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SaZetak

Uvod: Analiza grade spermija jedan je od najvaznijih koraka u procjeni mus-
kog partnera kod neplodnih parova. Medutim, znacajne medulaboratorijske
i unutarlaboratorijske varijacije mogu uzrokovati poteskoce u tumacenju re-
zultata, pogresne dijagnoze te mogu dovesti do zabuna. Stoga je neophodno
ove varijacije svesti na najmanju mogucu mjeru kako bi se uklonile posljedi¢ne
greske i osigurala medulaboratorijska i unutarlaboratorijska ponovljivost.

Materijali i metode: Uzorci sjemena dobiveni su od 49 uzastopnih muska-
raca koji su dolazili u androlo3ki laboratorij radi procjene plodnosti. Usporedili
smo dva kriterija za analizu grade spermija: 1) razmaz sjemena pripremljen
pomocu boje Giemsa koji smo analizirali prema kriterijima Svjetske zdrav-
stvene organizacije (SZ0) i 2) razmaz sjemena pripremljen bojom Spermac
koji smo analizirali prema striktnim kriterijima. Takoder smo proveli i unutar-
laboratorijsku usporedbu analize grade spermija.

Rezultati: Dijagnosticiranje teratozoospermije prema kriterijima SZ0 i pre-
ma striktnim kriterijima bilo je podudarno kod 45 od 49 ispitanika. Mjera suk-
ladnosti medu promatranjima bila je slicna i kod kriterija SZ0 i kod striktnih
kriterija (kapa = 0,700 za SZ0 kriterij; kapa = 0,715 za striktni kriterij).

Zakljucci: Analize grade spermija prema kriterijima SZ0 i striktnim kriteriji-
ma podudaraju se u postavljanju dijagnoze teratozoospermije i moze se pos-
tici dobra razina sukladnosti medu promatra¢ima nakon odgovarajuceg ospo-
sobljavanja, pazljivog pregleda razmaza i postivanja klasifikacijskih sustava.

Kljucne rijeci: spermiji; neplodnost; muskarac; razlike medu ispitivacima
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Abstract

Background: Assessment of sperm morphology is one of the most importa-
nt steps in the evaluation of male partner in infertile couples. However, sig-
nificant inter- and intra-laboratory variations can cause difficulties in inter-
pretation, misdiagnoses, and consequently lead to confusion. Therefore, it is
necessary to minimize these variations to eliminate consequential errors and
ensure intra- and inter-laboratory reproducibility.

Materials and methods: Semen specimens were obtained from 49 conse-
cutive male patients attending Andrology Laboratory for fertility evaluation.
Two sperm morphology assessment criteria were compared: 1) semen smear
prepared by Giemsa and assessed by World Health Organization (WHO) crite-
ria; and 2) semen smear prepared by Spermac and assessed by strict criteria.
Intra-laboratory comparison of morphological examination was also carried
out.

Results: The diagnosis of teratozoospermia by both WHO and strict criteria
was concordant in 45 of 49 cases. Intra-rater agreement between the obser-
vers was similar for WHO and strict criteria (kappa, 0.700 vs. 0.715).

Conclusions: Morphology assessment by WHO and strict criteria is concor-
dant in diagnosing teratozoospermia and good inter-observer agreement
can be achieved after proper training, mindful smear examination and com-
plying with the classification systems.
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Uvod

Analiza grade spermija, sastavnica analize sjemena, je-
dan je od najvaznijih koraka u procjeni muskog partne-
ra kod neplodnih parova. Svjetska zdravstvena organiza-
cija (SZO) dosada je objavila nekoliko priru¢nika s ciljem
standardizacije postupaka analize sjemena te su kriteriji
SZO postali najsire prihvaceni u pretragama grade sper-
mija u androloskim laboratorijima diljem svijeta (1,2). Na-
dalje, Menkveld i sur. su 1990. godine pokazali da anali-
za grade spermija prema stroZim kriterijima, takozvanim
Tygerbergovim ili striktnim kriterijima, povecava objek-
tivnost i smanjuje unutarlaboratorijsku varijabilnost (3).
Medutim, zbog razlicitih klasifikacijskih sustava, znacajne
medu- i unutarlaboratorijske varijacije i dalje su prisutne
zbog mnostva ¢imbenika, kao $to su tehnike pripreme
razmaza, tumacenje rezultata i iskustvo laboratorijskih
tehnicara (4). Takve varijacije mogu uzrokovati poteskoce
kod tumacenja rezultata, pogresnu dijagnozu te napos-
ljetku dovesti do zabuna. Stoga ih je neophodno svesti
na najmanju mogucu mjeru, radi uklanjanja posljedi¢nih
pogresaka i osiguranja unutar- i medulaboratorijske po-
novljivosti.

