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Foreword 

Thi s booklet was i nstigated by th e many encouragi ng suggestions  from 

dermatol ogists wh o work with ready to use B I OTEST cu lt u re medi a  for the 

cul tivation and d iagnosis of dermatophytes, yeasts and mou lds. This  pub l ica

ti on th erefore proves th at th e many letters received and th e sti m u lat ing  con

versati ons held at exhi bitions have had the desi red effect. 

Wh en we told P rofessor Rieth of o u r  c ustomers' wishes for an introducti on 

i nto mycology we found support and co-operat ion.  We are g rateful  to P ro

fessor Rieth ,  not on ly for h is  trouble i n  taking on a publ icati on such as this, 

but also for the enth usiasm with whi ch h e  approached the work and wh ich h e  

i nsti l led i n  u s  at the same time. 

With the i ntroduct ion to " Laboratory Mycology" our ai m is to take th e fi rst 

step i n  gai ni ng for medical mycology th e pl ace it deserves withi n the wider 

field of m icrobi ology. 
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1. Obtaining and preliminary treatment of 
material 

A. Skin and cutaneous appendages 

1. Skin scales 

Before obtai n ing skin scales th e lesion is th orough ly c leansed of s u rface 
deposi ts. For  this, absorbent gauze is more suitable th an cotton wool o r  
cell u lose. l f  no !arge defects i n  the epithe l ium or  fissures in  th e s ki n  are 
present, light spongi n g  with 70 % ethylalcohol or isopropylalcoho l  is  recom
mended. I n  this way false posit ive resu lts due to ai rborne organisms are 
avoi ded, and bacterial g rowth is considerably red u ced. 

Th e !arge scales sh ould be removed f i rst of all and discarded; th ey are of 
no interest. The smal l  scales an th e edges of th e lesi ons are taken oft care
ful ly wi th a scalpel or  su rgical spoon i n  the direction  of th e h ealthy s k i n .  

A ltogether  at least 30-40 smal lish scales sh ould b e  transferred into a steri le 
Petri di sh o r  a steri le, widenecked tube.  I n  d iffi cu lt envi ronmental condit ions 
steri le bags suit able for transportation can also be used. 

Before th e scales are inocu lated onto th e cu lture medi u m  th ey m ust be cut 
into very smal l  partic les, and th is is done best with a scalpel and d issecti n g  
need le. The i nstruments must b e  heat-sterilized beforehand,  i .  e .  i n  a g l ass 
flask fo r 2 hours at 180° C. Gare sh ou ld  be taken in preparing a suffici ent 
n umber of ster i le i nstruments. 

Warning: Th e popular method of drawing scalpels or s u rg i cal spoons th rough 
a flame leads either to q uick deteri o ration of valuable i nstruments (as th ey 
have to be completely h eated th rough) ,  or to i n complete steri l ization  with th e 
ri sk of contami nati n g  samples with fungal elements from previous pati ents. 
Th e false data which then arise can o n ly be avoided by correct steri l iz at ion.  
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2. Hairs 

The hai r-covered lesions which can be caused by fung i, e.  g. on the head , 
face, back of neck, trunk and l imbs, m ust also be c leaned carefu l ly with 70 % 
ethylalcohol or isopropylalcohol .  A l l  crusts and scales around them are 
removed, preferably with a scalpel  o r  surg ical spoon. Those hair-stumps 
which are to be removed with epi lating forceps m ust then be found, if ne
cessary with a magni fy ing  g lass. Th is  can be carried out at the edge of a bald
patch or  even on the lesion itself if  s ing le  suspected hairs are to be found 
there,  e .  g .  i n  the case of t richophytos is,  or  so-cal led " mown-meadow'', wh ich 
is  typical for c lassic m icrosporosis .  I n  th is  i nstance pract ical ly all the hai rs of 
the focus are b roken s l ight ly above the level of the skin .  

Altogether a t  l east 20, preferably 30-40 hair-stumps are needed per case. 

lmportant: 

Cutt ing  hairs with scissors and hav ing  these mycolog ical ly exami ned is of no 
use at all and is  o n ly proof of  ignorance. 

Contaminated hairs 

lf the hai rs are extremely soi led,  e. g .  with pus i n  the case of Celsus' kerion 
or m ixed i nfections,  wash ing  the short hai r-stumps in a ster i le fluid is  re
commended before i nocu lation .  For th is  purpose antibacterial ant ib iot ics 
such as pen i c i l l i n ,  ch loramphen ico l ,  etc. can be used i n  the concentrations 
employed also in correspond ing  cu l ture med ia. 

Animal hairs 

A n i mal hairs are very often contaminated with add it ional  mould fungus 
spores. The ha i rs which are most frequently examined i n  the mycology labo
ratory are from cats, dogs, g u inea-pigs,  rabb its, hamsters, horses and catt le. 
l t  is a lmost i m poss ib le  to carry out the c lean ing  process with 70 % alcohol 
on an i mals.  Furthermore,  p luck ing  out s ing le  hairs with epi lat ing forceps is 
d iff icu l t  and on ly possib le  in certai n  cases. lt  has proved satisfactory to 
brush i nfected areas with a ster i le toothbrush,  remove the hairs which remain 
han g i n g  in it ,  and then d i p  the toothbrush straight i nto the cu lture med i um. 
Cyclohex i m ide shou ld  be added to this med i u m  in order to suppress too rich 
g rowth of mou ld  fung i .  
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3. Nails 

With suspe cte d fungus infe ction of the nai ls, it must fi rst be dete rmined 
whethe r the fungus has attacked the n ai l-plate and hyponychi um, o r  whethe r 
it is a case of mycotic paronychia with poss ible second ary le sion of the 
nai l-plate . 

Fungus infection of the nail-plate 

lf the suspecte d mycoti c  area is in o r  underneath the nai l-plate itself, al l  
vi sible infecte d tissue m ust be re move d  with a sh arp ste ri le scalpe l  and the 
junct ion betwee n healthy and i nfecte d tissue must be expose d .  The n  the 
cleani ng process must be carried out with 70 % alcohol  and a gauze pad. 
Ve ry fi ne nai l  parti cles are take n  off w ith a scalpe l  or s u rg ical spoon. A fai r 
amount of mate rial must be obtai ned he re too as the fungi  are h i dde n  i n  
nidal form and cannot be dete cted w ith the naked eye . 

Warning : Cutting nai ls with scissors and the n se nding a piece to the labo
ratory i s  of no use whatsoeve r, and shou ld  be preve nte d  by p rovidi n g  infor
mation for th ose concerned in sampl ing .  

Paronychia 

With suspecte d mycotic paronychia it is re commen ded that mate rial from the 
suspecte d areas, which is almost always purule nt, be take n  carefu l ly with a 
wi re Joop or mycologi cal hook (an unbe nt wire loop), and placed i m mediate ly 
onto a solid me d ium or  into a f luid  medium.  lt is he lpful  to meisten the wire 
loop with the me d i u m  fi rst of al l, so that the fungal e le ments stick to it. 
Material  for d i re ct mic roscopi c  exam i n ation is p laced straight onto a s l i de .  lt  
is necessary to break down the nai l  mate rial with a scalpe l  and d issect ing 
nee dle into smal le r  pieces i f  the part ic les are !arge r  than about 1 m m .  This 
is most easi ly ach ieved i n  a ste r i le Pet ri d ish of which the l id  is ope ne d  just 
a l i ttle on  one s ide . 

Extracted nails 

Extracted  nai ls se nt to the labo ratory are ve ry rare ly free from contamina
t ion.  lt is best to c lean the nai ls  careful ly (e . g. with pe n i c i l l i n  o r  ch loramphe
n i col solut ion) i n  orde r  to e l im inate any bacte ria wh ich may have stuck to 
them. The areas suspecte d of fungus attack must the n  be carefu l ly sought. 
Mate ria l  for the cu lture sh ou ld  only be take n  from seve ral d iffe re nt such 
places. 

l mportant: Extracted nails must neve r come i nto contact with forma l in .  
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B. Urogenital tract 

1. Vaginal  sec retio n 

Obta in ing  can be carried out i n  d ifferent ways: with a wire loop, a swab, a 
surg ical spoon or a specu lum.  Pre l i m i nary treatment of secretion is not 
necessary ; nevertheless there is no harm i n  tak ing precautionary measures 
agai nst dehydrat ion of the m aterial  dur ing transport, e. g. by using swabs 
soaked i n  n utrient med ium or by p lac i ng the secretion  i n  steri le  physiological 
sal i ne solut ion.  

2. Swab from the vu lva 

Accord ing  to the form of disease proceed as described under "Sk in" ,  or 
take as m uch material  as possible using a wire loop or smear swab. 

3. Co ntact cu ltu re f rom the pen is 

With suspected mycotic  balanit is or balanoposthit is bring  the g lans penis 
or the prepuce i nto d irect contact with the surface of the medium in a Petri 
dish. Press careful ly several t i mes so that the surface of the medium is i n
ocu lated i n  d ifferent places. 

4. U ri ne sediment 

Uri ne removed under ster i le  condit ions (or m id-stream urine) is centrifuged 
in ster i le  tubes, then poured out q uick ly so that o n ly a few drops remain at 
the bottom of the tube. These drops are e i ther used directly or by means 
of a wire loop.  

lt  is important to note that when sendi n g  urine  i nto the laboratory, no sort 
of disinfectant, especial ly formal in ,  should come i nto contact with the urine 
or the container used for transport. 

5. U ri n a ry tract sec retio n 

Smears from the orifi c i u m  urethrae or from the urethra are taken with a 
wire loop or cotton app l icator. 
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C. Digestive tract 

1. Oesophageal swab 

Materia l  is obtai ned by oesophagoscopy from suspect ed areas and exami ned 
immediately or placed i nto 1 -2 ml physi ologi cal saline so luti on .  

2. Gastric juice 

Material obtained by means of a gastroscope or pump is taken i nto a ster i le 
contai ner, if necessary di l uted with a l itt le  physiol ogi cal sal ine sol ut ion, and 
centr ifuged i n  a steri le tube. O n ly the sedi ment is th en processed. 

3. Duodenal juice and bile 

P roceed as under"Gastric j u ice".  

4. Faeces 

A haze lnut-sized part of a stool porti o n  is brought  for mycol ogi cal exami na
ti on, after th e stool portion has been mixed i n  20-30 p laces with a spoon 
fixed to a stopper. 

