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DISTRIBUTION OF CRYPTOCOCCUS NEOFORMANS
IN A PIGEON HABITAT

Z.HUBALEK

Institute of Parasitology. Czechoslovak Academy of Sciences, Prague

Abstract. Samples of pigeon droppings were taken from 7 sites in a ehurch tower contaminated with
C'. neoformans, and the distribution patterns of the fungus were studied. From various sites, 0 to
3 % 108 viable C. neoformans particles wers recovercd per one gram of dry oxereta. The factors causing
the different density of C. neoformans population in the habilat were: urie acid share of the total
nitrogon, creatinine content, sunlight and probably pH. Chemical composition of the substrate is
the primary factor in the disiribution of C. neoformurns in droppings.

Association of C. neoformans with pigeon droppings is well established now (Emmons
1955; Ajello 1967; Littman and Walter 1968; et al.). There are many laboratory
studies about the resistance of C'. neoformans to several adverse environmental faclors
(Staib 1962, 1963; Tshaq et al. 1968; Littman and Borok 1968; Sethi and Rand-
hawa 1968; Walter and Yece 1968; Bohm et al. 1970; Weiland 1970) but only very
few remarks were published on distribution patterns of the fungus in a natural habitat.

In a foregoing paper (Hubdlek et al. 1971) we reported about the isolation of C. neo-
formans from pigeon exerela in southern Moravia (Czechoslovakia). In the present
contribution, an attempt has been made to delermine €. neoformans distribution in
the same habitat.

MATERTAL AND METHODS

Habitat. The pigeon habitat is located in the small village Popice (district Bieclav) with 950 inhabi-
tants, with 63 %, working m agriculture. The village is surrounded by fiolds and is situated at 196 m
nbove sea-lovel. The main population of feral pigeons resides in the church (about 20 pairs of
birds in 1970), smaller breeding places are scattered throughout the village, The church population
has persisted for at least 3 years. The church tower is about 30 m high, and in its inside parts a quite
good air eirculation and un aceess of restricted diffuse day light are provuled through 4 great skylights
with Venetian blinds, seven very little windows about 15 %15 em and one opening 70 x 70 em at
the top of the dome. The latter serves the pigeons as the sole entrance into the tower. The stone
tower i2 build in & baroque style, in the inner part abundant rafters are present, and the dome is
covered with a motal-plating (Fig. 1).
Sample collections. Samples of droppings were colleeted on 26th Junuary 1971 in the church tower,
and the sites where colloetions were made aro shown in Fig, 1. All the microlocalities except No. 7
(the outer surface of the dome) were situated inside the church tower. The weather was mild for
several days (daily temperature of about .| 7 °C), without. a snow cover. Monthly weather values
in the wrea are recorded in Table 1. )

The droppings were collected with flamed tweezers into sterile cork-stoppered tubes and processed
on the following day afler a storage at -+4 °C.
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C. neoformans mn'nh .50 g of each sample was weighted into a sterile 100 ml-Erlcnmeyor flask
with glass beads; 25 ml of saline solution supplemented with Tween 80 (0.05 %), penicillin (500 i.u./
jml) and streptomyein (500 pg/ml) was added and shaken for 10 min. Serial tenfold dilutions were
prepared and each 0.2 ml were streaked on § plates of Sabouraud glucose agar with yeast extract
(0.1 %) and ehloramphenicol (0.01 95), and on 3 plates of Guizotia agar (Shields and Ajello 1966).

Colony eounts were read afler 4. -.luy ineubation at 37 “C; all types of yeast eolonies were microseopi-
cally sereened and the suspicious ones were isolated and further determined. The eriteria for the
ientifiention of €. neaformans ineluded: spherical cells, no pseudomycelium, good growth at 37 “C,
urease produection, brown pigment on Guzotia agar, and creatinine assimilation. In selected strains,
the mouse pathogeniecity was verified.

