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Abstract
Cryptococcosis is increasing due to an ever rising population of immunocompromised subjects,
including AIDS patients. Ayurveda, the ancient medical science of India requires today documentary
evidence to establish for its regular use as remedy, which will be useful for the control and cure of the
various infectious conditions. Garlic, has been reported as effective treatment for Cryptococcal
meningitis. Keeping in mind the above facts, the study was conducted to evaluate susceptibility of
Cryptococcus isolates against Garlic extract in Nair Hospital, Mumbai, including 180 patients, who
were clinically suspected for fungal meningitis. Collection and microbiological analysis of
cerebrospinal fluid for identification of Cryptococcal isolates was carried out as per standard
procedures. Garlic extract was prepared and its Minimum Inhibitory and Lethal concentration was
ascertained. Total 20 cases of Cryptococcus species obtained in the study was evaluated against
antifungal agents and garlic extract. Highest susceptibility was shown by the Amphotericin B to 60% of
the strains. MIC values against garlic extract fell in the range of 128 to 256 mcg/ml, while MLC values
in the range of 256 to 512 mcg/ml. Hence by comparing the present study findings it can be suggested
that Garlic can help in augmentation of antifungal drugs effect in the treatment of Cryptococcosis.
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1. Introduction
Cryptococcosis is a potentially fatal fungal disease, which is a defining opportunistic
infection for AIDS. The prevalence of cryptococcosis has been increasing over the past 20
years for many reasons, including the increase in incidence of AIDS and the expanded use of
immunosuppressive drugs. In humans, it causes three types of infections namely Cutaneous
Cryptococcosis, Pulmonary Cryptococcosis and Cryptococcal meningitis. Cryptococcal
meningitis is believed to result from dissemination of the fungus from either an observed or
unappreciated pulmonary infection. Often there is also silent dissemination throughout the
brain when meningitis is present. Cryptococcosis is often fatal, even if treated. It is estimated
that the three-month case-fatality rate is 9% in high-income regions, 55% in low/middleincome regions, and 70% in sub-Saharan Africa. [1] Cryptococcosis has been termed the
‘Awakening giant’ among the mycoses since 1970 [2] and now being regarded as one of the
AIDS- defining infections. The organism is unique among pathogenic fungi because of its
production of mucinous capsule in tissue and culture [3].
According Stenens DA et al., the field of antifungal chemotherapy is presently rapidly
moving [4]. In 1903, it began with the successful use of potassium iodide. Then after 50 years,
in 1951 Nystatin was introduced, the first useful polyene. Four years later Amphotericin-B
was the historical standard regimen. After 1970's Azole drugs were introduced beginning
with Ketoconazole, Itraconazole, and Imidazole. Study carried out by Shindo et al. in 1990,
has proved that Amphotericin- B was essential to administer to the patient as the initial
treatment for Cryptococcal meningitis, when antigen titer and India ink is positive [5].
Ayurveda, the ancient medical science of India, is not merely a doctrine of medical
treatment, but a way of healthy long life, comprising mostly medicinal plants. More over the
increasing use of plant extracts in the food, cosmetics and pharmaceutical industries suggest
that, in order to find active components, a systemic study of medicinal plant is very
important.
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In 1980, a study in the Chinese medical journal suggested
that garlic, when administered alone either intravenously,
intramuscularly or by mouth was an effective treatment for
Cryptococcal meningitis [6, 7, 8]. In 1977, Moor GS et al. had
studied the effect of garlic extract on Candida spp. and
found that Garlic extract appeared more effective at body
temperature than at 30° c. He also stated that isolates of
Cryptococcus species, were inhibited in vitro in the presence
of an aqueous extract of Garlic. Scientific study towards
various plant drugs [9] and its effect on various pathogens in
vitro as well as in vivo are not well documented. [10] Hence, it
is need of today to establish such documents for its regular
use as remedy, which will be useful for the control and cure
of the various infectious conditions. Keeping in mind the
above facts, we have, conducted a study to evaluate
susceptibility of Cryptococcus isolates against Garlic
extract.

D. broth to detect Cryptococcemia in patients showing
Cryptococci on direct mount. Inoculated bloods
cultures, were incubated for 48-72 hours at 370C and
were subcultured on SDA without cycloheximide to
check the colonies of Cryptococcus isolates.
E. Confirmatory tests were carried out by inoculating
Cryptococcal isolates on Niger seed agar [14] and LCanavanine Glycine Bromothymol Blue medium. [15]
Also carrying out Rapid selective urease test [16] and
Rapid Nitrate Reduction test [17].
2.4 Determination of In vitro antifungal activity
A. All Cryptococcal isolates were tested in vitro against
Amphotericin B (100 units/disc) and Fluconazole (10
mcgm/disc) by Stokes method [18] using Candida kefyr
as control strain.
B. All Cryptococcal isolates were also tested against
Garlic Extract to ascertain their Minimum inhibitory
and lethal concentrations [19].

