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Abstract. This is the first report on the isolation of Cryptococcus neoformans from pigeon droppings in 
China and their serotypes. C. neoformans colonies which produced brown colonies on caffeic acid- 
cornmeal agar were found in Twenty-five out of thirty-six samples of pigeon droppings. Fifty-one 
colonies randomly picked from the positive samples were identified as C. neoformans by a commercially 
available kit for carbon source assimilation test and Christensen's urea agar. Forty (78%) out of the 51 
strains were serotyped as A and 11 (22%) as AD. At the same time, seventeen out of nineteen clinical 
isolates were serotyped as A and 2 as B. There are three findings in our results. One is that only C. 
neoformans var. neoformans strains could be isolated from pigeon droppings, although the variety gattii 
strains were found in the clinical isolates obtained in the same geographic site in China. The second is 
that serotype A strains were most frequently seen in natural and clinical materials in the southeast part 
of China, and serotype AD strains were isolated in pigeon droppings but not in clinical materials. The 
third is that the coexistence of serotype A and AD cells of C. neoformans strains in same samples of 
pigeon droppings were observed. 
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Introduction 

Cryptococcus neoformans is a clinically important 
pathogenic fungus. It causes disseminated infec- 
tion, especially serious meningeal infection in 
human beings [1]. Because crotypococcosis was 
more frequently found in patients with immuno- 
suppressive disorders such as AIDS, the signifi- 
cance of research on the ecology of this patho- 
genic agent has been emphasized [2]. 

C. neoformans is a yeast like fungus with a 
capsule and a world-wide distribution. Based on 
the antigenic determinations of the polysacchar- 
ide capsule surrounding cells, C. neoformans is 
subdivided into five serotypes-A, B, C, D and 
AD [3-5]. These different stereotypes strains 

were examined biochemically, morphologically 
and genetically and then designated them as two 
varieties: Cryptococcus neoformans vars. neofor- 
mans (A/D serogroup) and Cryptococcus neofor- 
mans var. gattii (B/C serogroup) [6, 7]. These 
serotypes are very useful for research on the etiol- 
ogy, ecology and epidemiology of C. neoformans 
[8-11]. 

In China, serotypes of clinical isolates of C. 
neoformans were reported in 1987 [12]. A, .AD 
and B serotypes of C. neoformans have been 
found in patients living in the southeast part of 
China (Shanghai city and Jiangsu pro.vince), but 
serotypes of natural isolates have never been in- 
vestigated. We present our results of the isolation 
of C. neoformans strains from pigeon droppings 



in Nanjing city, Jiangsu province and the sero- 
types of the isolates. Some clinical isolates de- 
rived from patients in Nanjing city and Shanghai 
city were used for epidemiological comparison in 
this study. 

Materials and methods 

Sabouraud dextrose agar (SDA) (10 g/L polypep- 
ton, 20 g/L dextrose, 20 g/L Bact agar) was used 
to maintain stock cultures and to propagate the 
tested strains [13]. Caffeic acid cornmeal agar 
(CACA) slightly modified from Kaufman's me- 
thods (0.3 g/L caffeic acid (Sigma, AR), 50 mg/L 
chloramphenical and 17.5g/L cornmeal agar 
(Difco)) [14] was used to isolate C. neoformans 
from pigeon droppings and to detect phenoloxyd- 
ase activity. Christensen's urea agar (1 g/L poly- 
pepton, l g / L  dextrose, 5g/L NaC1, 2g/L 
KH2PO4, 0.012 g/L phenol red, 2 g/L urea and 
1.5 g/L agar) was used to examine urease activity 
[13]. Cornmeal Tween-80 agar was preparated for 
observation of hyphae produced by tested yeasts 
[13]. For carbon source assimilation, API 20C 
SYSTEMS (S.A. Montalieu, France) was used. 
To group the strains identified as C. neoformans 
into two varieties, canavanine-glycine-bromothy- 
tool blue (CGB) medium (0.03 g/L 1-canavanine, 
10g/L glycine, l g/L KH2PO4,1g/L MgSO4, 
0.001 g/L thiamine, 20 g/L agar and 20 ml/L of 
0.4% bromothymol blue) was made by Kwon- 
Chung's method [7]. Serodiagnostic reagents 
(Crypto Check) for identification of C. neofor- 
roans were supplied by Itron Laboratories, 
Tokyo, Japan. Eight different antisera were con- 
tained in a kit and used according to the instruc- 
tions of the manufacturer. 

Clinical isolates. Nineteen strains of C. neofor- 
roans isolated from spinal fluid of 19 patients with 
cryptococcosis (none AIDS patients, 5 in Nanjing 
city and 14 in Shanghai city) were used with 51 
avian strains. Five standard strains of C. neofor- 
roans were IFM 5854 (originally CDC 551, sero- 
type A), IFM 5855 (originally NIH 112, serotype 

B), IFM 5856 (originally NIH 18, serotype C), 
IFM 5857 (originally NIH 52, serotype D) and 
IFM 5889 (serotype AD). (IFM: abbreviation for 
the Institute of Food Microbiology, former name 
of Research Center for Pathogenic Fungi and 
Microbiol Toxicoses, Chiba University, Japan). 