Cilj ovoga istrazivanja bio je usporediti dva kriterija ana-
lize grade spermija: 1) razmaz sjemena pripremljen po-
mocu boje Giemsa i analiziran prema kriterijima SZO te
2) razmaz sjemena pripremljen pomocu boje Spermac i
analiziran prema striktnim kriterijima. Takoder smo Zelje-
li provesti unutarlaboratorijsku usporedbu analize grade
spermija. Prema nasim saznanjima, ovo je prvo takvo iz-
vjeSce usporedbe metoda i unutarlaboratorijskih varijaci-
ja provedeno u Hrvatskoj.

Materijali i metode

Ispitanici

Uzorci sjemena dobiveni su od 49 uzastopnih muskara-
ca ukljucenih u istraZivanje, zZivotne dobi izmedu 18 i 50
godina. Ispitanici su dolazili u Androloski laboratorij Klini-
ke za Zenske bolesti i porode, Klinickog bolni¢ckog centra
»Zagreb” u Zagrebu, radi procjene plodnosti, u razdoblju
od svibnja do srpnja 2007. Svi su sudionici prije analize
najmanje 2 dana apstinirali od spolnih odnosa, odnosno
ejakulacije.

Kriteriji

Prema kriterijima SZO (1) normozoospermija definira eja-
kulat s koncentracijom spermija vecom od 20 x 10 sper-
mija/mL, progresivne pokretljivosti spermija > 50% ili ba-
rem 25% spermija s linearno progresivhom pokretljivos¢u
i > 30% spermija s normalnom gradom. Medutim, ovi se
kriteriji mogu koristiti samo kada se analiza sjemena iz-
vodi na 37 °C. Temperatura jako utje¢e na pokretljivost
spermija te bi se ona uvijek trebala analizirati pri kontro-
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Introduction

Assessment of sperm morphology as a component of se-
men analysis is one of the most important steps in the
evaluation of male partner in infertile couples. The Wor-
Id Health Organization (WHO) has so far published seve-
ral manuals in order to standardize semen analysis pro-
cedures and WHO criteria have become widely accepted
in sperm morphology examination at andrology labora-
tories all over the world (1,2). Furthermore, in 1990, Men-
kveld et al. showed that the assessment of sperm mor-
phology by more stringent criteria, the so called Tyger-
berg or strict criteria enhances objectivity and decreases

intra-laboratory variability (3). Nevertheless, due to dif-
ferent classification systems, a significant inter- and intra-
laboratory variation also exists as a result of many factors
including different smear preparation techniques, inter-
pretation and technician experience (4). Such variations
can cause difficulties in interpretation, misdiagnoses, and
consequently lead to confusion. Therefore, it is necessary
to minimize these variations to eliminate consequential er-
rors and ensure intra- and inter-laboratory reproducibility.
The aim of our study was to compare two sperm mor-
phology assessment criteria: 1) semen smear prepared
by Giemsa and assessed by WHO criteria; and 2) semen
smear prepared by Spermac and assessed by strict crite-
ria. We also aimed to carry out intra-laboratory compa-
rison of morphological examination. To the best of our
knowledge, this is the first report on comparison of met-
hods and intra-laboratory variations in Croatia.

Materials and methods

Patients

Semen specimens were obtained from 49 consecutive
male patients between 18 and 50 years of age. The pa-
tients attended Andrology Laboratory, University Depar-
tment of Obstetrics and Gynecology, Zagreb University
Hospital Center, for fertility evaluation in the period from
May to July 2007. All subjects were asked for a minimum
of 2 days of sexual abstinence.

Criteria

According to WHO criteria (1), normozoospermia is defi-
ned as an ejaculate with sperm concentration of > 20 x
10% spermatozoa/mL, progressive sperm motility of >
50%, or at least 25% of spermatozoa with linear progres-
sive motility and > 30% of morphologically normal sper-
matozoa. However, these criteria can only be applied
when sperm analysis is carried out at 37 °C. Sperm mo-
tility is highly influenced by temperature and should al-
ways be assessed under controlled thermal conditions
(5). Since, the motility analysis at Andrology Laboratory
was performed at room temperature (22 °C), we had to
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liranim temperaturnim uvjetima (5). Buduci da se analiza
pokretljivosti spermija u Androloskom laboratoriju Klinike
za zenske bolesti i porode izvodila na sobnoj temperaturi
(22 °C), morali smo prilagoditi kriterije pokretljivosti sper-
mija. Prema tim prilagodenim kriterijima, astenozoos-
permija je prisutna ukoliko je nadeno < 40% spermija s
progresivnom pokretljivos¢u u uzorku sjemena (5). Tera-
tozoospermija dijagnosticira ejakulat s < 30% normalno
gradenih spermija prema kriterijima SZO ili < 15% prema
striktnim kriterijima. Oligozoospermija definira ejakulat s
koncentracijom spermija < 20 x 10® spermija/mL. Napos-
ljetku, oligoastenozoospermija dijagnosticira ejakulat sa
smanjenom koncentracijom i pokretljivos¢u spermija.