2 Materials and methods
This prospective longitudinal study was carried out over a
period of three years, from January 1997 to December 1999
at the Department of Microbiology, after taking the
permission from Institutional Ethics committee of T. N.
Medical College and B. Y. L. Nair Charitable Hospital,
Mumbai.

2.5 Preparation of Garlic extract
A. Garlic was indentified and collected from the farm. It
was further certified by the botanist and brought into
use. One hundred grams of garlic were homogenized in
100 ml of distilled water in a warning blender for 10
minutes. The extract was filtered through the 5 layers of
gauze and the filtrate was centrifuged for 20 minutes at
2000 g and filtered through Whatmanpaper number1
and then passed through Seitz filter for sterilization.
B. Sterility testing of garlic extract was done to confirm
that extract was devoid of any contaminant. [20]

2.1 Participants
The study included 180 patients, who were clinically
suspected for fungal meningitis. These subjects were
showing sign and symptoms of fever with chronic headache,
body ache, Nausea, vomiting, staggering gait, altered
sensorium and neck stiffness. Also patients on long-term
immunosuppressive drug therapy and malignancy and organ
transplant were included.

2.6 Inoculum preparation
Cryptococcus isolates were washed off from Sabauraud agar
slants and a final concentration of suspension was matched
with the Macfarland Standard 1 for the inoculum density. [21]

2.2 Collection and microbiological analysis
Cerebrospinal Fluid (CSF) was obtained from each patient
from various clinical units by trained clinicians by the
standard procedure [11] and sent to Microbiology department
for the further analysis. CSF samples were centrifuged at
3000 rpm for 10 minutes immediately and sediment was
studied by microscopy and culture methods.

2.7 Minimum Inhibitory Concentration and Minimum
Lethal concentration
MIC and MLC of garlic extract was determined by broth
dilution method using Sabauraud’s Broth. Serial dilutions of
extract were done in Sabauraud’s Broth from dilution 2 to
1024. Medium and positive control was also tested in each
test. 20 micro liter of Cryptococcus isolates suspension of
each strain was inoculated in each dilution tube and mixed
well. All the tubes were incubated at 20-25 0c for 24-48 hrs
or until growth in control tube was observed. The inhibitory
concentration was defined as the lowest concentration of
antimicrobial agent that showed no growth of original
inoculum. MIC was reported as the concentration showing
no growth, while MLC of garlic extract was determined by
culturing loopful suspensions from tubes showing no growth
on the SDA without cycloheximide plates and inoculated at
room temperature for 24- 48 hrs. The lethal concentration
was defined as the lowest concentration of antimicrobial
agent that provided 99.9%--100% mycocidal activity when
compared with the growth of original inoculum.

2.3 Identification of Cryptococcal isolates from CSF
samples
A. Initially Direct microscopy of CSF samples was done
by conventional as well as Modified India Ink
Preparation [12] and Gram staining as per standard
method.
B. Further, Sediment of CSF obtained after centrifugation
was cultured on Blood agar, Chocolate agar and Mac
Conkeys agar along with Sabourauds Dextrose Agar
(SDA) in duplicate and incubated at 37 0C and Room
Temperature. Agar plates were checked for any growth
everyday till 4th week, before reporting it as “no
growth” occurred on agar plates.
C. Blood Culture [13] was also done in brain heart infusion
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3. Results

Graph 1: Number of Fungal isolates in CSF samples. n=180

Study revealed Cryptococcus species in 20 cases, Candida
species in 13 cases, Rhodotorula and Trichosporon species
in one case each. Hence total 35 fungal strains were isolated

from total 180 cases. A concomitant growth of
Cryptococcus and Candida species was observed in one
case.

Graph 2: Microscopic findings n=180

Microscopic findings of 180 cases revealed yeast cells in 36
cases by wet mount. Out of these 36 cases, 21 cases
demonstrated capsulated yeasts cells by India ink staining

which was confirmed as Cryptococcus species. Out of these
21 cases, one case was positive by India ink and negative by
culture for Cryptococcus species.

Table 1: HIV Status in Cryptococcosis cases n=180
Groups
Group I (HIV Positive)
Group II (HIV Negative)
Total

Suspected Cases
45 (25%)
135 (75%)
180

Cryptococcal meningitis was diagnosed significantly higher
in Group I as compared to Group II patients. Cryptococcosis
was diagnosed more in adult males than in adult females.

