
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