Analiza pokretljivosti i koncentracije spermija

Pokretljivost i koncentracija spermija odredivana je upot-

rebom Autosperm, Amsaten Corp. (De Pinte, Belgija) sus-

tava za analizu ejakulata. Nakon likvefakcije 10 uL sjemena

je pipetirano na predmetno stakalce i pokriveno pokrov-

nicom (veli¢ina 22 x 22 mm). Analiza se izvodila na sobnoj

temperaturi pri povecanju od 500 puta. Pokretljivost je iz-

razena kao postotak pokretnih spermija:

a) spermiji s linearnom i progresivnom pokretljivos¢u (li-
nearna brzina > 22 um/s);

b) spermiji sa sporom linearnom ili nelinearnom pokret-
ljivos¢u (linearna brzina < 22 um/s i brzina > 5 um/s);

¢) na mjestu pokretni spermiji; i

d) nepokretni spermiji.

Analiza grade spermija prema kriterijima SZO

Nakon likvefakcije, napravio se razmaz od 10 pL sjemena
na predmetnom stakalcu i ostavio na sobnoj tempera-
turi da se osusi. Razmazi su tada obojani bojom Giemsa
i grada spermija je odredivana prema kriterijima SZO (1).
Dva su razli¢ita promatraca prebrojala 200 stanica po raz-
mazu, koristedi svjetlosnu mikroskopiju pri povecanju od
1000 puta i uljnu imerziju. Prema kriterijima SZO normal-
no graden spermij ima glavu ovalnog oblika i akrosom
koji pokriva 40-70% podrug¢ja glave. Normalni spermij ne-
ma nepravilnosti u vratu, srednjem dijelu i repu, niti ostat-
na tjelesca veca od 50% velicine glave.

Kvantifikacija leukocita i stanica spermatogenske loze

Leukociti i stanice spermatogenetske loze (okrugle sper-
matide, spermatociti i spermatogonije) analizirani su bo-
janjem predmetnih stakalaca bojom Giemsa i kvantificira-
ni Autosperm, Amsaten Corp. (De Pinte, Belgija) sustavom
za analizu ejakulata.

Analiza grade spermija prema striktnim kriterijima

Nakon likvefakcije, a prije bojanja alikvot sjemena ispran
je sredstvom Quinn’s Sperm Washing Medium, SAGE
(SAD) i centrifugiran 10 minuta na 300 g. Odvojen je su-
pernatant, a talogu je dodano 0,5 mL Quinn sredstva za
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readjust the sperm motility criteria. According to these
readjusted criteria, asthenozoospermia is present when
< 40% of spermatozoa with progressive moatility is found
in the semen sample (5). Teratozoospermia is diagnosed
when < 30% of morphologically normal spermatozoa are
found in semen samples according to the WHO criteria
or < 15% according to the strict criteria. Oligozoospermia
defines an ejaculate with sperm concentration of < 20 x
10° spermatozoa/mL. Finally, oligoasthenozoospermia is
defined as an ejaculate with reduced sperm concentra-
tion and motility.

Assessment of sperm motility and concentration

The evaluation of sperm motility and concentration was

performed by using the Autosperm, Amsaten Corp. (De

Pinte, Belgium) system for ejaculate analysis. After lique-

faction, 10 uL of semen was pipetted onto a glass slide

and covered with a cover slip (size 22 x 22 mm). The ana-

lysis was performed at room temperature at final magni-

fication of 500x. The motility was expressed as the per-

centage of motile spermatozoa:

a) spermatozoa with linear and progressive motility (li-
near velocity > 22 um/s);

b) spermatozoa with slow linear or nonlinear motility (li-
near velocity < 22 um/s and velocity > 5 um/s);

c) sluggish; and

d) immotile spermatozoa.

Sperm morphology assessment by WHO criteria

Following liquefaction, 10 L of semen was spread onto
a glass slide and allowed to air-dry at room temperature.
The smears were then stained with Giemsa stain and spe-
rm morphology was assessed according to WHO criteria
(1). Two different examiners counted 200 cells per smear
using brightfield illumination at final magnification of
1000x and oil immersion. According to WHO criteria, a
morphologically normal spermatozoon has an oval head
and an acrosome covering 40%-70% of the head area. A
normal spermatozoon has no neck, midpiece, tail abnor-
malities nor cytoplasmic droplets larger than 50% of the
sperm head.