D. Mouth and pharynx 

1. Swab from the oral cavity 

Smear as large as poss ible an area of the oral cavi ty o r  th e suspected 
mycoti c  areas with a cotton appl icator, if necessary with th e he lp  of a w i re 
loop. G u m  pockets and the tongue, espec ia l ly th e edge of th e tongue, must 
not be overlooked. 

2. Dentures 

Contact-cu lt u res are best. Here th e p late is pressed directly onto th e s u r
face of th e cu ltu re medi u m, if possible i n  several different places. 
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3. Swab from the p h arynx 

Coat the cotton appl icator thorough ly with pharyngeal secret ion .  Always 
sniear several different p laces more than once. 

4. Matter expressed from the to nsi ls 

The contents of the crypts a re carefu l ly expressed and taken i nto ster i le 
phys io logical  sal i ne  solut ion .  Material can also be obtai ned by suction.  

5. Sal iva 

Pathogen ic yeasts do not belong to the normal  mouth flora, but the possi
b i l ity of colon isat ion of the oral cavity can make the eval uation of resu lts of 
the sputum exami n at ion more diff icu lt .  Exam i nation of the sal iva is necessary 
as a control .  Sal iva can be d i luted, accordi ng to its consistency,  with ster i le 
physiolog ical sal i ne  solut ion.  

E. Respiratory tract 

1. S putum 

When obtain in g  sputum it is  very important n ot to mix i t  with sal iva, or to 
m i n i m ise adm ixture. To do th is it is best to make the oral cavity as free of 
fungi  as possib le  for one or two days before obtain ing  material ,  e. g. by 
suck ing  th roat-past i l les or by thorough mouth-wash ing with appropriate 
solut ions. 

Sputum is coughed i nto a ster i le wide-necked vessel or a ster i le  Petri dish. 
D i l ut ion with ster i le phys iolog ical sal i ne  sol ut ion can be useful if  the sputum 
is too viscous. 

2. Bronch i a l  secretion 

The secretion  obtai ned with a bronchoscope is taken i nto a ster i le tube with 
the help of a ster i le  r ins ing l iqu id  and is  submitted for exami nation without 
formal i n ,  pen i c i l l i n ,  etc. 

3. F lu i d  from the p leural  cavity 

This is put i nto a ster i le  tube without addit ional s ubstances, e. g. formal in ,  
pen i c i l lin ,  etc. 
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F. External auditory canal 

1. Smear 

Obtain material with a cotton appl i cator or surg i cal spoon and p lace it 
straight onto th e cu lture med i u m  or  in  a ster i le vessel. 

2. Cerumen 

R emove with a surg ical spoo n,  pi ncet or  wir e  loop and place it i n  a steri le 
container. Work carefu l ly i f  moulds are seen to be appeari n g  in order to 
avo id the spread ing of fung us-spores. 

G. Spinal fluid 

Place without added material in a ster i le container and centrifuge i n  a ster i le 
tube. ln oculate sed i ment on ly. 

H. Blood 

5-10 m l  of venous or arte rial blood is taken i nto a steri le  container  an d sent 
to the mycologi cal labo ratory without any other added material .  l t  is best to 
i nocu late 40-50 drops straight onto th e solid med i u m  about 1h cm away 
from each other. The " Mi c rognost B lood Cu ltu re Bottle" fac i l itates with
d rawal and transport.  

1. Biopsy and autopsy material 

lt is extremely i m portant to state th at mat erial to be ex amined m ust never 
be placed in  any bactericidal f luid, especial ly formal i n, before being sent to 
the laboratory. Such treatment woul d  p reclude the g rowth of fungi .  

H owever, in order to prevent drying out the sample may be p laced i n  ster i le 
physiol ogical sal ine solution .  To control  o r  stop the spread i ng of any bac
teria, antibacte rial ant ibiotics can be added, e. g.  ch loramphen ico l  in a 
concentrat ion of 50-200 mcg/ml .  
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11. lnoculation of the specimens on various 
culture media 

A. Solid media 

1. Kimmig Agar 

A !a rge a mount (20-30) of f in e ly cut sk in sca les, na i ls or ha irs  ar e d istribut
ed on th e medium in such a way that the s ing le pa rt ic les a re at least a few 
mm a way fr om each oth e r. The purpose of th is is to pr event a too ra pid 
growth of conta minants over th e wh ole a rea of  th e inoculated materia l .  
K i m m ig Aga r leads  to very g ood g rowth in the case of most path ogenic  
fung i with rich for mation of  m i c rocon i d ia and ma crocon id ia without encour
aging p leomorph ism (development of cotton-type ster i le myce l ia) .  K immig 
Aga r is th erefore wei l  s u ited for  a l l  pr imary cultures wh ich a re not pa rt icu
lar ly conta minated. 

2. Selective Agar for pathogenic fungi 

l n ocu lat ion is ca rried out a s  with K i m m ig Aga r. Th e pur pose of add ing cyclo
hexim i d e  is to restrict certa in mou ld  fung i so that they do not grow too 
q u ickly over, or  even completely suppress, the slow-gr owing dermatophytes. 
H owever , it must be ta ken into a ccount that mou ld  fung i may a lso be th e 
ca usat ive path og en s. 

F u rth ermore it is i mportant to n ote that some pathog en ic yea sts a re l i kewise 
suppressed by cyc loheximide,  lead ing in some cases to fa lse n egative 
resu lts. 

With sa m ples suspected of conta m ination, Se lective Aga r conta in ing cyclo
hex i m ide  is  h igh ly recommen ded. In or der n ot to overlook path og en i c  
mou lds a n d  yeasts wh ich are sens itive t o  cyc lohex imide, para l lel cu ltures 
must b e  ma de on media n ot conta in ing th is ant ib iotic.  

lt is best to in oculate two sol id media in each case (n ot one sol id an d one 
f lu id )  - one with cyc lohexi mi de and one without. 

3. Sabou raud Dextrose Agar 

A tra d i t iona l medium contain ing dou ble th e a m o unt of suga r as K im m ig 
Agar . Th er efore on th e one han d p leomor phism is en couraged wh ere it is 
not desired ,  but on th e other  han d th e for mat ion of pig ment is in ma ny cases 
inf luen ced a dvantag eously. 

Sa boura ud Dextrose Aga r is especia lly su ita b l e  for subcu ltures if  clear 
iden tif icat ion is d iff icu lt with th e pr ima ry cu lture.  In many ca ses th e g rowth 
for ms on two d ifferent media a l low a better determination of th e range of 
gr owth forms.  
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4. Cand i d a  Agar 

A relatively quick result  can be obtained using this medium in the case of 
suspected pathogenic yeasts. The growth within a few days of smal l ,  dark, 
almost black colonies, which consist of yeast cel ls  when observed under the 
microscope, proves that yeasts were i n  the s pecimen.  

The material is spread weil  over the surface of the medium with a wire loop 
or other instrument. 

lmportant: The orig i nal assumption that on ly Candida albicans would grow 
on Candida Agar has not proved to be true. Also yeasts growing on Candida 
Agar do not necessari ly belang to the yeast genus Candida. I n  fact yeasts 
belonging to the genera Toru lopsis, Trichosporon and even Saccharomyces 
also grow on Candida Agar. When this is taken i nto account, false myco
logical diagnoses are prevented. 

The main advantage of Candida Agar is that a characteristic growth is 
quickly obtai ned from which yeast i nfection can be determined. With urine  
sedi ment or  vag i nal secretion,  where almost al l  detected yeasts are patho
logical ,  it is therapeutical ly t ime-saving even if the genus and s pecies are 
not determined. 

5. Rice Agar 

lf it is necessary to identify the yeasts, diagnosis of Candida albicans must 
first be carried out. For this,  various special culture media are su itable, 
especial ly the so-cal led Rice Agar, wh ich needs carefu l production and is 
therefore better obtained as a ready to use medium . .  

l nocu lation is easy. Just a l i ttle material from a previous culture, e. g .  from 
the brown-black colon ies on Candida Agar or from the whitish-grey or 
whitish-yellow colon ies on Kimmig Agar, is inocu lated in wide snake- l i ke 
l i nes or in three streaks 1 cm apart from each other. Then one or two cover
glasses are p laced on each of the streaks. Under the g lasses a semianaero
bic growth is i nduced with rich pseudomycel ia formation and deve lopment 
of ch lamydospores typical for Candida albicans. The c losely related Candida 
stel latoidea forms s imi lar ch lamydospores, but the other Candida s pecies 
(at least 79) do not. 

True myce l ia as wei l  as pseudomycel ia grow on Rice Agar, arthospores also 
form, and ascospores of the perfect yeasts occur. 

lmportant: Store Rice Agar cultures at room temperature on ly. At 37° C i n  
the incubator the characteristic growth forms are greatly restricted o r  d o  not 
occur at al l .  
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B. Fluid media 

Sabouraud Med ium 

This med ium is especia l ly su ited when enrichment of fung i ,  which are per
haps on ly sparsely distr ibuted, is requ ired. 

l nocu lat ion is carried out usual ly with a wire loop, but may also be done 
straight after obtain i n g  the material with a scalpel ,  surgi cal spoon or cotton
app l icator. 

III. Subcultures 

By subcu ltures one understands al l  those cu ltures orig inat ing from primary 
cultures by transfer of particles onto another sol id o r  f lu id medium.  

Subcu ltures serve various purposes, one of  wh ich is  to separate mixed 
cultures on the orig inal p late. A second inocu lat ion onto a differently con
sti tuted med ium al lows the determinat ion of d ifferent growth forms ; th is can 
make identif icat ion of certain dermatophytes much easier. 

lt  is also a good idea to make these so-cal led identification cultures i n  
dup l icate - b y  making a monocu lture i n  t h e  m iddle o f  t h e  medium i n  one 
Petri d ish and a tr ip le  cu lture i n  a second Petri d ish. The reason for this 
is that the fungal colon ies behave differently - both by strain and species -
accord i n g  to whether they are i nf luenced by ne ighbouring colonies or n ot. 

Subcu ltures in the form of pure cu ltures are also i mportant for the strain 
co l lect ion of fung i  (mycotheque).  When there are as many pure cultures as 
possi b le  avai lable for comparison ,  identificat ion is easier and the diagnostic  
result  is thus safer. F urthermore, t ime is  saved as contact with other myco
log ical laboratories for further i nformation is not required so often.  

Subcu ltures also serve in  determi n ing  sensitivity and i n  test ing new substanc
es for antifungal activity. 