Fig. 1. The pigeon habitat with the sampling sites recorded
The sites No. 1—6 are insido the tower, while site No. 7 is placed on the outer surface of the
dome. O = opening (in-and-out opening), B = belfry.

Dropping extraets. 4 9, (w/v) suspensions in 0.01n— HCI were prepared of pulverizod dry droppings,
heated in a 95 °C water bath for 30 min., neutralized and centrifuged. The supernatant was used
as the sole nitrogen sourece for the growth of C. neoformans: cach 2.5 ml of scrial dilutiona wore added
to 2.5 ml of the basal medium (glucose 4.0 9, KH,PO4 0.3 9, MgSO, . 7H,0 0.1 9%, Call; . 2H,0
0.05 %. NaCl 0.056 %, FeSO, . TH,0 0.002 9, yeast extruct Difeo 0.004 9) in aluminium-capped
tuboa, autoclaved at 120 °C for 20 min, and inoculated with 0.06 ml of C. neoformans 722 (an isolate
from the same habitat) saline snspension with 2 % 107 eells/ml. ‘This inoculum was grown on Sabourand
glucose agar at 26 "C for 72 hours, suspended in suline, starved for 12 hours at 26 “C and washed
threc times (5 min. at 400 g). Incubation of the test cultures was strictly stationary, for 72 hours at
26 °C in a dark thermostat. The density of cells was then eounted in Burker’s hacmocytometor,
plnued against tho individual extract coneentrations, and the wvalue ¢jpq, of oxtract dry weight
(in 9 [w/v] of the suspension), which resulted in a tenfold, number of C. neaformans cells in compuri-
son wlt.h the blank (dy, the inoculum in the medium wllh no extract of droppings) after the incu-
bation, was read from the graph.
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Tahle 1. Climatic conditions of the area studicd

1970 ! 1971

July ' Aug.

' | T
Sepl. Oet, Nov. | Dee. | Jan. ! Feb,

i S ___i S | _— N
| Air temperature ((): l : |

| Average 18.8 18.3 13.9 ,  R7 6.0 0h - 28 1.2 |
Maximum 42 a0 | 28 | 23 . 21 | T
Minimuam 9 i -8 | —4 | =2 15 |22 |—1lo

' Relativo air humidity (%) 72 i T4 81 , S0 g6 | w3 76

" Total proaipitation (mm) 69 41 ih 18 iR 19 | 256 (
Sunshine (hours) 224 205 ‘ 108 113 ' 44 I 26 i ah i 108 |

S o Lo T SRR N SR, | -

Water cantent of droppings was determinod by the standard method, and expressed on the wet
weight basis. pll was measnred in a small volume of distilled water, using pH-meter PHK (ZP’A
Prauha).

Total nitrogen was determined necording to Kjeldahl.

Urie avid. 5 ml of 0.05n-NaOH was added (o 50 mg of & dry sample. the suspension was heated at
96 “C for 15 min., supplied with wator to 5.0 ml, and eentrifuged. 0.2 ml of phosphowolframiec aeid
(Na; WOy, . 2H,0 4.0 Y, HiPO4 6.5 %) and 0.8 ml of 20 Y%, NayCO; were addod to 1.6 ml of the neutra-
lized and diluted supernatant. The extinelion was measured after 10 min. al 650 nm, using Spekol
(VEB Carl Zoiss Jena), Standard (urie acid puro A. R. Koch-Light) was treated as the samples,
Creatinine. | ral of (.04 m-picric acid and 0.2 ml of 10 Y, NaOH were added to 3 m! of the superna-
tant, and measured at 520 nm after 15 min. Standard (creatinine puriss. Fluka) was trealed as the
samples,

Tower microclimate was analysed on 17th February 1971 (this was o cloudy day with drizzle and
temporature of 3 °CY). Air humidity was measured by Assmann’s aspiration psychromoler, air tom.
perature by a mercury thermometer divided at 0.1 “C. Light intensity was determined using the
lixmeter Metru.