Quantification of leukocytes and immature germ cells

Leukocytes and immature germ cells (round spermati-
ds, spermatocytes and spermatogonia) were assessed by
staining the slides with Giemsa stain and quantified by
using the Autosperm, Amsaten Corp. (De Pinte, Belgium)
system for ejaculate analysis.

Sperm morphology assessment by strict criteria

After liquefaction and prior to staining, an aliquot of se-
men was washed with Quinn’s Sperm Washing Medium,
SAGE (USA) and centrifuged at 300 g for 10 minutes. The
supernatant was removed and 0.5 mL of Quinn’s me-
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ispiranje spermija. Napravljen je razmaz od 10 L ispra-
nog sjemena na predmetnom stakalcu koji se zatim fiksi-
rao i susio na zraku. Razmazi su tada isprani destiliranom
vodom i obojani bojom Spermac, FertiPro (Beernem, Bel-
gija). Nakon bojanja razmazi su isprani destiliranom vo-
dom. Dva su razli¢ita promatraca brojala 200 stanica po
razmazu koristeci se mikroskopom s povecanjem od 1000
puta i uljnom imerzijom. Za procjenu grade koristeni su
striktni kriteriji prema kojima je spermij normalno graden
ako ima ovalnu glavu duljine 4,0-5,0 um i Sirine 2,5-3,5
pm, $to se mjerilo okularnim mikrometrom. Omijer duljine
prema Sirini trebao bi iznositi 1,50-1,75. Normalni spermij
ima dobro izrazen akrosom, koji pokriva 40-70% glave.
Srednji dio je tanak, tanji od 1 um, i otprilike 1,5 puta dulji
od glave. Ostatna tjelesca, ukoliko su prisutna, ne bi tre-
bala biti ve¢a od polovine Sirine glave. Rep je tanak, uni-
forman, nesavijen i otprilike 45 um dugacak. Prema ovom
klasifikacijskom sustavu svi se grani¢ni oblici smatraju
nepravilnima (3).

Indeks teratozoospermije

Indeks teratozoospermije (engl. teratozoospermia index,
TZI) definira se kao broj anomalija po nepravilnom sper-
miju. Svi spermiji nepravilnog oblika mogu imati jednu
do Cetiri nepravilnosti, uklju¢uju¢i anomalije glave, vrata/
srednjeg dijela i repa ili prisutnost ostatnih tjelesaca (1).
Klasifikacija spermija za TZI izvodi se na laboratorijskom
brojacu. Spermiji se klasificiraju kao normalni i abnor-
malni te se svrstavaju u specifi¢ne skupine (nepravilnosti
glave, vrata/srednjeg dijela i repa ili skupina ostatnih tje-
lesaca). Ukupne vrijednosti pronadenih nepravilnosti se
tada zbroje i podijele s brojem nepravilnih spermija.

Test vitalnosti pomocu eozina

Vitalnost se utvrdivala bojenjem razmaza pomocu eozi-
na (1). Vitalni spermiji imaju intaktnu stani¢nu membranu,
ne boje se te ostaju bijeli u razmazu, dok eozin prodire
kroz o$tecenu stani¢nu membranu spermija koji nisu vi-
talni. Razmazi su ostavljeni da se osuse na zraku, a proc-
jena je izvrsena brojanjem crveno obojanih i neobojanih
spermija pomocu svjetlosne mikroskopije kod povecanja
od 400 puta. Izbrojeno je najmanje 100 stanica. Rezultati
su prikazani kao postotak eozin negativnih (neobojanih)
spermija.

Statisticka analiza

Rezultati su opisani aritmetickom sredinom i standar-
dnom devijacijom. Sve je uzorke sjemena analizirao jedan
ocjenjivac. Razlike izmedu parametara sjemena analizira-
nih prema kiterijima SZO i prema striktnim kriterijima is-
pitane su t-testom. Razlike u parametrima sjemena medu
razli¢itim skupinama (normozoospermija, astenozoosper-
mija, oligozoospermija i oligoastenozoospermija) analizi-
rane su jednosmjernom analizom varijance ANOVA. Oci-
jenjena je i mjera uskladenosti promatraca za oba krite-
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dium was added to the remaining pellet. Ten pL of was-
hed semen was then spread onto a glass slide, fixed and
air-dried. The smears were washed with distilled water
and stained with Spermac stain, FertiPro (Beernem, Bel-
gium). After staining, the smears were washed with dis-
tilled water. Two different examiners counted 200 cells
per smear using brightfield illumination at final magnifi-
cation of 1000x and oil immersion. Strict criteria (3) were
applied for the evaluation, according to which a sperma-
tozoon is normal if it has an oval head, 4.0-5.0 um long
and 2.5-3.5 um wide, measured with an ocular microme-
ter. The length-to-width ratio should be 1.50-1.75. A nor-
mal spermatozoon has a well-defined acrosome that co-
vers 40%-70% of the head. The midpiece is thin, less than
1 um wide, about 1.5 times longer than the head. Cytop-
lasmic droplets, if present, should not be larger than half
of the head width. The tail is thin, uniform, uncoiled and
about 45 um long. According to this classification system,
all borderline forms are considered as abnormal (3).

