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Direct and synergistic hemolytic reactions triggered by
indoor airborne mold

Malee Mekaprateep, Siriporn Chongkae and Nongnuch Vanittanakom
Department of Microbiology, Faculty of Medicine, Chiang Mai University

Objective Adverse human health effects from indoor fungi probably result from exposure to spores,
fungal fragments, and their metabolites. Some fungi take advantage of hemolytic factors production
for acquisition of the iron required for growth and survival in the host environment. To examine com-
mon types of airborne molds and their hemolytic reactions, air samples were collected from build-
ings in each of three seasons (hot, cool, and rainy) during the period January 2008 to October 2009.

Methods Samples were obtained using a modified air collector and the settle plate method. Isolated
molds were tested for their ability to produce hemolytic factors directly on complete solid media
supplemented with either human or sheep blood. Along with direct hemolytic activity, Aspergillus or
Penicillium isolates were simultaneously tested for their cooperative hemolytic (CAMP-like) reac-
tions with four common bacteria found in the respiratory tract.

Results Cladosporium was the predominant mold throughout the year, but it was found at higher
concentrations in the cool season. It was followed in abundance by Aspergillus, but was found in
higher concentrations in the hot and the rainy seasons. One third of the common mold-tested iso-
lates, including Aspergillus, Cladosporium, Fusarium, Penicillium, and non-sporulating mold, could
lyse human blood better than sheep blood at 28°C and/or 37°C with the exception that all Clad-
osporium and some Penicillium tested could not grow at 37°C. Most of the tested mold isolates
had synergistic CAMP-like reactions with Staphylococcus aureus or Streptococcus pneumoniae on
sheep blood agar, but reactions with Streptococcus pneumoniae were varied.

Conclusions Common indoor airborne mold found throughout the year were Cladosporium, As-
pergillus, Penicillium, Fusarium, and non-sporulating mold. One third of the common mold-tested
isolates had hemolytic activities on human blood better than sheep blood. Most of the Aspergillus
and Penicillium isolates had synergistic hemolytic reactions on sheep blood with Staphylococcus
aureus. Chiang Mai Medical Journal 2018;57(3):143-50.
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Introduction

Microfungi are commonly found in the en-  because of their small size. Mold spores are
vironment. Many species are able to disperse  ubiquitous in the outdoor air but can also be
their spores and hyphal fragments into the air ~ found indoors as they enter the indoor envi-
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ronment from the outdoor air. In the home or
workplace where there is moisture or moldy
material, the level of exposure is higher than
in other indoor areas. In many reports of build-
ing-related ilinesses, fungi were suggested as
a useful indicator of indoor air quality (1). In
an indoor environment, the toxic effects and
irritations probably are the result of a chronic
or high level of exposure to airborne spores,
hyphal fragments, and their metabolites. Many
species have beenreportedto produce metabo-
lites into indoor air including volatile organic
compounds, mycotoxins, and hemolysins.
Hemolysin generally acts by creating pores in
cell membranes and is produced by many in-
door molds (2-4). One advantage for microor-
ganisms of producing hemolytic factors is the
acquisition of iron which is required for their
growth and survival in the host environment.
Vesper and colleague (4) demonstrated that
stachylysin, which is produced by the toxigenic
fungus Stachybotrys chartarum, caused pores
in sheep red blood cell membranes. In addi-
tion, when injected into Lumbricus terrestis,
the erythrocruorin hemoglobin was released
resulting in a lethal effect (5). Hemolytic activi-
ties have also been reported in various patho-
genic fungi and some endemic fungi (2,6)
such as Histoplasma capsulatum, Cryptococ-
cus neoformans, Trichophyton rubrum, Tricho-
phyton mentagrophytes, Candida albicans (7),
and Malassezia sp. (8). Along with the hemol-
ysis resulting directly from hemolytic factors,
Schaufuss and colleagues (9) demonstrated
the enhancement of hemolysis indirectly via
cooperation between some dermatophytes
and skin bacterial flora. A potential coopera-
tive interaction between mold and bacteria in
the upper human airway may be an alternative
avenue for lysing red blood cells and other lin-
ing cells. In this study, we examined the types
of airborne mold found during three different
seasons in academic buildings in Chiang Mai
Province in northern Thailand. We determined
on solid media whether those common molds
could secrete factors capable of lysing red
blood cells directly to acquire iron and also
whether they could cooperate with some com-
mon bacteria found in the respiratory tract,

e.g., Staphylococcus aureus, to indirectly lyse
red blood cells.

