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Cryptococcus neoformans var. neoformans presently includes isolates which have been determined by the
immunologic reactivity of their capsular polysaccharides to be serotype A and those which have been deter-
mined to be serotype D. However, recent analyses of the URA5 sequences and DNA fingerprinting patterns
suggest significant genetic differences between the two serotypes. Therefore, we propose to recognize these
genotypic distinctions, as well as previously reported phenotypic differences, by restricting C. neoformans var.
neoformans to isolates which are serotype D and describing a new variety, C. neoformans var. grubii, for serotype
A isolates.

Mycology has traditionally relied upon phenotypic features,
e.g., morphology, biochemistry, and the presence and nature of
reproductive structures, to evaluate the relationship of fungi
and to determine the appropriate identification of isolates (7,
22). However, such characteristics may show wide variation
within species and may change as isolates are maintained in
culture (17). Therefore, molecular techniques such as DNA
fingerprinting, DNA sequence analysis, electrophoretic karo-
typing, and others have gained increasing importance in clar-
ifying the taxonomy of several fungal genera and species (22,
23). In the present study we have used molecular tools to
re-evaluate the taxonomic status of Cryptococcus neoformans
var. neoformans.

C. neoformans (Sanfelice) Vuillemin is a heterothallic yeast
frequently associated with systemic infections in immunocom-
promised patients, especially those with AIDS (6, 30). Isolates
of the fungus have been divided into four distinct serotypes, A,
B, C, and D, on the basis of the immunologic properties of
their capsular polysaccharides (15, 35). Subsequent studies
proposed that the serotypes be grouped into two separate
varieties; serotypes A and D were designated as C. neoformans
var. neoformans, while serotypes B and C were designated as
Cryptococcus neoformans var. gattii Vanbrueseghem et Takashio
(28, 33). A number of biochemical, epidemiological, and mo-
lecular characteristics have been used to distinguish these va-
rieties, including their assimilation of L-malic acid (3) and
D-proline (14), creatinine metabolism (26), and electrophoretic
karyotypes (4, 34). While the taxonomic status of the two
varieties has been generally accepted by mycologists, recent
molecular typing of C. neoformans var. neoformans and C.
neoformans var. gattii has suggested that they may be diverging
into separate species (4).

While several investigators have focused on differences be-
tween the two varieties of C. neoformans, molecular analyses
conducted by two of the present authors have demonstrated
significant genotypic differences between the serotypes which
comprise C. neoformans var. neoformans (16). The first evi-

dence of such genetic division was obtained from fingerprint
analyses with a C. neoformans repetitive element 1 (CNRE-1)
probe, which hybridizes with moderately repetitive DNA se-
quences dispersed throughout the yeast’s genome (32). The
hybridization of CNRE-1 to SacI-digested DNA from A and D
isolates resulted in such distinct restriction fragment length
polymorphism (RFLP) patterns that they separated into two
independent clusters in a dendrogram generated by distance
analysis. The CNRE-1 probe hybridized effectively with DNA
recovered from serotype A isolates and yielded 11 to 16 bands
of various intensities. In contrast, the same probe hybridized
poorly with DNA from D serotypes and yielded 5 to 11 bands,
which were generally less intense than those obtained with
serotype A isolates.

The second indication of molecular differences between the
two serotypes was obtained through analyses of the nucleotide
sequence of the URA5 gene. The URA5 gene of each of six
isolates of serotypes A and D was amplified by PCR, and the
nucleotide sequence of the cloned gene was determined for
both strands (submitted to the GenBank database [16]). The
nucleotide sequences of the URA5 gene of serotype A isolates
differed from each other by an average of 3.0 6 1.7 bases (15
pairwise comparisons). Alternatively, the number of nucleo-
tide differences among D serotype isolates averaged 7.2 6 3.4
(n 5 15). The number of URA5 base differences obtained by
pairwise comparisons between serotype A and D isolates was
41.9 6 2.7 (n 5 30). When bootstrap analyses were performed
on phylogenetic trees based on these sequence data, the test
isolates of serotype A and D clustered into two distinct and
separate groups in 100% of the trees generated (16).