Diagnosed Cases
19 (42.22%)
03(02.22%)
22

The ratio of Male to Female was 2. 6: 1 (Chisquare =46.7(P,
0.001))
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Graph 3: Susceptibility pattern of Cryptococcus neoformans strains to antifungal agents (n=20)

Graph 4: MIC & MLC pattern of Cryptococcus neoformans strains to garlic extract. (n=20)

period reported by Talwar et al. from Chandigarh. In the
present study 86.09% of the Cryptococcus meningitis cases
were HIV positive which correlates with a retrospective
study of Pedrol et al. from Spain in 1985-90 which shows
that 76.9% of the Cryptococcus meningitis cases were HIV
positive [24].
According to Aquinas et al. from Bangalore in 1996,
Cryptococcus meningitis was the most common
opportunistic fungal infection in patients with AIDS
contributing to the increased morbidity and mortality.[25]
Hence our present study correlates with this findings that
Cryptococcosis was maximally diagnosed in HIV positive
patients than HIV negative patients. However, Petty et al.
had noted the prevalence rate as low as 3.3% from HIV
positive patients [26]. Hence a high index of clinical suspicion
and routine mycological surveillance is essential to identify
this infection.
Significant advances in antifungal therapy have occurred in
the last decade. Most of these advances have been tried to
the introduction of the Itraconazole and Fluconazole. In the
present study in vitro antifungal susceptibility test has been
carried out using Amphotericin B and Fluconazole against
all fungal isolates by Stoke's method using Candida kefyr as
a control strain, [27, 28]. It was observed that maximum

3. Discussion
Our observations in Nair Hospital from the year 1992 to
1998 has shown gradual rise in the incidence of
Cryptococcosis infection in HIV positive patients and those
patients who received immunosuppressive drug therapy and
having other predisposing factors. Incidence was seen to
increase from 6.6% to 13.75% in this time period. The study
undertaken from 1997 to 1999 had shown the increase in the
prevalence rate of Cryptococcosis which goes in accordance
with the data published earlier at Nair Hospital. Over all
prevalence of Cryptococcal meningitis in the study was
found to be 12.2% which is in accordance with the WHO
incidence rate of 5-33% worldwide [22]
In the pre-AIDS era of 1970-82 Talwar et al. from
Chandigarh had reported only 9 cases of Cryptococcal
meningitis [2]. An occurrence of 22 Cryptococcal meningitis
cases in a 3 years period, that was from 1997 to 1999,
maximum in HIV positive patients as observed by us, was
an indication of increased incidence of Cryptococcosis as a
consequence of AIDS. In the era of AIDS pandemic, Khan
et al., from Lucknow, have reported 10% positivity of
Cryptococcosis or Cryptococcus meningitis from 1991 to
1994 [23] which shows a rise in the prevalence rate as
compared to only 9 cases of Cryptococcosis in 12 years
~ 20 ~
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number of isolates were sensitive to Amphotericin B as
compared to Fluconazole. 60% of Cryptococcus species
were sensitive to Amphotericin B, hence it can be still
considered as a drug of choice. Kauffman CA et al. [29] and
Treseler CB et al. [30] states that Amphotericin B with or
without Flucytosine remains the drug of choice for many
fungal infection especially those that are life threatening. It
is the preferred as initial treatment for many fungal
infections [12].
Garlic extract has an antimycocidal activity which can
augment the treatment of Cryptococcosis when administered
along with antifungal drugs. An extract of garlic was studied
for its efficacy in treating experimental Cryptococcosis.
Studies in vitro showed a definite anti-cryptococcal effect of
garlic extract similar to that noted by other workers [31]. In
the present study results of MIC and MLC of garlic extract
against Cryptococcus were well correlated. Cryptococcus
isolates showed MIC towards garlic extract to the dilution of
1:128 and 1:256 and MLC to the dilution of 1:256 and 1:512
by Tube dilution method. Ratio between MIC and MLC fell
between 1to2. Micheal et al.. [32] had reported, garlic
inhibited growth of many but not all the species of fungi.
Louria et al., in 1989 [8]. Had tried the effect of Garlic on the
experimental mice. The modest effect of Garlic in the
Mouse model gives some support to the clinical report of
Garlic efficacy in the treatment of Cryptococcal meningitis
but failure to eradicate the infection in mice and the
increasing similarity of Cryptococcal counts in the brains of
control and Garlic treated animals over time, would suggest
that Garlic alone is of no value for the treatment of human
Cryptococcosis.
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5. Conclusion
Our study highlights the antifungal property of garlic by its
inhibitory and lethal effect on Cryptococcus neoformans.
Hence by comparing the present study findings with in vitro
findings by Gary et al., it can be suggested that Garlic can
help in augmentation of antifungal drugs effect in the
treatment of Cryptococcosis but Garlic alone is not suitable
candidate for the treatment of human Cryptococcosis.
Extensive trials using different types of extract and
determination of MIC and MLC would make interesting in
vitro study. Considering the potential toxicity of existing
antifungal drugs, a possible therapeutic or additive role of
garlic in treatment of Cryptococcal infections can be
envisaged and hypothesized [33].
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