Methods

Air sampling and mold identification

To determine the quantities and types of airborne
mold found in different seasons, indoor air samples
were collected using the settle plate method and a
modified air collector. The air collector used in this
study was modified from a small electric sweeper in
which the suction speed was adjusted equal that of a
modified Anderson sampler (10). The aerosol fungal
fragments and spores contained in an air volume of
0.025 m® were transferred directly via suction onto the
surface of a Sabouraud dextrose agar (SDA) plate
over a period of 30 seconds. The air samples were ob-
tained from locations approximately three meters apart
in a closed atmosphere. Simultaneously, SDA plates
were placed at the same spot as the modified air col-
lector and left there for 15 minutes. Air sampling was
performed in January 2008, April 2008, and October
2009, representing the cool, hot, and rainy seasons,
respectively. Three complete air sample collections
were done in each of the three seasons from three
different rooms which had a possibility of moisture or
visible mold including two lecture halls (B and C) and
a microbiology preparation room (D). Two additional
air samples were obtained in cool and the hot seasons
from two additional workplaces in academic buildings
(A and E). All sampling sites were located in buildings
of the Faculty of Medicine and the Faculty of Associ-
ated Medical Science, Chiang Mai University. The rela-
tive humidity (RH) and temperature (°C) in each room
were measured simultaneously once during air sam-
pling. Molds were counted, isolated, and identified by
genera based on the characteristics of their colonies
and microscopic morphologies.

Hemolytic activity assay

To determine whether certain airborne molds could
lyse red blood cells on solid media, mold isolates were
inoculated on SDA or Tryptic soy agar (TSA) plates
supplemented with 5% human blood (Blood Bank of
Maharaj Hospital, Chiang Mai University) or sheep
blood [(defibrinated with citrate phosphate dextrose
adenine (CPDA-1)]. The plates were incubated at one
of three different temperatures, 28°C, 37°C, or 28°C for
three days and were then continuously grown at 37°C
(28°C was increased to 37°C), and observed daily for
ten or more days. Hemolytic activity was demonstrated
by clear zones of hemolysis surrounding or beneath
the colony.
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Cooperative hemolytic (CAMP-like) reaction assay

To determine whether cooperative (CAMP-like)
hemolytic reactions can be triggered by Aspergillus or
Penicillium with some common bacteria found in the
respiratory tract, CAMP-test, modified from Schaufuss
et al(9), was performed using strains of airborne As-
pergillus or Penicillium, four clinical bacterial isolates
(Staphylococcus aureus ATCC25923, Streptococcus
pneumoniae ATCC49619, Streptococcus pyogenes
GA3 and Staphylococcus epidermidis SP350), and
TSA supplemented with red cells from either human or
sheep blood. After the tested mold was inoculated and
incubated at 28°C for three days, each type of bacte-
rium was streaked in a straight line across the plate
approximately 15-25 mm distant from the mold colony
and was then incubated for an additional seven days.
As a known CAMP-like positive reaction with S. au-
reus, a Rhodococcus equi (soil isolate) was streaked
in a straight line two to three cm in length at a right
angle of bacterial line and incubated for an additional
24 hours. Cooperative hemolytic reaction was demon-
strated by a hemolysis zone between the mold colony
and the bacterial colony.

Results

Amounts and types of mold in academic
rooms and workplaces

The average colony-forming units (CFU)/m?3
(mean and standard deviation) of the total cul-
turable indoor mold colonies calculated from
the three rooms (B, C and D) with air samples
collected in the cool, hot and rainy seasons
using a modified air collector were calculated
to be approximately 1423+1285 CFU/m? (cool
season), 919+843 CFU/m? (hot season), and
605+284 CFU/m?® (rainy season). Molds col-
lected included Alternaria, Aspergillus, Bipo-
laris, Chaetomium, Cladosporium, Curvular-
ia, Fusarium, Penicillium, Trichoderma, and
non-sporulating mold. Cladosporium was the
predominant genus, followed by Aspergillus,
Fusarium, and Penicillium species (Figure 1).
To isolate pure mold colonies for hemolytic
activity assay, simultaneous air sampling with
a settle plate was performed. Using the settle
plate method, not only pure colonies but some
additional types of mold which could not be
isolated using the modified air collector were
able to be isolated including Acremonium, Ar-
throbotrys, and Scopulariopsis.
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Figure 1. Average seasonal indoor mold ratios ob-
served in three rooms (B, C, and D) in the cool, hot,
and rainy seasons

The most common types of mold found in
the indoor atmosphere included Cladosporium,
Aspergillus, Penicillium, and Fusarium, with
variations in the amounts and types among the
rooms and in different seasons. Cladosporium
predominated in all seasons but was highest
in the cool season. Aspergillus was most prev-
alent in the hot and rainy seasons, as were
Penicillium, Fusarium, and non-sporulating
molds.