These findings are consistent with those reported by Guého
et al. (18), who examined the phylogenetic relationships of C.
neoformans by comparing the partial sequences of the most
variable domain (D2) of the large subunit rRNA. These work-
ers reported that B and C serotypes had identical sequences
but the D2 sequences of A and D serotypes were significantly
different. In fact, Guého and coworkers found that the se-
quence of this segment of the large subunit rRNA of D sero-
type isolates was closer to the corresponding sequences in B
and C serotypes than to those of A serotype test strains.

While A and D serotypes are genetically dissimilar from
each other, they are members of the same species. For exam-
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ple, Aulakh et al. (1) conducted reassociation studies of the
DNAs from these two serotypes and reported 88 to 94% re-
latedness. Kwon-Chung (24) demonstrated that serotype A
and D isolates are able to mate with each other and produce
fertile progeny, i.e., the teleomorphic, basidiomycetous yeast
Filobasidiella neoformans Kwon-Chung var. neoformans.

Despite the significant genetic differences, isolates of A and
D serotype can be distinguished by only a few phenotypic
characteristics (Table 1). For example, the two serotypes differ
in their ability to assimilate thymine (21). When isolates of
serotype D are grown on a medium containing creatinine,
dextrose, bromothymol blue, and thymine, they convert the
pyrimidine to b-isobutyric acid. In contrast, serotype A isolates
cannot utilize thymine, and colonies remain cream colored
when grown on the same medium (21). Additionally, there are
the antigenic properties of the polysaccharide capsule resulting
from differences in the extent of xylose present in the glucu-
ronoxylomannan capsular backbone (8). However, serotyping
of isolates is an involved procedure not readily performed in
the average clinical microbiology laboratory. Then, too, Cleare
and Casadevall recently observed an annular pattern of immu-
nofluorescence binding to the immunoglobulin M monoclonal
antibody (MAb) 13F1 with serotype A isolates but a punctate
pattern with serotype D isolates (10). While the differentiation
of C. neoformans isolates on the basis of their serotypes is
widely accepted, Cherniak et al. recently demonstrated that the
glucuronoxylomannan structure and serotype of isolates recov-
ered from clinical specimens can change during the course of
infection (9). Therefore, the serotype of an isolate may not be
as stable a phenotypic character as had previously been per-
ceived.

Although relatively few serotype-specific serological re-
agents are available, several methods for serotype discrimina-
tion have been described (reviewed in reference 6). Ikeda et al.
(20) developed commercially available serological reagents
which discriminate the serotypes based on the presence of one
or more of eight antigenic factors (Table 1). MAbs that react
with specific serotypes have also been generated. Dromer et al.
(11) developed MAb E1, which reacts primarily with serotype
A isolates, while Ikeda et al. (19) isolated a MAb specific for
serotype D strains. As mentioned above, the differential bind-
ing of MAb 13F1 to the capsular material of serotype A and D
strains indicates that it can be used as another reagent for
serotype discrimination (10).

There are also epidemiological and clinical differences be-
tween the two serotypes. While the overwhelming majority of
isolates recovered from AIDS patients throughout the world
are serotype A, infections due to serotype D in such individuals
are more prevalent in isolated geographic areas, especially
France, Italy, and Denmark (2, 12). Moreover, infections due
to serotype D are more strongly correlated than those caused
by serotype A to older patients, the skin, and the use of cor-
ticosteroids (13). Finally, despite the fact that the teleomorph
F. neoformans is considered to be a heterothallic, basidiomy-
cetous yeast composed of two mating types, a and a, serotype
A isolates recovered from clinical cases and the environment
have all proven to be a mating types. Observation of both
mating types and successful mating pairs has been restricted to
serotype D isolates.

Therefore, we propose on the basis of this phenotypic and
genotypic evidence to separate serotype A and D isolates into
distinct varieties of the same species. Since the original de-
scription of C. neoformans var. neoformans was based on a D
serotype (24), we suggest retaining this variety for isolates of
this serotype. We propose a new variety, Cryptococcus neofor-
mans var. grubii, to include only A serotypes. The descriptions
of these two varieties are as follows.