Methods. Thirty-six samples of fresh pigeon drop- 
pings were collected from three dovecotes of pi- 
geon in Nanjing city during April-June 1990. C. 
neoformans strains were isolated by the following 
procedures. Briefly, about l g samples were 
mixed with 9 ml sterile saline supplemented with 
streptomycine and penicillin to the final concen- 
tration of 200 Ix/ml. After having been vigorously 
shaken, the suspension was inoculated on CACA 
medium with a swab. The inoculated plate was 
incubated at 37 °C for 24 h and then at 25 °C for 
6 days. The results were recorded and the brown 
colonies were randomly picked and inoculated on 
SDA slants to keep as stock cultures. After two 
transfers on SDA medium at 25 °C for 72 h, test 
strains were examined by assimilation of carbon 
source (API 20C system), tests of urease produc- 
tion and phenoloxydases activities on urea and 
CACA medium for identification of fungal iso- 
lates. Two varieties of C. neoforrnans strains were 
divided by culture of CGB medium, var. neofor- 
mans (CGB-negative) and var. gattii (CGB-posi- 
tive). Finally, serotypes of tested strains were de- 
terminated by slide agglutination tests (Crypto 
Check, Iatron Co.). Five standard strains of C. 
neoformans were used as controls in the tests. 

Results 

Twenty-five random samples of pigeon droppings 
were found positive for C. neoformans in total 36 
samples (Table 1). Fifty-one strains which were 
brown in color on CACA plates were randomly 
selected into stock cultures and then were con- 
firmed as C. neoformans by the tests for identifi- 
cation of fungal isolates. Table 2 shows the results 
of CGB culture of 70 isolates (51 from avian, 
19 from clinical patients). None of the 51 avian 



Table 1. Results  of  isolating C. neoformans from pigeon drop- 
pings 

Devotcotes of  Number  of Isolation Number  of 
pigeons samples + - collected strains 

I 12 8 4 20 
II 12 7 5 20 
III 12 10 2 11 
Total 36 25 11 51 

Table 2. Serogrouping results of C. neoformans strains with 
the method  of culture on CGB medium 

Origin Number  CGB C A C A  Urea  agar 

+ - + - + - 

Clinical 
Shanghai  14 2 12 14 0 14 0 
Nanjing 5 0 5 5 0 5 0 
Avian 51 0 5t 51 0 50 1 

Standard 
Group I a 3 0 3 3 0 3 0 
Group IIb 2 2 0 2 0 2 0 

a Var. neoformans strains including IFM 5854, IFM 5857 and 
IFM 5889. 
b Var. gattii strains including IFM 5855 and IFM 5856. 

isolates were on CGB medium. Two out of 19 
clinical isolates were positive on CGB medium. 
Table 2 also shows the results of culture on 
CACA medium and urea agar respectively. All 
strains tested had a positive reaction for phenol- 
oxydase on CACA medium. Except for one 
strain, fifty avian isolates were positive reaction 
of urease on urea agar. This urease negative 
strain of C. neoformans found in pigeon dropping 
has been reported previously [25]. 

Table 3 shows serotypes of avian and clinical 
isolates. Seventy-tested strains were serotyped by 
factor sera for C. neoformans (Crypto Check, 
Iatron Co.). Eleven out of 51 avian isolates were 
serotyped as AD (22%) and 40 (78%) as A, no 
B or C serotypes were found. Those eleven AD 
serotype strains were smeared again on CACA 
plates and then eleven single colones were repeat- 
edly serotyped to exclude the possible mixture of 
serotype A and AD. Those two strains of sero- 
type B were from patients in Shanghai city. Five 
strains from patients in Nanjing city were sero- 
type A. 

The distribution of A and AD serotypes of 

C. neoformans in pigeon droppings was analyzed 
according to the serotyping results. In 25 positive 
samples of pigeon droppings (reference to Table 
1), six samples contained both A and AD sero- 
type. In other 19 samples, seventeen contained 
only serotype A and two contained serotype AD 
(data are not shown in Table 4). 

Discussion 

It is well known that C. neoformans can be com- 
monly isolated from pigeon droppings or soil en- 
riched with pigeon excreta [15-17]. Pigeons are 
considered to be a carrier of C. neoforrnans and 
to play an important role in the dissemination of 
this pathogenic fungus [18, 19]. As shown in 
Table 1, 69% positive isolation rate was found in 
pigeon droppings in China. This suggests that the 
natural habitant of C. neoformans in China is 
similar to previously reported findings in other 
countries. 