RESULTS

The frequency of C. neoformans is ghown in Table 2. The fungus was not uniformly
distributed throughout the habitat: its population was the highest on site No. 5 (2.93 x 105
cells per one gram of dry droppings), lower counts were obtained from sites No. 4, 3, 6,
very low from the microlocality No. 2, while on sites No. 1, 7 no viable cells of
C. neoformans were found. The belfry (No. 3, 4,5, 6) was the most satisfactory space for
the recovery of C'. negformans.

In the last column of Table 2, a coincidence is evaluated hetween the numbers of
C. neoformans and variable changes of the habitat, using rank corrclation coefficient 7
(Kendall 1943). From this statistical comparison follows the striking and significant
(P < 0.001) positive corrclation between the population density of . neoformans
and the nutritive value of the dropping extract for the fungus. This is conditioned pre-
dominantly hy the content ol nitrogenous compounds, the major part of which forms
uric acid in pigeon exerela (according to our results, about 2/3 or 3/4 of total N is wuric
acid N). A significant (/7 < 0.01) correlation was found between urie acid share in
total N and the counts of C'. neoformans, and also between the concentration of creatinine
and the counts in droppings (£ < 0.05). Morcover, we disclosed a correlation (P < 0.01)
between the C. negformans counts and the frequency of the new excreta dropped on
the site (this ensures a supply of nutrients). The other correlations were statistically
insignificant, but certain trends may be followed. On the whole the tower microclimate
responded to the outdoor climate, and the temperature and humidity differential of
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the air inside the tower is so small, that it should not be the cause of count differences
in the individual samples. The illumination, however, plays a role in the distribution
patterns of C. neoformans: the microlocalitics exposed to direct sunlight (No. 7, 2) were
free or almost free of this fungus. Water content of the positive samples was 50 to 60 2
and pH 6.4—7.2. In our first report (Hubdlek et al. 1971), however, C'. neoformans
was isolated from a sample (eollect. Aug. 1, 1970) with as little as 9.6 9 of water and
pH 6.1. It is possible that the reaction of pH 7.2 and higher was an adverse factor in the
distribution of C. neoformans (see samples No. 1, 2).

Table 2. A survey of somo variables in the pigeon habitat

| Sites No.: NENE 4 5 6 7| }
| . I | e s s Rank !
No. of viable ' Soxrdth: |
C. neoformans particles l ' Won 6= |
2,08 P 0 <01 ! 285 | 69.5 203 | 21.0 0 | efficient
per | g of dry wt.
{ % 103) ' ‘ A ,
e — s e — -|
. | !
Frequency of pigeon , |
oceurrence o - i s | e + > t $ {
o Bty I ! - | . S .
| Droppings: { ' 1
Layer (em) | 2 6 4 8 ] 4 2 1
Frequenoey of falling | \ ; E'
(requence) ‘ 7 | D 1 2 1 3 {6 L—}-U.E_J i
Water content (V) I 51.8 48.0 40.2 l 43.2 41.0 nB 28.3 —0.048 |
pH 19 | 72 | 70 | 64 7| 69 | &5 | —038
| C. neoformans growih |
' in extract
(C10do %0) 047 039 026 | 024 | 021 027 068 [ 05|,
Total nitrogen ' '
oL dry wt.) 2.15 5.02 i 3.90 3.17 5.71 8.60 | 5.59 +0.09 {
Urie neid { '
(9, dry wt.) 1.04 0.19 | 7.28 7.36 © 13.14 | 14.36 8.84 -4 0.29
% of uric acid N _ L
from tho total N 18.1 ' 610 623 | 775 | 76.7 | 867 | 52.8 | [F0.76]
Creatinine ' o
(% dry wt.) 0.04 012, 016 018 | 020| 017 | 0.16 | |+0.67]
o° of creatinine ~ -
“from tho total N 0.60 | 090 | 147 210| 127 075 | 130 +0.48
— -&__ S BRSRe: R e
Microclimate: ! ' ‘ !
Air temperature (°C) | 3.2 l 3.2 3.6 3.3 3.2 32 | 3.0 +0.38
Rolative air humidity | !
(Y% 87.7 86.2 84.8 86.2 87.7 | 90.8 92.2 —0.29
. Light intensity (L.x) | <0.1 |240 03 1.0 0.2 0.1 i 5400 | —0.09 |
I . '. _ sl I, | IO S o

Remark: Correlation coelficients in frame are significant (P < 0.05).