Teratozoospermia index

Teratozoospermia index (TZI) is defined as the number of
abnormalities present per abnormal spermatozoon. All
abnormal spermatozoa can have one to four abnorma-
lities, including head, neck/midpiece and tail defects or
presence of cytoplasmic droplets (1). The classification of
spermatozoa for TZI is carried out on a laboratory coun-
ter. The spermatozoa are recorded as normal or abnor-
mal and distributed into specific groups (head, neck/mid-
piece and tail defects or cytoplasmic droplet groups). The
total number of abnormalities is then added together
and divided by the number of abnormal spermatozoa.

Eosin test

The vitality was analyzed by staining the smears with eo-
sin (1). Vital sperms have intact cell membrane, are not
stained and remain white in the smear, whereas eosin dif-
fuses through the disrupted cell membrane of the sper-
ms which are not vital. The smears were air-dried and the
evaluation was performed by counting the red-stained
and unstained spermatozoa with brightfield optics at fi-
nal magnification of 400x. At least 100 cells were coun-
ted. Results are presented as proportion (%) of eosin ne-
gative (unstained) sperms.

Statistical analysis

The results were described with arithmetic mean and
standard deviation. All semen samples were assessed
by one observer. Differences between semen parame-
ters assessed by WHO and strict criteria were tested by
t-test. Differences in semen parameters among various
subgroups (normozoospermia, asthenozoospermia, oli-
gozoospermia and oligoasthenozoospermia) were asses-
sed by one-way ANOVA. Inter-observer agreement was
examined on the evaluation of the sperm morphology by
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rija analize grade spermija te izraCunata njena vrijednost,
kapa. Rezultati su analizirani programom SSPS, SPSS Inc.
(Chicago, SAD).

Rezultati

U Tablici 1. prikazana su svojstva sjemena, zajedno s do-
bi ispitanika i vremenom apstinencije. Ispitanici su raspo-
redeni u Cetiri skupine: skupina s dijagnozom normozoos-
permije, astenozoospermije, oligozoospermije i oligoas-
tenozoospermije. Nije nadena statisticki znacajna razlika
u dobi i duljini apstinencije izmedu te ¢etiri skupine. Me-
dutim, nadena je statisti¢ki znacajna razlika izmedu sku-
pina u koncentraciji spermija, ukupnom broju spermija,
njihovoj pokretljivosti i vitalnosti (P < 0,001 za svaki od
parametara). Takoder su se volumen sjemena te broj sta-
nica spermatogenetske loze u sjemenu statisticki znacaj-
no razlikovali izmedu skupina (P = 0,029 i 0,024).

Rezultati analize grade spermija i TZI prikazani su u Tab-
lici 2. Spermiji normalne grade bili su prisutni kod 18 od
49 muskaraca prema kriterijima SZO i kod 16 od 49 pre-
ma striktnim kriterijima. Kriteriji SZO i striktni kriteriji su
bili podudarni u 45 od 49 slucajeva u dijagnosticiranju te-
ratozoospermije.

U ispitanika s normozoospermijom, astenozoospermijom
i oligoastenozoospermijom nadeno je statisticki znacaj-
no vise nepravilnosti glave spermija (P = 0,001, 0,020 i
0,031), kada je grada spermija odredivana prema kriteriji-
ma SZO u odnosu prema striktnim kriterijima. U skupini s
oligoastenozoospermijom nadeno je statisti¢ki znac¢ajno
vise nepravilnosti u podrucju vrata i srednjeg dijela sper-
mija (P = 0,005) dok je u skupinama s normozoospermi-
jom i astenozoospermijom nadeno statisticki znacajno
vi$e nepravilnosti repa spermija (P = 0,002 i 0,005) kada je

TaBLicA 1. Ispitanici i svojstva sjemena
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both WHO and strict criteria. Kappa value was calculated
as a measure of inter-observer agreement. The results
were analyzed with the SPSS program, SPSS Inc. (Chica-
go, USA).

Results

Semen parameters, together with patient age and sexual
abstinence are presented in Table 1. The patients were
distributed into 4 groups as follows: normozoospermia,
asthenozoospermia, oligozoospermia and oligoasthe-
nozoospermia. No statistically significant difference was
found in the age or sexual abstinence among the four
groups. However, there was a considerable inter-group
difference in sperm concentration, total sperm count,
motility and vitality (P < 0.001 for each parameter). Also,
the semen volume and the number of immature germ
cells differed significantly between the groups (P = 0.029
and 0.024, respectively).