Even though C. neoformans can be subdivided 
into five serotypes or two varieties, until now only 
A/D serogroup (vat. neoformans) strains have 
been isolated from pigeon droppings, even in 
some area where B/C serogroup (var. gattii) are 
prevalent in clinical patients [8, 9, 20]. In 1987, 
it was reported that five serotype B strains of C. 
neoformans were isolated from clinical patients 
in Shanghai city and Jiangsu province [12]. In this 
report, we also found two serotype B strains from 
clinical isolates (Table 3). In fact, Shanghai city 
and Nanjing city are two close cities in the sou- 
theast part of China and enjoy a subtropical cli- 
mate. Therefore we suggest that serotype B (vat. 
gattii) strains are endemic in the southeast part 
of China. On the other hand, we failed to isolate 
serotype B or C (var. gattii) strains from pigeon 
droppings (Table 3). These results suggest that 
var. gattii may be absent in pigeon droppings in 
China, although C. neoforrnans is isolated fre- 
quently from pigeon droppings and var. gattii 
could be isolated from clinical patients in the cor- 
related geographical site of China. 

Recently, it has been implicated by accumu- 
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Table 3. S e r o t y p i n g  r e s u l t s  o f  C. neoformans s t r a i n s  b y  t h e  s l ide  a g g l u t i n a t i o n  m e t h o d  

O r i g i n  N u m b e r  o f  

i s o l a t e s  

S l i d e  a g g l u t i n a t i o n  w i t h  f a c t o r  a n t i s e r a  

1 2 3 4 5 6 7 8 

S e r o t y p e  

C l i n i c a l  

S h a n g h a i  2 + + - + + 

12 + + + - - 

N a n j i n g  5 + + + - 

A v i a n ,  l l  + + + - - 

40  + + + - - 

- - B 

+ - A 

+ = A 

+ + A D  

+ - A 

S t a n d a r d  

I F M  5854  1 + + + - - - + - A 

I F M  5855 I + + - + + - - - B 

I F M  5 8 5 6  1 + - - + - + - - C 

I F M  5957  • 1 + + + . . . .  + D 

I F M  5889  1 + + + - - - + + A D  

Table 4. C o e x i s t i n g  o f  s e r o t y p e  A a n d  A D  o f  C. neoformans 
s t r a i n s  in  o n e  p i g e o n  d r o p p i n g  

S a m p l e  N u m b e r  o f  S e r o t y p i n g  r e s u l t s  

i s o l a t e d  s t r a i n s  A A D  

I-5 7 6 1 

I -6  2 1 1 

1-10 2 1 1 

I I - 2  4 3 1 

I I - 5  3 2 I 

I I - 8  3 2 1 

lated data, that the two varieties of C. neofor- 
roans may have different natural habitats. The 
habitat of C. neoformans var. gattii was correlated 
with a host tree- Eucalyptus camaldulenesis ac- 
cording to Ellis and Pfeiffer [21-23]. In 1992, 
Kwon-Chung confirmed that Eucalyptus-origin- 
ated C. neoformans var. gattii was the same or- 
ganism as those isolated from cases of human 
infections by studies on virulence, serotyping and 
analysis of electrophoretic karyotypes [24]. 
Therefore, it is interesting to compare the pattern 
of serotypes in var. neoformans strains isolated 
from pigeon droppings and those isolated from 
clinical patients. Even though all var. neoformans 
isolates from clinical patients were serotyped as 
A in this study, serotype A and AD strains of var. 
neoformans from clinical isolates were previously 
reported in Jiangsu and Shanghai [12]. In that 
report, 35 isolates of var. neoformans from clini- 

ca1 patients in Jiangsu and Shanghai area were 
serotyped as 32 (92%) A and 3 (8%) AD. In this 
study, 51 isolates of var. neoformans derived from 
pigeon droppings were serotyped into 22% AD 
and 78% A (Table 3). If these two grougs of data 
are compared, it will be found that the serotype 
patterns of var. neoformans isolates from clinical 
source and pigeon droppings are similar. Because 
serotype A and AD strains of var. neoformans 
were commonly seen in the materials from those 
two sources in the southeast part of China,  it is 
suggested that var. neoformans strains in pigeon 
droppings are the important sources of clinical 
infections. 

In Table 4, we present interesting ecological 
information of C. neoformans var. neoformans. 
Two serotypes of var. neoformans (A and AD) 
strains were found coexisting in one sample of 
pigeon dropping. We believe this phenomenon 
has not been reported previously. The signifi- 
cance of this finding still needs to be clarified. 
However, a urease negative strain of C. neofor- 
mans (serotype A) has been found in our early 
researchs [25]. It was isolated from pigeon drop- 
pings collected in dovecote III shown in Table 1 
and Table 2. Another urease negative strain of 
C. neoformans (serotype A) was isolated by 
Ruane et al. from an AIDS patients in the USA 
[26]. According to these findings, we probably 
propose that the phenotype of var. neoformans is 



highly polymorphic in its natural habits and this 
polymorphism of the organism causes a biodivers- 
ity of clinical isolates. 
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