Subcu ltures can alter their appearance as a result  of exogen ic  or endogenic 
infl uences. 
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IV. lncubation 

A. Place of incubation 

In gen era l, in cubation ta kes place pr otected fr om strong sun l ight, a ir-turbu
lence and d ust; cup boa rds wh ich can be securely closed an d a re pr otected 
fr om l ight are better than sh elves, ta b les, window-si l ls  or ra cks, fo r cu ltures 
in Petr i  dishes; tu be-cultures ar e less at r isk fr om th e envir on ment. However, 
by re-sea l ing Petr i  dishes with the sea l ing ta pe ( leaving a ga p of 1 -2 cm to 
a l low a ir f l ow) th e danger of pol lution fr om a i r  currents is reduced.  W ith 
h igh er temperatures in cubators ar e best. 

B. Length of incubation 

This is usually between 3 an d 30 days. In specia l  ca ses - if it is urg ent and 
only yeasts ar e to be tested for - 24 hours can be en ough for th e in cuba
tion .  Otherwise with suspected yeasts th e recommended leng th of in cubation 
is up t o  ,g days. 

Moulds gr ow at different rates; some ar e we il developed after 5-8 days, 
oth er s ta ke 3-4 weeks. 

Der matophytes usua l ly gr ow with in 1-3 weeks; sometimes h owever it can 
ta ke a l i ttle lang er, if for exa mple th e tung i have been inj u red by i m m un o l og i
ca l rea ctions of th e h ost or by medication .  

W ith pr imary cu ltures, wher e identif icat ion of the g rowing fung us is n ot ob
vious, the cu ltures shou ld  be observed for 4 weeks, even if after a sh ort t ime 
funga l g rowth has a l ready been esta b l ished.  The rea son for th is is tha t  i t  
could be a mu ltiple infection, or th e fi rst funga l g rowth could be coin c identa l  
conta m ination and th e actua l  path ogen might not a ppear unt i l  later. 

lt is recom mended to in cubate fung us cultures a l ittle too long rath er than 
eva l uate too ear ly. G iving out pr e l imina ry r esu lts can meet the expectat ion of 
patients or doctors sen d ing mater ia l into th e la boratory without for eg o ing 
th e possibi lity of completing th ese results or ma king th em more p recise after 
3 or 4 weeks. 
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C. Temperature of incubation 
In gen e ra l, in cubation ta kes place at room temperature - a bout 20°-25° C. 
In certain cases incubation at 37° C is i m po rta nt, so an incubator in the 
mycolog i ca l  la boratory is very usefu l .  

F ung i wh ich d o  not g row at 37° C can not in crease inside the body s o  this 
is an i m po rtan t criter ion with suspected deep mycoses. H owever on skin 

an d in its appendag es where temperatures a re much lower, those fung i 
fl ou r ish g reatly which do not g row at a l l  or on ly at a reduced rate at 37° C. 

lmportant: lt would be completely w rang to in cubate on ly at 37° C on prin
c ip le. lf en oug h  materia l  is ava i la b le then pa ra l lel in cubation at room tem
peratu re an d at 37° C in the i ncubator is the best so lut ion .  

lncubation at about 30° C. 

Dermatophytes g row most q u ickly at 28° -30° C. Those who have an addi
t iona l i ncubat o r  for t h is temperature can ga in a few days by qu icken ing the 
g rowth of the materia l  in pr ima ry cu l tures by in cubating at a bout 30° C. 

lncubation in the refrigerator. 

There a re some moulds which form toxins at refrig erator temperatu re, 
whereas at hig her  temperatures this is  suppressed. Mycotoxins can be ab
sorbed perc utan eously an d ca n have a hepato-toxi c  effect. lt is n ot advisa ble 
to store mould cu l tures in the refrig erator as on e cann ot be sure whether 
tox in  is  formed or not. 

V. ldentification criteria 

A. Morphological criteria 

1. Habitus 

" Ha b itus" means the physica l  a p pea ra nce of a f u ng us cu lture, especia l ly the 
su rfa ce structu re. Ma ny g rowth forms can occur, either ca used by the d iffer
en t su bstrata or en d og en ously. Many fung i behave q u ite d ifferently in t heir  
var ious gr owth torms so that id entificat ion is ma de more diff icult. The fo l low
ing statement is to be n oted in  the la boratory :  

the same fungi can look different; 
different fungi can look the same. 

F o r  th is  rea son it is necessa ry to g et to kn ow the ra nge of g rowth forms 
of the m ost common fung i .  

18  Laboratory Mycology 



2. Colour 

P ig ment formation can depend on the aeria l myce l i u m  as we i l  a s  on the 
substrate mycel ium.  The mycel ium can be di fferent in pig ment fro m  th e 
sexua l ly reproduced perfect forms o r  th e asexua l  im perfect forms. W ith 
certa in fung i the pig men t  can diff use into th e cu l ture med i u m .  

One m ust ta ke into account that th e formation o f  pig ment can a lso be sup
pressed, for exa mple with T richophyton rubrum. lt may be supposed that th e 
na me is determined by th e red colour of th e f ung us, but th is is not th e case. 
Most stra ins of T richophyton rubrum a re downy-wh ite an d on ly on th e un der
side is th ere a more or less d istinct red-violet colou ring . Many other  f ung i 
form red colouring without necessa rily being T richophyton rubrum. 

3. Reproductory organs 

a) Sexual reproduction 

Some dermatophytes, yeasts and mou lds form sexua l organs and the refore 
belang to th e perfect f ung i wh ich can be c lassif ied in a natu ra l  system. 

In fung us c ultures such f ru it bod ies can be observed someti mes, e. g .  
Perithecia (w ith pre-formed open ing f o r  t ree ing th e spores formed in side 
th e body) or Cleistothecia ( c losed on al l  s ides; th e spores a re freed by th e 
bu rst ing of the body). 

b) Asexual reproduction 

Asexua l ly reproduced f orms a re very common an d a re ca l led i m perfect 
forms ( in contrast to th e sexua l ly reproduced perfect fruit  body) . Th e most 
well-kn own asexua l  "spores" a re con id ia .  Wi th dermatophytes an d with a 
few moulds one d ifferentiates between smal l  m icrocon idia and la rg e r  ma cro
con id ia wh ich a re usua l ly m u ltiseptate. 

The conid ia can come straight out of a f ung us-th read or stan d on sma l l  
sta lks; th ey can b e  smooth or  rough, long itudina l ly o r  transversa l ly septate, 
pointed or f lat, c lub-sha ped, spin d le-sha ped, cyl in d rica l, biza rrely m issha pen, 
round, ova l, pea r-sha ped, banana-sha ped, etc . ;  in view of the many possi
bil i ties drawing s of th e most common sha pes are a g reat help in eva l uating 
th e different criteria .  

l f  a fung us-th rea d  brea ks into l imb-l i ke pieces one ta l ks o f  a rth rospores;  
these " mycel ium spores" a lso help in reprodu ction, a l th ough of cours e  they 
a re stri ctly spea king not "spores". 
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With yeasts, blastospores are especial ly i mportant. The blastospore is the 
normal vegetation body of a yeast, i n  other words not a "spore" in the 
proper sense of the word. Yeast cel ls  can reproduce by budding,  the 
daughter cel l  buds out of the mother cel l  wh ich it resembles as soon as it 
is com pletely developed. B lastospores are then on ly budding cel ls; they 
can be round, short-oval ,  long-oval or e longated, they can appear triangu lar, 
ogival or bottle-shaped ; or they can adhere to each other, in which case 
they are cal led pseudomycel i um .  A deciding c riterion is often the formation 
of chlamydospores. 

c) Dimorphie fungi 

A n u mber of fungi  can change the ir  form. Linder certai n condit ions, e. g. i n  
the  t issue and at  37° C i n  vitro, buddin g  cel ls  are formed ; under other 
condit ions,  e. g .  at room temperatu re, these fung i  g row in  th readl ike form, 
partly as mou ld fung i .  

One must always take into accou nt when evaluat ing the identificat ion criteria 
that a fungus can be both a "thread fungus" as weil as a "budding fungus". 
G roup ing  into "thread-fungi" and "budding fung i" held t rue on ly for a short 
t ime i n  a s imp l if ied theoretical didactic - i n  pract ice it has not been proved 
satisfactory. I n  the laboratories it is becoming more and more common to 
make a dist inct ion between dermatophytes, yeasts, mou lds and other fungi .  
Both yeasts and moulds can be dimorphic.  Even dermatophytes can repro
duce by budding under  certa in condit ions. 

B. Physiological criteria 

1. Fermentation 

For the determination of yeasts, which one cannot identify by morphology, 
various metabol ic  reactions are s u itable identif ication criteria, especially 
the fermentat ion of s ugars. 

F i rst ly 5 s ugars are tested : dextrose, galactose, sucrose, maltose and lac
tose. lf it is  sti l l  not possible to identify the yeast and the ass im i lat ion tests 
also fai l ,  then further s ugars are tested. 

Deta i l s  about the tech n ique of sugar fermentation may be obtained from 
special ized l iterature. 
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2. Assimilation 

a) Assimilation of sugar 

H ere too 5 sugars a re used fi rst: dextrose, galactose, sucrose, maltose and 
lactose. In certain ca ses additi onal assi milati on tests a re ca rriBd out .  

b) Assimilation of nitrogen 

Pepton e and potassi u m  n it rate a re tested accord ing to standa rd methods.  
Peptone is assimi lated by al l yeasts, potassi um nitrate on ly by th ose which 
can use an in organi c n itrogen source. 

3. Further metabolic reactions 

In certain ca ses the splitting of a rbuti n  is testBd . Also the uti lizat ion of u rea, 
fat spli tting and keratin ophilia , etc. ca n be i mportant. 

C. Serological criteria 

Th e ro utine use of sero log ica l  criteria for  th e ident ification of f ung i is sti l l  
being di scussed.  S ign if icant resea rch resu lts ind icate that th e identificat ion 
proced ure could be shortBned in some ca ses by serology. 

D. Fluorescence immunological criteria 

In special la borat ori es excellent proced u res hav e al ready been d ev el oped 
to det ect certai n f ungi , e. g .  Sporoth rix schenckii , if other proced u res fail. 
In a few yea rs th is method will be feasi bl e  in well-eq ui pped mi crobiol ogical 
la boratories having an eq ually weil eq ui pped mycological depa rtment. 
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VI. Fungus differentiation and classification 

For the identif ication of a fungus the differentiation from s im i lar looking 
related or non-related genera and spec ies must be exact and rel iable. Diff
erent iat ion is fac i l i tated i n  that the var ious fungus species (numberi n g  over 
a hu ndred thousand) are c lassified i nto systems. 