The results of sperm morphology assessment and TZI
are presented in Table 2. Normal sperm morphology was
present in 18 of 49 men by WHO criteria and in 16 of 49
men by strict criteria. The diagnosis of teratozoospermia
by both WHO and strict criteria were concordant in 45 of
49 cases.

The mean percentage of sperm head defects was mar-
kedly higher in the normozoospermia, asthenozoosper-
mia and oligoasthenozoospermia groups when sperm
morphology was assessed by WHO criteria compared to
strict criteria (P = 0.001, 0.020 and 0.031, respectively). The
mean percentage of sperm neck and midpiece defects in
the oligoasthenozoospermia group (P = 0.005) and the
mean percentage of sperm tail defects in normozoosper-
mia and asthenozoospermia groups were significantly

TABLE 1. Patient and semen parameters

Patients N (N=15) A(N=13) O(N=7) OA (N=14) P
Age (years) 34+6 33+6 37+6 33+7 0.413
Sexual abstinence (days) 4+1 4+2 2+1 4+2 0.258
Semen volume (mL) 4.07 £1.25 3.73+£1.09 2.24+£0.82 3.22+1.77 0.029
Semen pH 7.90 £0.21 792 +0.24 8.11 £ 0.38 7.97 £0.31 0.380
Immature germ cells (x 106/mL) 2.36 +1.40 2.00+2.30 0.71+0.82 0.85+0.80 0.024
Leukocytes in semen (x 106/mL) 0.16 £0.13 0.16 £0.26 0.61+1.36 0.40 £0.57 0.316
Sperm concentration (x 105/mL) 67.60 = 28.11 35.04 £15.80 14.11 £4.45 9.56 + 4.69 <0.001
Total sperm count (x 10°) 268.92 + 134.37 130.70 £ 63.74 3247 £17.23 3091 £ 21.57 <0.001
Sperm motility (grade a+b) (%) 53.60 + 6.51 21.53£11.70 49.42 +8.69 17.78 £ 10.78 <0.001
Sperm vitality (%) 76.40 + 4.74 53.23+18.58 70.00 + 5.03 46.42 £ 16.49 <0.001

N — normozoospermia; A — asthenozoospermia; O - oligozoospermia; OA - oligoasthenozoospermia
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TaBLICA 2. Rezultati analize grade spermija

Sperm morphology assessment

TABLE 2. Results of sperm morphology assessment

Patients
N (N =15) A(N=13) ON=7) OA (N = 14)
WHO  SC P WHO SC P WHO SC P WHO SC P
Normal morphology (%) 29+8 16+6 0.001 24+9 11+4 0.001 26+9 1473 0.018 13+7 6+4 0.001
Head ab-
normalities 74+4 71+4 0.001 68+4 66+4 0.020 69+2 66+4 0088 65+7 63+7 0.031
(%)
Neck and
midpiece 1213 1244 0551 1543 1553 0964 142 15£2 0752 14%3 1643 0.005
Categories a' "oo;ma'
of sperm ties (%)
abnormali- Tailabnor- ), ;1o\ 5 o005 1543 1843 0.005 15+2 1744 0236 19+4 19+4 0813
tyin semen malities (%)
samples Cytoplas-
maticdrop- 2+1 2+1 1000 2+1 141 0527 2+2 2+1 0655 2+2 2+1 0132
lets (%)
Terato-
116+ 127+ 144+ 147+ 127+ 146+ 150+ 146+
iz:::ferm'a 042 032 %90 500 000 %8 g1 007 932 013 042 O

WHO - WHO criteria; SC - strict criteria.

N - normozoospermia; A — asthenozoospermia; O - oligozoospermia; OA - oligoasthenozoospermia

grada spermija odredivana prema striktnim kriterijima u
odnosu prema kriterijima SZO. TZl je bio statisticki znacaj-
no visi (P = 0,040) u skupini s normozoospermijom kada
se grada spermija odredivala prema striktnim kriterijima
u odnosu prema standardima SZO.

Primijetili smo visok stupanj podudaranja izmedu pro-
matraca kod oba kriterija za analizu grade spermija. Mjera
sukladnosti bila je slicna kod kriterija SZO i striktnih krite-
rija (kapa = 0,700 za SZO prema 0,715 za striktne kriterije).

Rasprava

Klju¢ni rezultat ovoga istraZivanja bio je da je usporedba
analize grade spermija prema kriterijima SZO i striktnim
kriterijima pokazala maksimalnu podudarnost u dijag-
nosticiranju teratozoospermije. Takoder, unutarlaborato-
rijska usporedba je pokazala dobru mjeru sukladnosti za
oba kriterija procjene grade spermija.