Optimal conditions could be specified for the oecurrence of €. neoformans in the
habitat: A site illuminated with markedly restricted, diffuse day light, supplied regu-
larly with fresh excreta; pH of droppings 6.4—7.0, their water content about 40 %,
the share of uric acid N in total N about 75 %, creatinine content 0.2 9,
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DISCUSSION

Bird excreta are highly concentrated in cations (Ca, K), phosphates, carbohydrates
and nitrogen. About 70 Y, of the nitrogen in fresh avian excreta will be in the form of
uric acid; this compound is present at approximately 56 9, of the total organic matter
(Hutchinson 1950). Wagner and Franzen (1959) analysed nitrogen of chicken
droppings and found 56.2 % uric acid N, 21.1 % ammoniacal N, 0.4 %, creatinine
and/or creatine N, 0.2 9% urea ~.

Staib (1962), Walter and Yee (1968), and Littman and Borok (1968) observed
that pigeon excreta provided nutrients enabling abundant growth of C. neoformans.
Low-molecular nitrogen substances play a key role in the growth of the fungus in
avian droppings (Staib 1962). On the contrary to the majority of other yeasts including
nonpathogenic eryptococei, creatinine assimilation is a specific feature of C. neoformans
(Staib 1962; Kreger-van Rij and Staib, 1963: van Uden et al., 1964). The species
hydrolyses or assimilates also other N constituents of avian excreta: urie acid, allantoin,
ammonium, urca, xanthine, guanine (Seeliger 1956; Staib 1962; van Uden et al.
1964; Lockwood and Garrizson 1968).

Bird droppings constitute one of the most prominent source of €. neoformans in
nature. The concentration of the fungus in pigeon excreta may be considerable —
3 x 105 viable parlicles per one gram of dry material were ascertained in this study.
As the total amount of droppings on sites No. 3 to 6 was approximately 100 kg, the
total number of viable C. neoformans particles could be in fact as high as 1010 in the
whole habitat. This is certainly an enormous number, with a possible epidemiological
impact. Powell et al. (1972) counted 7.5x 105 C. neoformans particles per gram of
crushed pigeon excreta collected from the belfry of a church. L mmons (1960) estimated
that each gram of dry pigeon droppings contained 5x 107 viable (. neoformans cells.

The question arises about the origin of this fungus in pigeon excreta. Feral pigeons
were found to be mechanical carriers of €. neoformans (Littman and Borok 1968;
Weiland et al. 1968) and the fungus survived well the passage through the gastro-
intestinal tract of birds including pigecons (Staib 1962; Littman and Borok 1968;
Sethi and Randhawa 1968; Monga et al., 1971). It is almost certain now that
C'. neoformans may accidentally be inoculated into a previously uncontaminated layer of
dropped excreta by a bird ingesting the organism with contaminated food, via defecation.
Because pigeon droppings are a favourable substrate for €. neoformans, a rapid multi-
plication of the fungus follows. The selective action of dropping medium could he
conditioned cither by the stimulatory effect of several basic compounds (N-substances,
salts, phosphates) of the excreta on C. negformans, or by an inhibitory effect, of these
compounds on other organisms. In our opinion, both these mechanisms of action
occur simultaneously, enabling thus a high competitive rate of C. neoformans on this
substrate.