S ince L inne fung i ( l ike a l l  p lants) are c lassified according to sexual organs ; 
th is is the natural or perfect system. lf the sexual organs are not known 
or not formed, the fungus strains are sorted i nto an artif ic ial  or imperfect 
system on the basis of other criteria, e. g .  conidia format ion .  The artificial 
system is also known as the second system .  The imperfect fungi are also 
cal led deuteromycetes after the Greek word "deuteros" mean ing  second. 

For the d istr ibut ion i nto dermatophytes, yeasts and mou lds the dist inction 
between "perfect" and " imperfect" is  i n  practice of secondary i mportance. 

The perfect and i mperfect forms are named differently, for example Kera
t inomyces ajel lo i  ( i mperfect) and Arthroderma unc i natum (perfect) are not 
- as one would suppose - two different fung i, but one and the same organ
ism.  lt  does not matter which of the forms grows on the medium - one 
knows what the other form should be cal led. As a result  the classification 
of dermatophytes is  qu ite u n prob lematic as long as it is appl ied to either 
the perfect or the i mperfect stages. 

S im i larly with yeasts and moulds most prob lems of th is kind are solved in the 
laboratory without any very great diff icult ies. However, in research i nto the 
relat ionsh ips between the various fungi  the sexual i ty is very im portant. 

A. Dermatophytes 

1. Microsporum 

Fung i  of the genus Microsporum have rough-walled macroconidia. ldentifi
cat ion on the basis of th is  criter ion on ly produces difficult ies as they often 
do not occur at a l l .  lt is also misleading if the macrocon idia have lost their 
rough protu berances i n  the test f l u id between the cover and the sl ide, be
cause then of course they become smooth. This has led for decades to the 
incorrect identif ication of M icrosporum ferrug i neum as Trichophyton ferrugi
neum.  
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a} Microsporum audouinii 

F o rmerly the most common path og en of the microsporic endemics and 
epidem ics. Today it is very ra re in  E u rope, but in other countries, e. g. i n  
West African states i t  is not yet e l im inated. Disea ses ca used b y  th is  o rgan
ism can easi ly be imported f rom a b roa d.  

b} Microsporum canis 

Common a l l  over th e world, th is fung us occurs much more often i n  E u rope 
than is  genera l ly supposed. l nfection of  man from va rious an ima ls an d vice 
versa can be avoided by ca ref u l  hyg iene measures. 

c} Microsporum gypseum 

A common path og en of "Ga rdner's Microsporos is"; occurs in n ida l f orm i n  
the soi l and i s  th eref ore a geoph i l i c  fungus. 

lt  is i mportant to note that th is f ung us does not ca use the sa me c l in i ca l  
picture a s  M.  a udouin i i  or  M .  ca nis.  Also ha i rs atta cked by M.  g ypseu m  d o  
not f luoresce with a yel lowish-g reen colour as with " c lassic" microsporosis.  

d} Other species of Microsporum 

lt r eq u i red f u rth er deta i ls a bout th ese wi l l  be g iven in a later ed it ion .  

2. Trichophyton 

F ung i of the gen us Trichophyton have smooth-wa l led macrocon id ia ( if a ny 
a re formed at a l l ) .  Th is  is where th e d i lemma l ies in determin ing Trich o
phyton: on e very often seeks macrocon id ia wh ich a re n ot p resent. Th ere
fore other criteria a re necessa ry in such cases. 

a} Trichophyton mentagrophytes 

F ormerly th e most common ca use of mycos is of th e skin of the ha nds an d 
feet, today it ta kes second place in many countries. lt is assumed that 
Trichophyton mentag rophytes is ident ica l  to th e so-ca l led Ka uf ma n n-W o lf
fung us of former t imes, or  a t  least pa rtly so. 

Very common in an ima ls, both in the wi ld and in captivity. l nfection can re
sult  straight f rom the soi l  but ca n a lso of course be transferred th rough 
va rious an ima ls, e.g .  g u inea-pigs wh ich a re very popula r  pets. 
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b) Trichophyton rubrum 

I n  many countr ies the most common cause of dermatomycoses of smooth 
and lanugohaired sk in. Also occurs in the hair  of the head and beard. Prob
ab ly ident ical with Kaufmann-Wolf-fungus i n  many cases, especial ly when 
wh ite-downy cultures do not form any p igment. 

c) Trichophyton verrucosum 

Especial ly common i n  country areas as th is  fungus occurs predominantly 
in  cattle. Ch i ldren and calves are affected most. Towndwel lers can be affect
ed after ho l idaying  on the farm. T. verrucosum grows extremely s lowly. For 
th is  reason one should n ot make a f ina l  evaluat ion of cu ltures i n  less than 
14 days. One can even wait three weeks for th is fungus to develop. 

d) Trichophyton violaceum 

An especial ly variable fungus.  The cu lture growing out of scalp hairs are 
most typ ica l ly vio let. Very common in the M idd le  East and Africa it occurs 
i n  p ract ical ly a l l  the Med iterranean countries. Endemie in Europe. Chi ldren 
and adu lts a l i ke can be affected. 

lt  is somet ime d ifficu lt to identify the p i n k  or downy-white var iants so every 
laboratory shou ld  be supp l ied with several cu ltures for comparison. 

e) Other Trichophyton species 

lf required the rarer species w i l l  also be d escr ibed and i l l ust rated in a later 
edit ion .  

3. E pidermop hyto n 

In the genus Epidermophyton which is d isti ngu ished by smooth but typ ical ly 
c lub-shaped macrocon i d i a  (at the same t ime as complete absence of micro
con id ia) there exists at the moment on ly one s ing le  species. 

a) Epidermophyton floccosum 

Characterist ical ly the cu lture is green ish-grey with yel lowish and even 
redd ish  t inges here and there, and after growth of about 1 -2 weeks small  
white f locks of cottonwool-type aerial  myce l ia  develop.  

l t  main ly occurs in the gen itocrural area and gro in ,  but can also occur on 
the l imbs,  o n  the tru n k  und even someti mes in the nai ls. 
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B. Yeasts 

By yeasts (Ge rman: Hefen ,  F rench: lev u res) one today u n de rstands the pe r
fect and imperfe ct yeast f ungi  summ arized i n  Lodde rs's syste m ( 1 970) ,  
wh ich for m buddi ng-cel ls on the one hand, but  also s how othe r morpholog
i cal cr ite ria, e. g. pseudomycel ium,  true mycel ium, arth rospores,  chlamydo
spores, ascospores, etc. 

The nu mbe r  of yeast gene ra and species  which are to be found i n  nature 
and the ref ore i n  man's e nv i ronment  is ofte n q u ite wrongly est imate d ,  and 
so a briet summary of these is g ive n: 

1 . Perfect yeasts 

1 .  Ge n us Citeromyces 1 2. Ge nus N adsonia 
2. Ge nus Coccid iascus 1 3. Gen us Ne matospora 
3. Ge nus De baryomyces 14. Gen us Pachysole n  
4. Ge nus De kke ra 15 .  Ge nus P i ch ia  
5.  Ge nus En domycopsis 16. Ge nus Saccharomyces 
6. Ge nus Hanse n iaspora 17 .  Ge nus Saccharomycode s  
7 .  Ge nus Hanse n ul a  1 8 .  Gen us Saccharomycopsis 
8 .  Ge n us Kl uyve romyces 1 9. Gen us Schizosaccharomyces 
9. Ge n us L ipomyces 20. Gen us Schwan n iomyces 

1 0. Ge nus L odde romyces 21 . Ge nus Wicke rhamia 
1 1. Ge nus Metsch n i kowia 22. Gen us Wingea 

2. lmperfect yeasts 

1 .  Ge nus B rett anomyces 7 .  Ge nus Rhodotorul a  
2. Genus Candida 8. Ge n us Schizobl astosporion 
3.  Ge nus Cryptococcus 9. Gen us Ste rigmatomyces 
4. Ge nus Kloeckera 1 0. Ge nus Tor ul opsis 
5. Ge nus Oospor id ium 1 1. Gen us Trich osporon 
6 .  Ge nus P ityrosporum 1 2. Ge nus Trigonopsi s 

3. Yeast-like fungi belonging to the Ustilaginales 

1 .  Ge nus Le ucospor id ium 2. Ge nus Rhodospori d i u m  

4.  Yeast-like fungi belonging to the Sporobolomycetaceae 

1 .  Gen us B ulle ra 3. Ge nus Sporobolomyces 
2. Ge nus Sporidiobolus 
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The n u m be r  of the v arious ye ast spe cies amo u nt to seve ral h u n d red .  There 
are 8 1  d iffe re nt Cand ida spe c ies alo ne. Such d iffe re n tiatio n wo uld be too 
much fo r a ro ut ine labo rato ry. The refo re it is most useful  to be able to use 
pro ce d u res  req u i r ing  a l i m ited trai n i ng programme and us ing a re aso nable 
amo u nt of t ime and mate rial. 

Test on Rice Agar 

Th is spe c i al me d i u m  has prove d useful  f i rstly in pro d ucin g, with a h igh 
de g ree of ce rtainty, the ch lamydospore s  of Candida al bicans. Se condly it 
allows o r  facil itates,  in many cases, a d i ffe re nt iatio n  at the ge nus level by 
ev al u atio n  of furthe r mo rphologi cal crite ria such as fo rmatio n  of pseudo
mycel ia, true mycel ia,  s pl itti ng i nto arthrospo res, etc. 

Candida albicans 

This is usual ly the most impo rtant pathoge n i c  Cand ida spe c ies,  and a 
cause of Cand idosis.  The te rms co ine d  i n  the prev io us  ce ntury - Oid io my
cosis, Mycoto rulosis and Mo n i l iasis - h ave lo ng bee n dro pped; the oc
casio nal co nti n ued use of t he te rm Cand id iasis is wrong fo r two re aso ns: 
1. t he e n d ing  - i asis is used today to mean d iseases cause d  by protozoa or  
ve rmin ; 2.  the ste m  Candid- has no - i  o n  the end (as e .  g .  Mo n il i-) . Th is te rm 
is now, howeve r, slowly but sure ly d isappearing fro m  ge ne ral use. 