Mnogi su autori istrazivali utjecaj tehnika pripreme i kri-
terija procjene na objektivnost analize grade spermija i
unutarlaboratorijsku varijabilnost. Medutim, zbog raz-
licito ustrojenih istrazivanja nije jednostavno usporedi-
ti rezultate dosada objavljene u literaturi. Godine 1993.
Meschede i sur. su istrazivali utjecaj triju razli¢itih tehnika
pripreme razmaza: Papanicolau, Shorr bojanje i protokol
.wet preparations” na rezultate analize grade spermija (6).
To je istrazivanje pokazalo vrlo slabu povezanost izmedu

Biochemia Medica 2008;19(1):87-94

higher when sperm morphology was assessed by strict
criteria compared to WHO criteria (P = 0.002 and 0.005,
respectively). TZI was markedly higher (P = 0.040) in the
normozoospermia group when sperm morphology was
assessed by strict criteria compared to WHO criteria.

We observed a good level of agreement between the ob-
servers for both sperm morphology assessment criteria.
Intra-rater agreement was similar for WHO and strict cri-
teria (kappa, 0.700 vs. 0.715).

Discussion

The key finding of our study was that comparison of spe-
rm morphology assessment by WHO and strict criteria
showed maximal concordance in diagnosing teratozoos-
permia. Also, a good inter-observer agreement for both
criteria was found in the intra-laboratory comparison of
morphology assessment.

Many authors have studied the impact of different pre-
paration techniques and assessment criteria on the ob-
jectivity of morphology assessment and intra-laboratory
variability. However, due to different study designs it is
quite uneasy to compare results so far published in the li-
terature. In 1993, Meschede et al. studied the influence of
three different preparation techniques, i.e. Papanicolaou,
Shorr stain and ‘wet preparations’ protocol, on the results
of sperm morphology assessment (6). This study showed
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tehnika i stoga su preporucili da se u jednom laboratori-
ju upotrebljava samo jedna metoda kako bi se osigurala
usporedivost laboratorija. Medutim, drugi su istrazivaci
(7,8) pronasli dobru povezanost izmedu metoda bojanja
koje su rabili u svojim istrazivanjima. Ova nepodudarnost
objavljenih rezultata mogla bi biti posljedicom znacajnih
poboljsanja koja su postignuta u standardizaciji analize
grade spermija kao i poboljsanja u kontroli kvalitete ana-
lize sjemena postignutih tijekom posljednjih 15 godina.
Rezultati nasega istrazivanja sukladni su nedavno objav-
ljenim radovima te dokazuju da se prihvatljivo poduda-
ranje moze posti¢i kada se klasifikacijski sustavi prilagode
tehnikama bojanja.

Bojanje bojom Giemsa koje se rutinski rabi u nasem labo-
ratoriju dalo je povecan broj nepravilnosti glave spermi-
ja kod skupina s normozoospermijom, astenozoospermi-
jom i oligoastenozoospermijom kada se grada spermija
odredivala prema kriterijima SZO, u odnosu prema strik-
tnim kriterijima. To bi moglo biti zbog obojenosti poza-
dine neispranih uzoraka i sli¢cne obojenosti razlicitih dije-
lova spermija. S druge strane, kada su uzorci bili obojani
bojom Spermac, razliciti dijelovi spermija su bili razli¢ito
obojani, sto je rezultiralo boljim vizualnim zapazanjem
svih nepravilnosti spermija.

Nadalje, metoda pripreme mozZe znacajno utjecatii na TZI
(6). Medutim, u nasem istraZivanju metoda pripreme ni-
je utjecala na TZI. Kako je navedeno, usporedba analize
grade spermija prema oba kriterija bila je podudarna u
dijagnosticiranju teratozoospermije, dok je najveca nepo-
dudarnost pri odredivanju TZI bila kod skupine s normo-
zoospermijom.

Sto se nasih rezultata ti¢e, unutarlaboratorijska uspored-
ba otkrila je dobar stupanj mjere sukladnosti izmedu dvo-
je promatraca u nasem laboratoriju. Medutim, u jednom
istrazivanju provedenom na 54 uzoraka sjemena 8 plod-
nih muskaraca i 46 muskaraca smanjene plodnosti u ko-
jem su se rabili likveficirani i oprani uzorci obojeni bojama
Diff-Quik i Papanicolau primijecen je visok stupanj mje-
re sukladnosti izmedu dvoje promatraca (medupromat-
racka varijabilnost za likveficiran i opran uzorak iznosila je
0,82 za Diff-Quick i 0,93 za Papanicolau) (9). Od to dvoje
promatraca jedan je bio iskusan znanstvenik s vise od 5
godina iskustva, dok je drugi bio znanstvenik s manje od
dvije godine iskustva. Prakti¢no iskustvo i postivanje pre-
porucenih metodologija od klju¢nog su znacenja u dijag-
nosticiranju teratozoospermije i mogu imati velik utjecaj
na rezultate analize grade spermija (10). Jedan od nasih
promatraca se tek nedavno upoznao s analizom grade
spermija. To bi mogao biti razlog nesto nizeg stupnja mje-
re sukladnosti. No bez obzira na to, ovaj nam slucaj pruza
dobar primjer kako se nakon odgovarajuceg osposoblja-
vanja, pazljive pripreme razmaza i postivanja klasifikacij-
skih sustava mogu postici rezultati sli¢ni onima iskusnog
promatraca. Mnogi su autori (3,4,10,13) proveli usporedbe