Cryptococcus neoformans (Sanfelice) Vuillemin var. neofor-
mans emend. Franzot, Salkin, et Casadevall. The same char-
acteristics as those previously described for Cryptococcus neo-
formans var. neoformans, except that this emendation restricts
the variety to D serotypes of the anamorphic species as deter-
mined by the reactivity of their capsular polysaccharide with
rabbit sera. The variety may be further distinguished by the
RFLP patterns of 5 to 11 bands of limited intensity obtained
with the CNRE-1 probe of SacI-digested genomic DNA. Ad-
ditionally, the variety is characterized by 7.2 6 3.4 nucleotide
differences in the URA5 gene as determined through PCR
amplification and sequencing of the cloned gene. Teleomorph:
Filobasidiella neoformans var. neoformans. Holotype: Isolated
from peach juice and deposited in Centraalbureau voor Schim-
melcultures as CBS 132.

Cryptococcus neoformans var. grubii Franzot, Salkin, et Cas-
adevall, var. nov. Anamorphus ut in Cryptococcus neoformans
var. neoformans simili sed ab hac varietate differt: capsulae
“polysaccharide” serotypum A vocatum continentes; RFLP or-
dinatione 11–16 fasciarum ab exemplo CNRE-1 vocato, secun-
dum concoctionem DNA enzymato SacI vocato; gens URA5

TABLE 1. Differences among the three varieties of C. neoformansa

Characteristic C. neoformans var. grubii C. neoformans var. neoformans C. neoformans var. gattii Reference(s)

Serotype(s) A D B, C 2, 6, 15, 35
Main geographic distribution Worldwide Northern Europe Tropical and subtropical 2, 6, 12
Mating type(s) isolate a a and a a and a 6, 24, 25, 29
Perfect state F. neoformans var. neoformans F. neoformans var. neoformans F. neoformans var bacillispora 24, 25, 28
Factor serum reactivity 1, 2, 3, 7 1, 2, 3, 8 1, 2, 4, 5 (serotype B); 1, 4, 6

(serotype C)
19

Reactivity with MAb 13F1 Annular Punctate NA 10
CGB medium No growth No growth Growth 27
GCP medium No growth No growth Growth 31
CDBT medium (thymine

assimilation)
No growth Growth (orange color change) Growth (blue-green color

change)
21

Hybridization to CNRE-1 11–16 bands 5–11 bands Very weak 16, 32
Average chromosome number 121 12.8 13 34
MEE pattern ET1–ET4 ET8–ET12 ET13–ET19 5
Dermatotropism Frequent Less frequent Not determined 13

a Abbreviations: NA, not available; CGB, canavanine-glycine-bromothymol blue; GCP, glycine-cycloheximide-phenol red; CDBT, creatinine-dextrose-bromothymol
blue-thymine; MEE, multilocus enzyme electrophoresis; ET, electrophoretic type.
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vocata 3.0 6 1.7 “nucleotide” diversitate secundum PCR et
DNA seriem praebens. Teleomorphys est Filobasidiella neo-
forans var. neoformans. Holotypus: In fluido ossis posterioris
ex homo sapiens morbo Hodgkin’s vocato lectus est, apud
Durham, in Durham comitatu North Carolinsium finium, in
imperio United States CSF cultura 898, 15 February 1978, e
DUMC 135.97, cultura H99, NYSD 1649. In Museo Novebo-
racensis finibus herbario.

The same characteristics as those previously described for
Cryptococcus neoformans var. neoformans, except that Crypto-
coccus neoformans var. grubii is restricted to “A” serotypes of
the anamorphic species as determined by the reactivity of their
capsular polysaccharide with rabbit sera. The variety may be
further distinguished by the RFLP patterns of 11 to 16 bands
of variable intensity obtained with the CNRE-1 probe of SacI-
digested genomic DNA. Additionally, the variety is character-
ized by 3.0 6 1.7 nucleotide differences in the URA5 gene as
determined through PCR amplification and sequencing of the
cloned gene. Teleomorph: Filobasidiella neoformans var. neo-
formans. Holotype: Isolate H99 recovered from Hodgkin’s dis-
ease patient and deposited under accession no. NYSD 1649,
New York State Herbarium, Albany, N.Y. Etymology: The
specific epithet grubii was selected to honor David Gruby,
19th-century scholar, physician, and scientist, who was the first
to recognize and prove that dermatophytic infections are
caused by fungi.
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