Cand ida al bicans can be ide ntifie d  mo rpho lo g i cally and physio log ically. A 
t imesav i ng and e legant method of co nc lus ively ide ntifying it is by the defin ite 
dete ctio n  of  chl amydospo re s  typical fo r th is  spe c ies. 

C. Moulds and other fungi 

F u n g i  wh ich belo ng ne ithe r  to the de rmato phytes no r the yeasts are labelled 
"Mo ul ds  and othe rs". Also i n  th is gro u p  are the pathoge ns of ce rtain 
"syste m i c  mycoses" s u ch as h isto plasmosis,  North Ame rican bl astomycosis, 
So uth Ame rican b lasto mycosis (paracoccidio ido mycosis), spo rotrichosis ,  etc. 

I n  myco lo g i cal labo ratory tests it is rathe r too ambitious to ai m to re cognize 
every mo u l d  fungus  that occurs. Ne ithe r  the pe rso n ne l  no r the facilities 
wo ul d be av ai lable fo r th is .  Howeve r, fo r practical pro cedure the fo llowing 
adv i ce is g ive n: a fe w mo u ld  fungi sho u ld be take n  i nto the train ing pro
gramme ,  so th at all tho se wo rking i n  the labo rato ry know exactly wh at these 
few re prese ntatives loo k l i ke macrosco pically and microsco pical ly. I n  the 
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present edition of " Laborato ry Myco logy" two espec ial ly common mou lds 
are presented in such a way that they are easi ly recognisable as they occ u r  
in  speci mens i n  the Jaboratory. 

1. As pergillus fumigatus 

I n  contrast to other mou lds this withstands temperatu res of 37° C and ov er. 
Theref or e th is f ungus is  the most common cause of J ung mycoses in our  
latitude. 

Occu rrence of this f u ngus i s  however not limited to the mycotic Jesi o ns and 
is theret ore not proof of asperg i l losis but of course by no means precl udes 
it. Def i n ite identif ication of thi s  f ungus m ust be guaranteed i n  the labo ratory. 

2. Scopulariopsis brevicaulis 

F ormerly belonging to the penic i l lia, relativ ely common in nai ls ,  especial ly 
i n  old big-toe nails. Macroscopi c  and mi croscopi c  shapes are very charac
teristi c so that identif ication is not diffi cult atter a short period of mycolog ical 
train ing .  

For the ev aluati on of the pathological si gnif icance i n  indivi dual cases clinical 
f i nd ings and microscopic appearance are important. 

VII. Microscopy in mycology 

Apart f rom the macro-morphological characteristics the micro-morpho l og ical 
p icture is also taken i nto account in  the detection  and identification  of f u ngi . 

U nder certain ci rcu mstances pathogenic f ungi  grow i n  such different fo rms 
on the ski n ,  on mucous membrane and i n  the inner organs, that thei r  appear
ance div erges very greatly f rom the cu lture forms and identification i s  diffi
cult or i mpossi ble. 

lt liv ing tissue is attacked by f ungi one talks of the parasiti c stage of the 
fungus; if the f u ngus is  l ivi ng on dead o rgani c  material  then one tal ks of the 
saprophytic stage. Paral lels to pathogeni city are not necessari ly to be drawn 
f rom this. 

M icroscop ic exam ination  is applied to both stages. 
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A. Microscopic direct preparations 

By these one understands the m icroscop ic  exam i nation of material taken 
from d i sease man ifestations .  This often entai ls so-cal led fresh p reparations,  
wh ich are exam i ned whi le sti l l  fresh ,  i .  e .  n ot after fixat ion.  

1 .  U nstai ned preparations 

a) Preparations with caustic potash solution 

Sk in  scales, na i l  part ic les or ha i r  stumps are f i rst made very smal l  and then 
p laced onto the s l ide  in 1 -2 d rops of 1 0-20 % caust ic potash solut ion. For 
this one uses a d issect ing need le,  w i re loop or mycological  hook (a bent 
w i re loop) .  After the coverg lass has been p laced on top, the p reparation is 
carefu l ly warmed (but not boi led) over a smal l  f lame, as hot caust ic potash 
breaks down the kerat in  more qu ick ly. 

Accord i ng to the density of the material  to be exami ned, m icroscopic exami
nat ion can be carried out at f i rst with a low power objective and with sus
pected fungus threads (hyphae) with a strenger objective. In general one 
can on ly be sure of recog n iz ing fungus threads. lt  is  almost impossib le to 
determine budd ing  cells on sk in ,  ha i rs and nai l s ;  therefore a cu l ture is  abso
lutely necessary for making s u re. 

O n  the other hand it is  eas ier  to detect budd ing  cel ls i n  vag ina l  secret ion ,  
sputum, gastric j u ice o r  i n  smears f rom other areas havi ng a mucous 
cover ing .  

b) Preparations i n  physiological sal ine solution 

S mears from mucous membranes and f lu ids  such as gastr ic j u ice, spinal 
f lu id ,  etc. are also exam i ned with phys iolog ical sal ine solut ion instead of 
caust ic potash so lut ion (which would however n ot be damag i ng) . 

2. Stai n ed preparations 

a) Methylene blue staf ning 

Yeasts in vag ina l  secret ions may be d etected when one d rop of secretion 
is m ixed with one d rop of satu rated methylene b lue  solut ion d i rectly on the 

'
s l ide. After just 30 seconds the preparat ion can be exam i ned m icroscopi
cal ly. 

Warning: l t  is i mportant not to underval ue the rate of fai lu re of this stain ing  
procedu re .  A h igh  percentage of  posit ive cases is not  detected ; therefore 
the resu lt of the cu l ture is absolutely necessary at the beg i n n i n g  of treat
ment. 
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b) Staining with Parker ink 

This can be of use in routine,  but is no more successful than si mp le causti c 
potash preparation,  (it is howeve r more difficu lt ) .  

3. Histologie examinations 

O n ly to be used in exceptional cases in the mycology laboratory. lf  re q u i re d  
this wi l l  be discussed late r. 

B. Mi croscopic culture preparations 

Exami nations are carried out ei the r  through the g lass side of a test-tu be o r  
by obse rvation o f  a cu l ture i n  a Petri dish from above. The so-cal le d  mic ro
cu ltures  are espe cia l ly suitable for this, and those of lto and Refai are best. 
Dissected preparati ons or smears on the slide are f u rthe r  possib i lities. 

1. Observation of the macro-culture through the microscope 

The lid of the Petri di sh contai ni n g  the cu l ture is re moved and t he Petri 
di sh is then placed on the stage of the mi croscope. The n a low powe r  ob
je ctive (e. g. 10 X or  16 X )  is careful ly moved close to the edge of a colony 
without letti ng the objective touch the su rface of the fungi. As soon as a 
b lu rred  picture of the edge of the colony appears i n  the visual He ld the o b
jective is lowered with the use of the fine adjustme nt. Mic roconi dia  and 
macroconidia  as we i l  as othe r  criteria can the n  be found by adj ust ing the 
focus. lf the use of a more powe rful objective is desi re d, the n  on ly m i c ro
scopes with a large worki n g  space are suitable. 

2. Micro-cultres accord ing to lto and Refai 

A Pe tri dish contai ning Ki mmig Agar is "wi ndowed"  i n  3 or  4 p laces, i. e .  
re ctangular stri ps of  agar, 1 h  cm wide by 2 cm lang ,  are cut out  w i th  a ste ri le 
scalpe l  (the strips are not neede d afte rwards). The re ctangular spaces left 
in the agar are inocu lated on 3 si des with the fungal e le me nts to be examin
ed  and the n cove re d by cove rglasses i n  such a way that about 1h cm i s  left 
f ree in orde r  to al low ai r i nto the area. 

U nde r the prote ction of the cove rglasses  the fungus cu l tures  can deve lo p  
we i l  and i n  this way the dange r  o f  contami nation o f  the surface is  avoided 
whe n  the cu l ture is examined unde r  the microscope with the lid of the Petri 
dish re moved.  

The re is always suffi cie nt moisture around the free areas which can re ach 
the mi cro-cultures, so that i n hib ition of g rowth through early d ry ing out  is 
avoi ded. 
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VIII. Therapy control 

Dur ing the course of treatment of a part icu lar case it is occasional ly neces
sary to test m icroscopical ly and cu ltural ly the effect of the therapy and to 
eval uate crit ical ly the resu lts. 

A negative fresh preparation can i nd icate that fungus i nfection is  no langer 
present or that the fungal elements are not recog nisable as s uch . The cul
ture w i l l  be of further he lp .  

A positive fresh preparation g ives no c lear  i nd i cation of whether the fung i  
are st i l l  al ive o r  already dead. C larif icat ion  of th is  po int can be obtained 
from the cu lture. 

A negative culture can mean that l iv ing fung i  are no langer detectable. 
However, the cu lture may also be negative because the medicaments used 
are stick ing  to the material  u nder examination. 

Positive cultures resu lt when the dai ly dose has been too low or the length 
of treatment too s hort ; i t  could also be d ue to resistance. 

lf  a fungus g rows wh ich is d i fferent from that or ig inal ly detected, a change 
of pathogen has taken p lace. 

IX . Determination of resistance 

Determ i nation of res istance p lays a much lesser role i n  myco logy than in  
bacter io logy. The reasons for th is  are  many and varied. Determination of 
res istance is often m istaken ly req uested. 

When is it sensible to determine resistance? 

1. At the beginning of therapy: with general ized mycoses or local ized organic 
mycoses the quest ion of the most effective therapy must be answered as 
rel iably as poss ib le  before the beg i n n i n g  of the t reatment. 

As i t  i s  usual ly yeasts w hich are concerned, the t ime spent - about 2 days -
i n  determi n i ng res istance or rather sensit ivity of the isolated yeasts is worth
wh i le, as it avoids a treatment last ing  a few days or weeks with a medica
ment w h ich could be i neffective. With mou lds the determi nation of sensitivity 
lasts a few days langer, with dermatophytes u p  to 3 weeks. 
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2. During therapy: when resistance to therapy occu rs it must be made cl ear 
whether a poss ible resistance of the pathogen (to the antimycotic used) 
could be the cause. 

lt is not necessary to rout inely determ i ne resistance or sensitivity to Nystat in ,  
Natamycin/P imaricin and Amphoteric i n  B either i n  the pract ise o r  i n  the 
cl in i c, as  truly resistant strai ns have not yet been fo u n d. 