Sperm morphology assessment

very poor correlation among the techniques; therefo-
re the authors recommended that only one method be
used in a particular laboratory in order to ensure labora-
tory comparability. However, other researches (7,8) found
good correlation between staining methods used in their
study. The inconsistency in observed in the reported re-
sults might be due to the significant improvements made
in sperm morphology assessment standardization as well
as improvements in quality control of semen analysis in
the last 15 years. The results of our study are in close ag-
reement with latest reports, proving that acceptable ag-
reement can be accomplished when classification syste-
ms are adjusted to the staining techniques.

Giemsa staining, routinely used in our laboratory, yielded
a higher mean percentage of head abnormalities in the
normozoospermia, asthenozoospermia and oligoasthe-
nozoospermia groups when morphology was assessed
by WHO criteria compared to strict criteria. This might
be due to the background staining of unwashed samples
and similar staining of different sperm parts. On the other
hand, when samples were stained by Spermac, various
sperm parts were stained with different colors, resulting
in better visual perception of all sperm abnormalities.
Moreover, TZI may also be significantly influenced by the
preparation method (6). On the contrary, TZI was not in-
fluenced by the preparation method in our study. As al-
ready stated, comparison of sperm morphology asses-
sment by both criteria was most consistent in diagnosi-
ng teratozoospermia, whereas the major inconsistency in
observing TZl was found in the normozoospermia group.
As of our results, the intra-laboratory comparison revea-
led a good level of agreement between the two observe-
rs in our laboratory. However, in one study on 54 semen
samples from eight fertile men and 46 subfertile patien-
ts using liquefied and washed samples stained with Diff-
Quik and Papanicolaou stains, a very high degree of ag-
reement (inter-observer variability for liquefied and was-
hed samples of 0.82 and 0.93, respectively) was observed
between the two observers (9). Of those two examiners,
one was a trained scientist with more than 5-year expe-
rience, while the other one was a scientist with less than
2-year experience. Practical experience and complian-
ce with the recommended methodologies are crucial in
diagnosing teratozoospermia and can have a huge im-
pact on the results of the sperm morphology assessment
(10). One of our observers was newly introduced to the
sperm morphology assessment. This could be the reason
for a somewhat lesser degree of inter-rater agreement.
Even so, this provides a good example of how, after pro-
per training, mindful smear examination and complying
with the classification systems, results similar to those ob-
tained by an experienced observer could be achieved.
Many authors (3,4,10,13) carried out intra-/inter-observer
and/or intra-/inter-laboratory comparisons. Unfortunate-
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rezultata izmedu vise promatraca/jednog promatraca i/
ili medulaboratorijske/unutarlaboratorijske usporedbe.
Nazalost, prilicno je komplicirano usporedivati njihove
rezultate zbog velikih razlika u ustrojstvima istrazivanja i
mjerama varijabilnosti.

Temeljem nasih rezultata mozemo zakljuciti da su analize
grade spermija prema kriterijima SZO i striktnim kriteriji-
ma podudarne u postavljanju dijagnoze teratozoospermi-
je, bez obzira na primijenjene kriterije, i da se dobra mjera
sukladnosti moze postici ako se prije procjene grade uz-
mu u obzir sve neophodne mjere predostroznosti dobre
laboratorijske prakse.

Grada spermija prihvacena je kao parametar sjemena ko-
ji najvise korelira sa sposobnosc¢u oplodnje in vivo (11) i in
vitro (12). Medutim, u tijeku je rasprava o pouzdanosti re-
zultata analize sjemena (13). To tek ukazuje na potrebu za
standardizacijom i kontinuiranim pracenjem kvalitete. Na-
damo se da ce ovo istraZivanje potaknuti ostale androloske
laboratorije u Hrvatskoj na analizu svoje mjere uskladenosti.
To bi mogla biti dobra inicijativa za standardizaciju analize
grade spermija na razini Republike Hrvatske.
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Il encourage other Croatian andrology laboratories to
investigate their inter-rater agreement. This could be a
good initiative for standardization of sperm morphology
assessment at the national level.
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