However, many factors limit the population density of €. neoformans in droppings.
Alkalinization of cxcreta (in consequence of microbial activity) is an adverse factor for
the fungus. Staib (1962) ohserved no growth of C. neoformans in a medium with drop-
ping extract, if pH was 8.0 and more. Walter and Yee (1968) found that a chicken-
dropping infusion inhibited the growth of C. neoformans at pH 7.5 and more (increased
pH of chicken manure is considered to be one of the factors responsible for the abhsence
or rare occurrence of C. neoformans). Mosberg and De-Chaudens (1951) and Ho-
ward (1961) observed no appreciable growth of C. neoformans if the reaction of Sa-
bouraud medium was alkaline (pH 7.3 or more). All these results together with the
finding in our study indicate that pH 7.2—7.5 and more is unsatisfactory for the
multiplication of €. neoformans in droppings: an optimal pH value will be about 6.2—6.9.
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Another factor is the temperature. €. neoformans is resistant to low temperatures:
it grows at - 4 °C, and Cramer and Mix (1957) observed a 5-year survival of fungus
cultures at —18 “C. Resistance to higher temperatures is also well-developed (Staib
1963; Littman and Borok 1968). However, Ishaq et al. (1968) found that €. neofor-
mans survived much longer in the soil at 4— 24 °C than at 37 °C; the growth and survival
of the fungus was better nnder winter than under summer conditions in Oklahoma
coupled with cooler winter temperatures, high relative humidity enhanced the proli-
foration of €. neoformans.

Resistance of €. weaformans to desiceation was studied by a number of authors.
Staib (1963) demonstrated that the fungus survived 420 days storage in dry canary
excreta, and Littman and Borok (1968) observed a protective effect of pigeon exereta
extract on C. neoformans survival wWhen compared with saline: in the former if desiceated
the fungus survived 390 to 680 days.

The sensitivity of C. neoformans to direct sunlight was indicated by several authors.
Emmonsz (1960) recovered (. neoformans more often from specimens of organic debris
collected from sheltered sites, and Denton and Di Salvo (1968) confirmed this dis-
tribution pattern of the fungus. Also Littman and Schneierson (1959) noted that
pigeon faeces colleeted from ouldoor sites were less heavily infected (25 Y4 positive) than
specimens taken from indoor sites (57 9, positive). Ishaq et al. (1968) inoculated
(. neoformans into tubes with soil and found a marked decrease in the number of viable
cells after 6 months in the tubes exposed to sunlight, while in the tubes covered with
a black bucket the decrcase was relatively slight. Inhibitory action of direct sunlight
was established in an experiment by Bolim et al. (1970): after a 6-day desiccation of
(', neoformans suspension in sterile sand soil under direct sunlight, a 10—100 fold
deercase in the number of viable fungus particles was found in comparison with the
desiceation in a dark thermostat. In our study, the samples collected on sites illuminated
regularly yielded very low counts or the fungus was absent. Nevertheless, exact data
about this influence are still nceded becanse no clear-cut division has usnally been
made between three components of the sunlight action, viz. radiation (U, V., visible
light, cte.); heating; and desiceation.
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PACHPOGTPAITEIINE F'PHBRA CRYPTOCOCCUS NEOFORMANS
B MECTE OBHTAHIH FOJANBEN

d. PyGanen

Peawone. 1127 MerT B Koa0koaL0e nopaskennoi rpuGron C. neoformans mnmia npoist ronyGunoro
HOMOTI ¢ NETHIO IEVHCHNS NAPARTCP paciipoc Tpanemint a7oro rpaoka. Ha | rpamM cyaoro
HOMCTA I3 DAY MECT Baxouem ot 0 e 3 108 sguzfecnocoOuux yactun C. neoformans.
Danropasmu, oGy ORI AA NI PAZHVIO WWIOTHOCTE NONY. s C. neojormans B TAHHOH ¢ oe
SRIICLD 0050 MOYCBOIT KHCAOTH B 0GHIEM 43010, COJCPHKAHRE KPeaTHnnD, CONHeUHMIl cBer
i sepostio pll Foassus axTopos pacnpocrpattienng C. neaformans B OMETC SBIHICH XIMI-
NECKHI COCTaR CYOeTpaTa.
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