Hemolytic activity of indoor mold on hu-
man and sheep red blood cells
Approximately one-third of each species of
common indoor mold isolates tested, includ-
ing Aspergillus, Cladosporium, Curvularia,
Fusarium, Penicillium as well as non-sporulat-
ing molds, were identified as hemolytic activity
positive with human blood (Figure 2a). Char-
acteristics of HA positive strains incubated for
ten days varied in terms of genera and isolates
(Figure 2c). Although Cladosporium was the
predominant genus and had hemolytic activity
on human blood agar at both 28°C and 28°C
increased to 37°C, they were all heat intoler-
ant when initially germinated at 37°C. In con-
trast, although there were fewer Aspergillus
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Table 1. Characteristics of hemolytic activity of common molds during growth on human blood agar at

different temperature of 28°C and/or 37°C

28°C 37°C 28°C to 37°C
3d 6d >90d 3d 6d >9d 3d 6d 29d
Aspergillus - - - - ~ + . - n
Cladosporium 1 - - + X X X - ~ -
2 ~ - + X X X - ~ ~
3 - ~ + X X X - ~ +
4 - ~ ~ X X X - ~ ~
5 - ~ ~ X X X - ~ +
6 - - - X X X - ~ +
7 - - - X X X - ~ +
Fusarium 1 - - - - - ~ - _ +
2 - - - - - - - - -
Penicillium 1 - - ~ - ~ + - - +
2 - - + X X X - + +
3 = ~ ~ + + - + +
4 - + X X X ~ + +

“;spore germinated initially at 28°C for 3 days and continuously grown at 37°C , -; no activity,
~; incomplete hemolysis, +; complete hemolysis, -; no growth, n-not done

and Penicillium than Cladosporium, they could
lyse red blood cells at 28°C, 37°C, or 28°C in-
creased to 37°C, with the exception of some
Penicillium isolates (Table 1).

Synergistic hemolytic reactions of indoor
mold with S. aureus or S. pneumoniae
Synergistic cooperative hemolytic reactions
of Aspergillus or Penicillium with S. aureus on
SBA were shown as a half-moon-shaped he-
molysis within the a-hemolytic zone of bacte-
ria, e.g., Asperqgillus (Figure 2d-ii) and Penicil-
lium (Figure 2d-vii). A synergistic zone of an
Aspergillus sp. also occurred on HBA, but with
quite much less reaction (Figure 2d-i). The
synergistic hemolytic zones of Aspergillus with
S. pneumoniae were shown as a slightly half-
moon shaped clear zone below the bacterial
colonies (Figure 2d-iii). No CAMP-like reac-
tion could be detected between Aspergillus or
Penicillium and S. epidermidis or S. pyogenes.
In Figure 2b, a CAMP-like test with sheep
blood, synergistic hemolytic reactions were
identified in most isolates of Aspergillus or
Penicillium with S. aureus, but the results were
varied when tested with S. pneumoniae, es-
pecially in Penicillium. In HA positive strains,
all tested Aspergillus and two thirds of Peni-

cillium had CAMP-like reactions. Interestingly,
most HA negative strains of Aspergillus and
Penicillium also had synergistic hemolytic re-
actions with S. aureus, but the reactions were
weak. Only some of the isolates of Aspergil-
lus, but none of Penicillium, had reactions with
S. pneumoniae. No CAMP-like reaction could
be detected with human blood in any of the
tested fungal strains with the exception of a
weak reaction with one strain (Figure 2d-i).