S imi larly, determining res istance or sens it ivity to G riseofulv in is only 
consid ered in  rare cases, for dermatophytes which show no c u rl i ng 
effect have not yet been found either. B ut on the other hand, there are 
dermatophytes which conti nue to g row weil on Kimmig Agar at G r iseofulv in  
concentrations of 1 : 10 .000 to 1 : 20.000 (at h igher con centrations the G riseo
fulvin goes crystall ine in  the medium) ; nevertheless, the i nfections caused 
by such (apparently resistant) strai ns of dermatophytes can be treated suc
cessful ly with G riseofu lvin. 

There are however certa in  cases which do not heal when treated with 
G riseofu lvi n, al though the isol ated dermatophytes are q u ite sensi tive to it. 
Here the reasons for res istance to therapy are to be found elsewhere. 

Procedures for determining resistance 

Preliminary culture: the fi rst and part icularly important prereq u isite for an 
eval uation of r-esistance is the cultivat ion of a pure cultu re of the stra i n  to be 
examined. lt must not be a mixed cu lture with bacteria or  other fung i .  The 
med i u m  for the prel i m inary culture (e. g .  K immig Agar or Sabouraud Dex
trose Agar) must g uarantee a rich growth, for exampl e  a good formation  of 
spores i n  the case of mould fungi. 

Test substances: u nl i ke bacteriol ogy, sensitivity d iscs of all those su bstances 
to be considered are not yet widely used. l t  is therefore advisabl e  to e n q u i re 
of the man ufacturers of the appropriate anti mycotic to see if a test can 
be applied. 

However, it is possib le to carry out a test with either the pure s ubstance, o r  
therapeutic preparations. A test such a s  th is  wil l  form a g u idel ine a n d  enable 
a judgement to be made. 
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lnoculation: the med i u m  can be inocu late d using a loop o r  mycological 
hook, but suspe nsions of fungal e le me nts g ive zone s  of i n h ibit ion which are 
more e asy to re ad. Yeast-ce lls ,  fungus spores  o r  broke n  d own myce l i u m  are 
suspe n de d  in p hysiolog ical sal i ne sol ut ion and spread with a p i pette onto 
a sol id med i u m .  Whe n  testing 5-Fl u cytos in  (Ancot i l )  a spe cial  med ium is ne
cessary, othe rwise K immig  Agar or Sabo u raud Dextrose Agar are ve ry 
su itable. 

Afte r the su rface has d ried the medicament is placed on top, e ithe r  as se n
sitiv ity d iscs, or  a smal l  amount of  the pure substance ,  or  the re ady-made 
pre parat ion (oi ntme nt,  cre am,  paste ,  etc. ). About 1 g of the pre paration is 
best put into a hole wh ich has bee n carefu l ly stamped out of the medium 
wi th  a tube ,  e it he r  before o r  afte r inocu lat ion. 

Reading can be made for yeasts at the ear l iest afte r 16 hours, but more 
usu ally afte r 1 - 3  days, for m o ul d  fung i  afte r 3-8 days, and for de rmato
phytes afte r 1 -3 wee ks. Measure me nts are made of the d iameters of the 
zones of i n h ib i t ion ,  but an im portant factor whe n  making t he assessme nt is 
whethe r  o r  not a zone of i nh ib it ions has fo rmed at al l .  

l f  n o  zone of  i n h ib it ion is  dete r mi ned ,  t he n  e it he r  the fungus strai n is re
sistant to t he substance be i n g  te sted, or the substance does  not d iffuse in  
the me d i u m, a lthough t he fungus may be se ns itive. 

X. Mycotheque 

A colle ction  of fungus strains i s  called a Mycothe q ue.  This i s  ind ispe nsible 
for the pu rpose of comparison. M o re about th is wi ll be writte n in a late r 
pub l icat ion. 
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Kimmig Agar 

Sele ctive med i u m  f o r  dete ct ion of de rmatophytes, yeasts and m oulds. 

Composition : 

N utr ie nt broth I I  

Pe ptone from meat 

Dextrose 

Glyce rol 

Sod i u m  ch loride 

S pec ial agar 

Pe n i c i ll i n-G sod ium 

Stre ptomyc i n  su lphate 

D ist i lled wate r to 

pH 6 .5 

Characteristics : 

15.0 g 

5.0 g 

10.0 g 

5 .0 m l  

5.0 g 

20.0 g 

40.000 1. U .  

0.04 g 

1.000.0 ml  

The me d i u m  is  yell ow i n  colour. l t  i s  suppl ie d  i n  p lates. F o r  the suppression 
of acc o m panyin g  bacte ria  in extre me ly contaminated mate ria l ,  pe n ici ll i n  and 
stre ptomyc i n  are i n clude d. 

Whe n  store d  i n  the ref rige rator the med iu m  lasts 4 months. 

lnstructions for use : 

The m ate rial  to be e xami ned (skin scales,  hairs,  nails, e tc.)  can be bro ke n  
down fi rst o r  inocu late d stra ight onto the me dium.  Howeve r, a s  bacte ria of 
the accom panying fl ora can g row to a ce rta in  e xte n t  i n  spite of the addit ion 
of i n h i b i t ing  age nts it is re comme n de d  to i nocul ate seve ral p lates in  as many 
p lace s  as poss ib le .  

l ncubat ion  lasts f ro m  5 t o  30 days at room te m pe ratu re and i n  some special 
cases also at 37° C. To av oid  de hydratio n  it is recomme n de d  to reseal the 
d ishe s  with tape before i ncubat ion,  but th is  shou ld  not be done hermet ical ly 
as th is  woul d  p revent a i r  exch ange. 

Evaluation : 

De rmatophytes  (f ung i  of the ge nera Trichop hyton ,  M i c rosporum, Ep ide rmo
phyton and Ke rat inomyces) f orm a characte ristic g rowth,  as do yeasts and 
the most common moulds. 

34 Laboratory Mycology 



Selective Agar for pathogenic fungi 

Selective med ium for the dete ct ion of de rmatophytes, yeasts and m o u lds.  

Composition : 

Soya me al pe ptone 

Dextrose 

Agar 

Cyclohexi mide 

Chloramphe n icol 

Distilled wate r to 

pH 6 .9 

Characteristics :  

1 0.0 g 

1 0.0 g 

1 5.5 g 

0.4 g 

0.05 g 

1 .000.0 ml 

The med ium is yell ow in colour .  lt i s  su ppl ied i n  plates.  F o r  suppressi ng 
accompanying m icroorganisms cycloheximide and ch loramphe n ico l  are 
added .  

The me d ium l asts 6 month when store d  i n  the refrige rator. 

lnstructions for use : 

The mater ial to be examine d  (ski n scales, hai rs, nail s, etc.) can be bro ke n  
down f i rst or  inocul ate d straight onto the med i u m .  Howeve r, as bacte ri a  of 
accompanying flora can grow to a ce rtain  extent  in spite of the addit ion 
of i nh ib it ing age nts it is re comme n ded to inoculate seve ral pl ates in  as many 
places as poss ible .  

l ncubat ion lasts from 5 t o  30 days at room te mpe ratu re and i n  some spe c i al 
cases also at 37 ° C. To avo id de hydrat ion it is re comme nded to rese al the 
d ishes with tape before incubation, but th is shoul d  not be done he rmet
ical ly as this woul d  prevent  ai r change .  

Evaluation : 

De rmatophytes (fungi of the ge ne ra Trichophyton, M ic rosporum,  Ep ide rmo
phyton and Ke rat inomyces) form a characte ristic g rowth as do yeasts and 
the most common mou lds. 
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Sabouraud Dextrose Agar 
Sabouraud Medium 

Med ia for the exami n at ion ,  isolat ion and storage of dermatophytes, yeasts 
and moulds .  

Composit io n : 

Special  peptone 

Dextrose 

(Agar 

Dist i l led water to 

C h aracteristics : 

pH 5.5 

1 0.0 g 

20.0 g 

1 7.0  g) 

1 .000.0 ml 

The med i u m  is  l i ght yel low i n  colour.  Sabouraud Dextrose Agar is suppl ied 
in  p lates or slant tubes, Sabou raud Med i um is s uppl ied in tubes. The fast
growing  bacteria are i n h ib ited by the low pH value of 5.5. The g rowth of 
yeasts and other fung i  is u n i n h ibited. 

The med i u m  lasts 6 months when stored i n  the refrigerator. 

l nstructions fo r use : 

The material to be exami ned (ski n scales, hairs, nai ls ,  etc.) can be broken 
down f i rst or i noculated straight o nto the medium.  However, as bacteria of 
accompanying f lora can grow to a certai n extent in spite of the add it ion of 
i n h i b i t ing agents it is recommended to i nocu late several d ifferent plates i n  as 
many p laces as possi ble .  

l ncu bat ion lasts f rom 5 to 30 days at room temperature and i n  some special 
cases also at 37° C. To avo i d  dehyd rat ion i t  is recommended to reseal the 
d ishes with tape before i ncu bation, but th is  should not be done hermet
ical ly as th is  would prevent air change. 

Evaluatio n : 

Dermatophytes (fung i  of the genera Trichophyton ,  Microsporum, Epidermo
phyton and Kerat inomyces) form a characterist ic g rowth, as do yeasts and 
the most common moulds .  
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Candida Agar 

mod ified according to Nickerson 

Se lective med i u m  fo r detection of Candida spec ies and othe r  yeasts. 

Composition : 

Yeast extract 

G lycine 

Dextrose 

B ismuth Su lph ite- lnd icato r 

Agar 

Disti l led  wate r to 

Charac teristics :  

1 .0 g 

1 0.0 g 

1 0.0 g 

8.0 g 

20.0 g 

1 .000.0 m l  

The me dium has a m i l ky, clo udy co lo u r. lt  i s  supp l ied  in  plates. The med i u m  
is use d  fo r the se le ctive growth o f  Candida species  and othe r  yeasts. l t  is 
presumed that b ismuth ammon ium citrate fo rms an ino rganic bismuth su l
phite with so d i u m  sulph ite ; th is co mplex is re d uced to metal l i c  b ismut h  
by ye ast species. This causes blackness, and i n  many cases  a metal l i c  sh ine 
on the cu ltures.  

When sto red  in the ref rige rato r the me d i u m  lasts 2 mo nths. 

lnstructions for use : 

The mate rial to be examine d  (smear fro m  the vagina, smears fro m  wo unds, 
se cretion from wo unds,  se cretion fro m  the urinary tract, ur ine se d ime nt, 
sputu m,  sal iv a, gastric ju ice ,  t issue ,  etc.) is inocu late d straig ht onto the 
med i u m .  

lncubation lasts 2 - 5  days at 37° C and roo m te mpe ratu re .  