Discussion

The airborne mold count varied normally
with the geographic location and seasonal
period. The average culturable indoor mold
counts found in this study were approximately
1423+£1285, 9191843 and 605+284 CFU/m3
collected in the cool, hot, and rainy seasons,
respectively. A large variety of fungal species
can be found in indoor air. The most common
genera are Alternaria, Aspergillus, Cladospori-
um and Penicillium. A study in Chiang Mai
Province, Northern Thailand by Tankaew et al
(11) reported that Aspergillus, Cladosporium,
Mucor, Rhizopus, Penicillium, Scopulariopsis,
Fusarium, and non-sporulating mold were iso-
lated from hospital operating rooms and class-
rooms before cleaning. In this report, Acre-
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Figure 2. Hemolytic reactions of common indoor mold on complete solid media supplemented with human (HBA)
and/or sheep (SBA) blood cells. a; ratio between total tested mold and HA positive incubated at 28°C to 37°C.
b; ratio between HA pos. and HA neg. of Aspergillus and Penicillium, and synergistic hemolytic reactions with
Staphylococcus aureus and Streptococcus pneumoniae at 37°C. In an Aspergillus sp. (A) and a Penicillium sp.
(P), c; characteristics of HA in 10 days. d; cooperative hemolytic reactions between mold (A or P) and four distinct
bacteria (B) on SBA (ii-v and vii-x) and/or HBA (i and vi) showed synergistically clear zones only with S. aureus on
SBA, Rhodococcus equi (C) was used as a control.

monium, Alternaria, Arthrobotrys, Aspergillus,  found in indoor air throughout the year. In the
Bipolaris, Chaetomium, Cladosporium, Curvu-  rainy season, although the higher relative hu-
laria, Fusarium, Penicillium, Scopulariopsis,  midity may be suitable for mold growth, some
Trichoderma, and non-sporulating mold were  spore and fungal fragments have been shown
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to be less aerosolized than in other seasons.

Mold spores and small hyphal fragments
can produce allergens, volatile organic com-
pounds, and metabolites including mycotoxin
and hemolytic factors. Their fragments and
metabolites can cause diseases in atopic and
immunocompromised individuals and may
cause toxic effects and irritation in healthy in-
dividuals. Although indoor mold may cause ad-
verse health effects, the severity of the impact
depends upon the type and amount of mold
present as well as the susceptibility and sensi-
tivity of the individual to exposure to mold. The
effect of the level of mold exposure on health
was reviewed by Eduard (12) that respiratory
symptoms and airway inflammation in highly
exposed working populations began to appear
at exposure levels of 10° spores/m3. Thus, at
mold exposure levels of diverse mold species
less than 10° spores/m?, such as found in this
study, might not affect fairly on health in non-
sensitized populations.

In this study, the spores of isolated indoor
molds were germinated initially at room tem-
perature for three days and then grown for a
further seven days at 37°C to observe their
hemolytic activity. We found one half the com-
mon airborne indoor molds presented greater
hemolytic activities when cultured on solid
media supplemented with human blood than
with sheep blood. Of these, Cladosporium
spp. were hemolytically active, but they could
not survive and grow at 37°C, whereas most
species of Aspergillus and Penicillium could
grow and hemolyze well at this human body
temperature as reported previously (3,13,14).
Some common airborne Aspergillus and Peni-
cillium species have been reported to produce
hemolytic factors (2) including A. fumigatus,
A. niger, A. terreus, A. flavus, A. clavatus, A.
nidulans, A. oryzae, and P. chrysogenum. Well
characterized Asp-hemolysin produced by A.
fumigatus, which has often been suggested as
being involved in fungal virulence, was found
to be a major secreted protein during growth in
minimal medium despite no hemolysis, cyto-
toxic and attenuation in virulence in the mutant
strain (15). However, hemolysins produced by
A. niger and P. chrysogenum have been found

to have adverse effects such as toxicity in
mouse neuron cells (14) and increased pro-
duction of macrophage inflammatory protein-2
(MIP-2) (13), respectively. Sago-contaminated
mold, particularly Penicillium citrinum, based
on the frequency of isolation from sago starch
and their hemolytic activities on sheep and hu-
man blood agar, has been identified as a pos-
sible candidate in the etiology of sago hemo-
lytic disease (SHD) which affects people in
rural Papua New Guinea (16).