Evaluation : 

Candida species  and othe r  ye asts have the fo l lowing growth fo rm : Me d i u m
sized (2-3 mm),  ro undish,  rathe r protruding,  co nvex, brown-black, s h iny o r  
d u l l  co lo n ies.  
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Rice Agar 

Med i u m  used main ly for demonstrat ing  ch lamydospores and for the morphol
og ical d ifferentiat ion of yeasts and d i morph ic  fung i .  

Composition : 

I nfusion from rice 

Agar 

D ist i l led water to 

Characteristics : 

20.0 g 

20.0 g 

1 .000.0 m l  

T h e  m e d i u m  is al m ost transparent a n d  has a very weak whit ish-g rey o pales
cent effect. lt is used as p lates and very su itab le for morphological stud ies 
of Can d ida and other yeasts. C h lamydospores are wei l  demonstrated. 

When kept in the refr igerator the med i u m  lasts 3 months. 

lnstructions for use : 

l nocu lat ion is carried out by making 3 paral le l  o r  j oined streaks with a very 
l i ttle m aterial of a previous cu lture 1 c m  apart from each other, which are then 
covered with a steri le  coverg lass. l n c u batio n  l asts 24 to 48 hours at 20°-
250 C and shou ld  o n  n o  accou nt take place in the incubator at 37° C. 

Evaluation : 

At m i d d l e-power magn ificat ion the ch lamydospores of Candida a lbicans 
which g row between the coverglass and the med ium,  are eas i ly recogn izable 
under  the m icroscope. The pseudomyce l i u m  also develops qu ickly; true 
myce l i u m  and arth rospores occ u r  a l i tt l e  later when appropriate species 
(esp. Candida and Trichosporon) are in q uest ion .  
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Microscopic direct preparations 

Skin sca le  from a ch i ld 's  head with 

thick c l usters of hardly recog n is

able t iny fungus spores. 

Br ight f ie ld preparat ion 

Low magn ification 

Culture on Kimmig Agar 

Hair  of a ch i ld 's  head i nfected with 

c lassic m icrosporosis. In  top right 

posit ion are two air bubbles, under

neath is the boundary of the fungus 

attack in  the hair. 

H igher magn ification 

Typical subculture made from a pr imary cu ltu re which was very d ifficult to 

identify. The inocu lated part ic les h ave deve loped into a button-shaped 

formation in  the centre ; from this furrows can be seen rad iat ing outwards. 

The su rface of the cu l ture is f ine, velvety and l ight brown in  colour ;  the 

p igment around  the culture is hardly not iceable in the agar. 

The culture is  2 weeks o ld .  The aerial myce l i u m  is st i l l  completely steri le. 

The formation of m i crocon idia and macroconid ia  often occurs only after 

several weeks. 

Microscopic culture preparations 

Rough-wal led sp ind le-shaped spo

re, pointed at both ends,  o n ly found 

after long search ing  amongst the 

branched aerial myce l i u m  

40 

Two macroconid ia (spind le-shaped 

spores) of d ifferent form between 

th in  myce l ium threads. The septa

t ion of the spind les can be clearly 

seen. 
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Mikrosporum audouinii 



Microscopic direct preparations 

Sk in  scale with many branched 

fungus threads. 

Phase-contrast preparation 

Low magn ification 

Cu lture on Kimm i g  Agar 

Hai r with a thick cuff of very small  

fungus-spores. 

Many spores are situated around 

th is  - s ingly and i n  groups. 

A typ ical g iant culture made u p  of several single colon ies growing together :  

very f i n e ,  rad ial threads o f  yel low-orange p ig ment, a n d  stronger, whit ish, 

wooly myce l i um at the poi nts of contact between the i ndiv idual colon ies. 

A smal l  bunched bacteria colony can be seen at 1 0  o'c lock stick ing to the 

i nocu lated scale material .  

The cu lture is  2 weeks o ld .  At th is  t ime the fi rst macrocon id ia  start to 

deve lop i n  the areas where the myce l i u m  is th ickest. 

Microscopic culture preparations 

Rough-wal led sp ind le-shaped spo

res on f ine, b ranched mycel ium,  

g rown i n  an lto-Refai m icro-culture 
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Almost smooth-wal led macroconi

dia (sp ind le-shaped spores), point

ed at the ends and septate in sev

eral p laces. Suspended in physiol

og ical NaCl-so lut ion 
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Mikrosporum canis 



Mic roscopic direct preparations 

Skin  scale from forearm showing 

extremely curved hyphae. I n  some 

places these are already d ivided 

into mycel i u m  spores. The picture 

was taken one week after experi

mental vo l u ntary i nfect ion.  

Wei l  c leared in  caust ic potash 

solut ion 

Cu lture o n  Kimm i g  Agar 

Typical fungus attack of a hair by 

M icrosporum gypseum with rather 

fatter spores than M. audou in i i  or  

M .  canis.  M .  gypseum produces no 

f luorescence with Woodl ight .  

Weakly c leared i n  caustic potash 

solut ion 

The colony is  och re to l ig ht-brown i n  colour and has at the edges th in rad ial  

b ranches of f ine mycel i u m  network, and i n  the centre the beg inn ing  of a 

pleomorph format ion .  The surface is l i ke coarse sand i n  texture because 

of the presence of large amounts of macrocon id ia. 

The culture is 3 weeks old and is fu l ly  mature. Fert i l i sation was luxuriant. 

Only macrocon id ia  were found in the sandy p laces, whereas in the s l ightly 

downy parts smal ler amounts of m icrocon id ia  were also found .  

Mic roscopic culture preparations 

Micro-culture i n  a hang ing  d rop.  

Every macrocon id ium with 4 to 6 

sect ions is fu l ly germinated, how

ever the few s ing le-ce l led m icro

con id ia  are not, although they are 

al ready swol len.  

Brig ht-fie ld  photograph 

Magn if ied 40 fold  

44 

M icro-cu lture on a sol id  med ium 

which can be seen at  the lower 

edge of the p icture. The "fungus 

p lant" is  growing i n  t ree- l ike fash

ion on the medium with macro

con id ia  on the aerial  mycel ium.  

Br ight-f ield photograph 

Magn if ied 40 fold 
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Mikrosporum gypseum 



Mic roscopic direct preparatio ns 

Skin  scale from an area between 

the toes, cleared after half an hour 

with 15 % caustic  potash solut ion.  

l t  has a b ranched vacuolated fun

gus  thread . 

M idd le-power magn if icat ion 

(400 fold) 

Cu ltu re on Kimmig Agar 

Hair  from forearm showing fungus 

attack cleared after 20 minutes i n  

1 5  % caust ic potash solut ion. l t  has 

paral le l  chains of myce l ium spores 

outside and spore-free threads in

s ide. 

M idd le-power magn ification 

(400 fold) 

Cu lture made in  tr ip l i cate by i nocu lat ing  the p late i n  three places with mate

rial  from a pr imary cu l ture. These subcultures grow weil  when protected from 

ai r turbu lence (doors and windows must be c losed, a i r-cond it ion i n g  systems 

must be switched off} , and when material has been careful ly taken from 

areas in the pure cu lture wh ich were not contaminated. 

The fine g ritt i ness, especia l ly  at the edge, is typ ical ,  as are the al mest level 

surface and the colour - whit ish-yel l ow with here and there a h int of red

d ishness. 

The cu l ture is 2 weeks o ld .  Fert i l isat ion is  a lready fu l ly developed, but not 

so much so that t he formation of down takes the upper hand. 

Mic roscopic cultu re preparations 

The fungus threads have changed 

i nto m icroc.on id ia, of which there 

are many to be seen here. M icro

con id ia  formed in th is way are also 

called aleuria.  

A short s p i ral  can be seen on the 

left. 

Magn ified 300 fo ld 
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Five typical macroconid ia which 

are smooth-wal led, septate i n  sev

eral places, s l ightly rounded at the 

ends and all growi ng on short 

stalks from the same position on 

the aerial mycel ium.  

Mag n ified 300 fold 
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Trichophyton mentagrophytes 



Microscopic direct preparations 

Skin  scale from an area between 

the toes, c leared in the usual way 

in caust ic potash solut ion.  lt  has 

isolated round cel ls and branched 

hyphae, some of which show very 

close septat ions. 

Magn ified 350 fold 

Cu lture on K imm i g  Agar 

Hair  with fungus threads g rowing  

i nto i t ,  c leared i n  caustic  potash 

solut ion for s l ig htly longer (1 hour) 

than usual .  Some of the fungus 

th reads have chain-l i ke formations 

of mycel i u m  spo res. 

Mag n ified 400 fold 

Six typ ical subcultures after i noculat ing material from a p ri mary culture. Very 

clear button-l i ke formation in the centre of each cu l ture with rad ial  furrows. 

The per iphery of each colony shows the characteristic wine-red colour 

sh in ing  th rough the very f ine mycel ium.  

Th is  k ind  of  g rowth-form is absolutely " d iag nomonic" for  the  d iagnosis of 

T. rubrum. 

The cu l ture is  4 weeks old .  M icrocon id ia  have been formed very spari ngly, 

macrocon id ia  were not found.  

Microscopic culture preparations 

Very f ine, tang led,  branched fun

gus threads with very small  m icro

con id ia  (aleu ria) a long the hyphae 

which were on ly d iscovered after  

long search i n g .  

Magn ified 200 fold 
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Smooth-wal led, b lunt-ended macro

con id ium d ivided by 3 transversal 

septa ; next to it several un ice l lu lar, 

round to pear-shaped m icrocon id ia. 

Magnif ied approx. 1 000 fold 
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Trichophyton ru brum 



Microscopic direct preparations 

Skin scale from the edge of a les

ion with a g reat number of relative

ly !arge fungus spores ; also fungus 

threads which are f iner and more 

d ifficu l t  to recognize. 

Magn if ied 400 fold 

Cu l ture on Kimm i g  Agar 

Hair  with fungus threads g rowing 

i nto it (on the r ight hand side), part

ly surrounded by a thick coat of 

spores ; th is  is  exposed up to the 

m idd le  of the p icture. 

Magn ified 1 00 fold 

The pure cu l ture is wr in k led in the centre and cerebriform with very narrow, 

rad ial  fu rrows and crater-l ike d ips. lt  has a rubber- l i ke cons istency and on 

the edge i s  a fine dust due to de l icate down format ion.  