In addition to the direct production of hemo-
lytic factor, the ability to lyse red blood cells
through CAMP-like reactions might be an alter-
native for molds to acquire iron. In this study,
although most of the Aspergillus and Peni-
cillium tested could lyse human blood better
than sheep blood, cooperative hemolytic
reactions of many Aspergillus and Penicil-
lium with bacteria could be generated well on
SBA. Most Aspergillus and Penicillium, either
hemolytic activity-negative or -positive, could
generate synergistic CAMP-like reactions with
S. aureus, but the reactions with S. pneumo-
niae were varied. Synergistic hemolytic reac-
tions between dermatophytes and S. aureus,
Staphylococcus intermedius, or Listeria ivanovii
have been previously reported (6); however,
this study is the first report of synergistic
hemolytic reaction between Aspergillus or
Penicillium and S. pneumoniae. Further study
on CAMP-like reactions between more strains
of indoor or pathogenic molds and S. pneu-
moniae are needed to confirm this interaction.

In conclusion, Cladosporium was predomi-
nant throughout the year, with higher levels
in the cool season, while Aspergillus as well
as Penicillium, Fusarium, and non-sporulat-
ing mold were found to be more abundant in
the hot and rainy seasons. Hemolytic activity
could be detected on human blood agar better
than sheep blood in many types of common
airborne molds, predominantly Cladosporium.
Most of the Aspergillus and Penicillium iso-
lates tested not only had hemolytic activity but
also had synergistic hemolytic reactions on
sheep blood with some common bacteria, par-
ticularly S. aureus. The information obtained
in this study may be helpful in understanding
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indoor airborne mold exposure for public
health monitoring. Further studies on purifica-
tion and characterization of hemolytic factors
and CAMP-like factors produced by certain
airborne Aspergillus and Penicillium may lead
to a better understanding of the involvement of
these fungi in terms of cytolytic activities in red
cells and other cells in the respiratory tract.

Acknowledgements

This research was funded by the Faculty of
Medicine, Chiang Mai University. We would like
to thank Associate Professor Prasit Tharavi-
chitkul and Miss Piyawan Takarn for providing
bacterial samples, Assistant Professor Bong-
kotwon Sutabhaha for providing the modified
air sampler and mold identification methods,
and Miss Sumonrat Kaveemongkonrat for her
help in air sampling, mold identification, and
CAMP test, and Dr. Kwanijit Duangsonk for in-
terpretation of the CAMP tests.

References

1. Cabral JP. Can we use indoor fungi as bioindi-
cators of indoor air quality? Historical perspec-
tives and open questions. Sci Total Environ.
2010;408:4285-95.

2. Nayak AP, Green BJ, Beezhold DH. Fungal hemo-
lysins. Med Mycol. 2013;51:1-16.

3. Van Emon JM, Reed, AW, Yike |, Vesper SJ. ELI-
SA measurement of stachylysin in serum to quan-
tify human exposures to the indoor mold Stachy-
botrys chartarum. J Occup Environ Med. 2003;45:
582-91.

4. Vesper SJ, Magnuson ML, Dearborn DG, Yike I,
Haugland RA. Initial Characterization of the He-
molysin Stachylysin from Stachybotrys chartar-
um. Infect Immun. 2001;69:912-6.

5. VesperSJ, Vesper MJ. Stachylysin may be a cause
of hemorrhaging in humans exposed to Stachy-
botrys chartarum. Infect Immun. 2002;70,2065-9.

10.

1.

12.

13.

14,

15.

16.

Hemolytic Reactions of Indoor Airborne Mold 149

Schaufuss P, Steller U. Haemolytic activities of
Trichophyton species. Med Mycol. 2003;41:511-6.
Luo G, Samaranayake LP, Yau JY. Candida spe-
cies exhibit differential in vitro hemolytic activities.
J Clin Microbiol. 2001;39:2971-74.

Juntachai W, Kummasook A, Mekaprateep M, Ka-
jiwara S. Identification of the haemolytic activity of
Malassezia species. Mycoses. 2014;57:163-68.
Schaufuss P, Brasch J, Steller U. Dermatophytes
can trigger cooperative (CAMP-like) haemolytic
reactions. Br J Dermatol. 2005;153:584-90.
Likianupab P, Sutabhaha B. The Development of
sample collector for detect microorganisms in the
air. Bull Chiang Mai Assoc Med Sci. 2009;41:225-
38.

Tankaew P, Komolmal P, Jaimoonwong J, Intayot
P, Sutabhaha B. Exploration of microorganisms
in hospital operating room, university classroom
and meeting room by modified sampling collector
compared to open dish method. Bull Chiang Mai
Assoc Med Sci. 2009;42:25-36.

Eduard W. Fungal spores: a critical review of the
toxicological and epidemiological evidence as a
basis for occupational exposure limit setting. Criti-
cal Reviews in Toxicology. 2009;39:799-864.
Donohue M, Chung Y, Magnuson ML, Ward M,
Selgrade MJ, Vesper S. Hemolysin chrysolysin
from Penicillium chrysogenum promotes inflam-
matory response. Int J Hyg Environ Health. 2005;
208:279-85.

Donohue M, Wei W, Wu J, Zawia NH, Hud N, De
Jesus V, et al. Characterization of nigerlysin, he-
molysin produced by Aspergillus niger, and effect
on mouse neuronal cells in vitro. Toxicology. 2006;
219:150-5.

Wartenberg D, Lapp K, Jacobsen ID, Dahse HM,
Kniemeyer O, Heinekamp T, et al. Secretome
analysis of Aspergillus fumigatus reveals Asp-
hemolysin as a major secreted protein. Int J Med
Microbiol. 2011;301:602-11.

Atagazli L, Greenhill AR, Melrose W, Pue AG,
Warner JM. Is Penicillium citrinum implicated in
sago hemolytic disease? Southeast Asian J Trop
Med Public Health. 2010;41:641-46.



150

Chiang Mai Med J

Ufisemssanedladaaundlaensauaziasuiuiiiaainsiiuains

WA WaUsEdiv, AT 989un uaz WY Iladsuay
MATYIRRTIING AEUNNEAIENS UNNINeaedeslng

Uz maﬂﬁwwiazjﬁumwmrmm&ﬂummim?\]Lﬁmmﬂ@’ﬁmﬁﬂagﬁuﬁaﬁ’uL%yaﬁﬁwﬁ'qmiL:u
muslavifisai Muwinonaiumsisamedindenunsdaiutoldiuzouiivaslinliiusg
mﬁﬂ‘ﬁ'fﬁwLwaiamiagujiaml,l,am%zylﬁuimiuﬂu lavhnsiiusiegissaneniaangluenaisluany
gesTafeuNnTIAY N, 2551 fufeunanan wa. 2552 WieAnwivdavesilueimafinutos
LLasmaa‘U‘Uﬁﬁ%mm%aqwﬁumsamaLﬁmﬁammmaﬁ’]mmﬁ

Fnsenwn AusedslagliiBnsgaeniaasuuauemsmeinieagaiulstenduazinonisida
uemnslasns vadeugrdamedinionuamesniuenld Tnsmsmisidies was/vdomzides
nitaalndtusudeuuaiiFeiinuliveslumadumels vuownsiudsinaudadonauriown
\Fonunaunziigaumnil 28 ssmiwaldea uaz/m3e 37 ssmiwaidya

wan1sfiner  anleaveisutuideuluomavinuannnhneisdusaontlasanzluggvun
drunoaesiadanuyimnadesniudreudrsannluggieunazggiu nildumuvesiingiiing
wonlddgrdaaadaidenunddlnonss lnsaaedindonunwesnilddnivomns  sumanilaud
weaiesinda aalaadeidoy fhwniden wulididen uarsnquitliaduades lefoustmuations
ameiinidenuaslifionmgil 28 ssmwadea waz/vie 37 ssmwaldua sniiuralnaUsGeuyn
ameuduannuifideuuameiuslanumaniagdvled 37 ssnwadea uenindmsvageudiy
wuluseailestadariomuil@iden dmuimarnuigdulalndfuiudeuuaiide fqvsamedn
WeauanzuuulEsuiY  nsamzseninsivaunlillanerfa saiSea  diuufisenasuiuiu
awmsUlaneada Tiluiled nulduidsnsdianuwdsusiulunisvaaey

agu srimuvesluenidlueiaisnaeet liun aanlaaueiFen uoaoiiada fhenFoy muldideu
warsnguitliaduaves  wildumuvosdaniinmsuonlifigriaaedindenunddlaonss  Tag
aaneuindonunasauldfniiveiny wasnuivarsueaeiladaniomuididen ey
dulalndfufvaunuillanenda eaidea dgriaaadndonwaunzuuuaiuiy Wodlninvans
2561;57(3):143-50.

Addsy: qidaaeidindenuns gndiasuiu wealesiada mulddey aunuilarenda oaSed