Around the cu l ture the vegetative myce l i u m  has g rown deep i nto the med ium.  

The co lour  of  the  culture is  g rey-white to  ochre. 

The cu l ture is  6 weeks old. At this time no macrocon id ia  and on ly sporad

ical ly m i c rocon id ia  were formed. 

Microsco pic c u l ture preparations 

Micro-cu l ture of a f issured sk in  

scale wi th  the development of  a 

b ranched , septate mycel ium.  Us ing 

th is  tech n ique the results can be 

determined rather more qu ickly. 

Brig ht-f ie ld photograph 

Magn ified 80 fold 
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M icro-culture of a bed-hai r o r  cob

hair  from a ch i ld 's  head with fungus 

threads g rowi ng very s lowly out of 

the hair.  Not unt i l  after 6 weeks 

could the d i agnosis be made. 

Phase-contrast photograph 

Magn ified 80 fold 
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Trichophyton verrucosum 



Microscopic direct preparations 

Sk in  scale o n ly very s l ightly c lear

ed in caust ic  potash solut ion,  with 

a fungus  thread of many branches, 

and several iso lated rou n d  cel ls 

(poss i b ly fungus spores) . 

Culture on Kimmig Agar 

Hair  from a dark-hai red ch i ld 's 

head.  The fungus infection is 

especia l ly weil  marked on  the edge 

where the fungus spores are sti l l  

i n  chain format ion .  

Two very characteristic growth-form variat ion s :  the one has compact, brown

vio let co lon ies of repressed growth and rubber-l i ke consistency; the other 

has • downy wh ite colon ies wh ich g row more qu ickly and have luxuriant 

format ion  of m icrocon id ia  and macrocon i d ia. 

The cu l ture is 3 weeks o ld .  The sparsely developed aerial mycel ium of the 

dark co lon ies is completely steri le. 

Com pare also the p icture on the cover which shows further variat ions of 

th is ext remely variable fungus.  ( l t  has altogether about 1 2  d iffe rent varia

t ions. )  

Microscopic culture preparation s 

Ster i le  myce l i u m  with branched, 

septate fungus threads from the 

edge of a verrucous brown-vio let 

colony three months o ld .  

52 

M icroco n i d i a  and macrocon id ia  

from the edge of a downy-white 

to f ine-g ritty variant three m onths 

o ld .  
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Trichophyton violaceum 



Microscopic d irect preparations 

Sk in  scale from th igh with a tang le  

of  extremely b ranched fungus 

threads g rowing i n  whor ls .  I n  parts 

these are very narrowly septate o r  

div ided into spores. 

Weakly c leared in caustic potash 

solut ion 

Cu lture o n  K immig Agar 

Sk in  scale from the i ngu ina l  area 

with a very large amount of fungus 

threads almest total ly transformed 

into spores at d ifferent levels of the 

preparat ion.  Some of these are st i l l  

very young  and  de l icate. 

Cleared more strong ly in caustic 

potash sol ution 

Very typical subcultures, greyish-g reen in colour with s l ight crater formation 

i n  the centre and flat rad ial  "fu rrows. 

The occu rrence of f ine, downy-wh ite flocks, i rregu larly d istr ibuted over the 

surface of the colon ies is characterist ic for Epidermophyton floccosum. 

The edge of the colon ies is marked by the mycel ium growing deep into the 

agar. No aerial mycel ium has formed in these areas yet. 

The cu l ture is  3 weeks o ld .  The surface had large numbers of macrocon id ia. 

Microcon id ia  never occur with Epidermophyton floccosum. 

Microsco pic cu lture preparatio ns 

A cl uster of wei l  developed, relat iv

ely large, septate macrocon id ia, 

some of which are vacuolated , i n  a 

s l ide  preparat ion ,  made after taking 

material from the centre of a cu l

ture. 

Phase-contrast photograph 

Magn if ied 300 fold  
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Sing le  macrocon id ium from a micro

cu lture. The div is ion i nto 3 cel ls is 

weakly vis ib le.  The development of 

septate, tube-l i ke formations from 

the base cel l  can be clearly seen. 

Br ight-fie ld photograph 

Magn ified 400 fold 
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Epidermophyton floccosu m 



Microscopic cu lture preparations 

Cand ida  a lb icans (on the left) with 

coarse pseudomyce l i u m  and ter

minal  ch lamydospores;  on the r ight 

- Cand ida  tropical is  with f iner  

pseudomycel ium and a thick cl uster 

of b lastospores. 

Mag n if ied 400 fo ld  

Rice Agar plate 

Candida parapsi los is  isolated from 

a nai l-plate, with pseudomycel ium 

and round to pear-shaped or  elon

gated b lastospores. 

No ch lamydospore-formation is vis

ib le .  

Magn ified 400 fold 

Typical ly  i nocu lated cu l tures of 2 yeast-strain s  to be exami ned. The cultures 

are al ready 4 days o ld  i n  order  to a l low better demonstrat ion.  

Two steri le cover-g lasses per stra in were p laced d i rectly after i nocu lat ion 

on the streaks which at th is t ime were barely d iscern i b le. lnoculation was 

carried out us ing a wire-loop and making f ine streaks with very l ittle material 

from a p rimary cu lture. 

lncubat ion took p lace at room temperatu re. The f i rst read ings are possible 

after j ust 1 6-24 hou rs. 

Microscopic cu l tu re preparations 

Cand ida  krusei with characteristic 

longish b l astospores, from which 

pseudomycel ium has formed. Near 

to these, round ish to short-oval 

b lastospores have also formed . 

Mag n if ied 400 fo ld  
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Trichosporon cutaneum showing 

criteria wh ich determine the d iag

nos is :  b lastospores and true my

cel i um which is d ivided i nto arthro

spores, often in zig-zag formation.  

Mag n if ied 400 fold 
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Rice agar culture 



Microscopic direct preparations 

Round ish budd in g-ce l ls  and elon

gated pseudomyce l i um from vag i nal 

secret ion .  In amongst these one 

can see typical Doeder le ins rods. 

Magn if ied 600 fold 

Cu lture on K immig Agar 

Very f ine,  branched, true fungus 

threads (not pseudomycel ium)  from 

material taken by swab from the 

G lans penis. Buddi ng-cel ls are 

nowhere to be found,  but it is  ne

vertheless Candida alb icans. 

Magn ified 200 fold 

Creamy, compact colon ies after streaking o n  the material with a wi re-loop. 

Although in this case the fungus i s  i ndeed Candida a lb icans it must be 

stressed that many other Cand ida stra ins (total l i ng more than 80 !) can look 

exactly the same. 

Even yeasts of q u ite d i fferent genera, e .  g .  Torulopsis,  are very d ifficult or  

even i m poss ib le  to def ine macroscopical ly. 

l mportant : Gare m ust be taken when making the d iagnosis.  R ice Agar helps 

i n  d ifferentiat ing  and in determi n i n g  whether it is a case of Cand ida alb icans 

or n ot. 

M icroscopic cu lture preparations 

Typical p icture of the edge of a 

m icro-cu l ture o n  K immig  Agar : 

th ick c l usters of b lastospores and 

wel l-developed pseudomyce l ium 

growing u pwards. 

Mag n if ied 400 fo ld  
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Typical picture of Rice Agar culture:  

large amou nts of very characteristic 

ch lamydospores on the coarse 

pseudomyce l i u m ;  smal l  blastospo

res can also be seen.  

Magnified 400 fold 

Laboratory Mycology 



Candida alb' 

� 

1cans 



Microscopic d irect preparations 

Diffuse fung us g rowth i n  human 

l ung  t issue. Branched, septate my

cel i u m  without v is ib le d amage to 

the fungus.  

Mag n if ied 200 fo ld 

Cu l ture o n  K i m m i g  Agar 

Part of a smal l  asperg i l loma from 

a human lung .  The fungus cells are 

g reatly changed due to the defen

sive power of the lung-t issue. 

Magn ified 1 00 fold 

Pr imary culture from bronch ial secret ion.  Bacter ia  have grown in the centre, 

around  these one can see several n on-confluent colon ies of Asperg i l lus 

fumigatus g rowing on the various i nocu lated places on the p late. This ind i

cates that the material was p ri mari ly interspersed with nests of mycel ium 

and was n ot coi nc idental ly contaminated with  con id ia  from the surrounding 

area. 

The cu l ture is 2 weeks o ld .  Fruct ification was fu l ly developed at this point. 

l t  is  to be n oted that inexperienced col leagues p resumed it to be a common 

pen ic i l l i um .  

Microscopic cu lture preparations 

Micro-cu lture with n umerous, com

pact Asperg i l lus  heads v iewed from 

above. The con id ia  chains have 

developed to half length and do n ot 

d iverge. 

Magn if ied 60 fo ld  
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S ing le  con id ia  head with conidia 

start ing to form on the sterigmata 

wh ich are situated in a row. The 

con id ia  are typical ly centripetal ly 

formed. 

Mag n if ied 800 fold 
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Microsc o p ic d irect preparations 

Sk in  scale from an area between 

the toes with a th ick network of 

branched fungus th reads some of 

wh ich are very c losely septate. 

Br ig ht-f ie ld photograph. 

Cu lture on Kimmig Agar 

Nobb ly, curved , branched, septate 

fungus th reads in ch ippings from 

the nai l  of a b ig  toe. 

Phase-contrast photog raph 

M idd le-power magn ification 

Typical  cu l tures after i nocu lation in rosette format ion.  Both the och re to 

g rey-brown coloured pigment and the coarse-g ritty, almost sandy surface 

lead one to th i n k  that Scopular iopsis w i l l  be the d iagnosis. 

However, the d iagnostic decision is  made only when the microscopic criteria 

of the ·fungus have also been taken i nto account.  

The cu l ture is 3 weeks old.  The fungus is  fu l ly d eveloped , has used the 

med i u m  except ional ly wei l and is  wait ing for favourable condit ions to d istrib

ute the con id ia. 

Microsco pic c u l ture preparati o ns 

Chai ns of rough-wal led,  almost 

ech i n u late con id ia  on b ranched ,  

septate myce l i um from t h e  edge of 

a co lony.  

Midd le-power magn ificat ion 
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Short chains of conid ia g rowing out 

of a hair ,  which was experi mental ly 

i nfected by placing it on a culture 
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Scopu lar iopsis brevicaulis  
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