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Body Fluids

* Cerebrospinal Fluid

* Synovial Fluid

* Serous Fluids

* Bronchoalveolar lavage
* Seminal Fluid

* Vaginal Secretion

* Amniotic Fluid
e Gastric Fluid
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e Transudate or Exudate

To determine the etiology
of the fluid accumulation

200"
e
\of\2

Infection

To distinguish between
benign and malignant processes
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Tsansrunaniuniund Aflanmidensamaiesuijiintg sD-CL-00-001-04 nunwd'an'i’uﬁ 1 woASmuy 2567

&% AuzUNMeAdRd mipaflRmaemanitugns
W IMUATYaULIY

by il s, 043-366965 6. nadwazdonrsszislumsdsddnga : dniswjuanmiuiviesdndliiu 1 9l

7. Fuuazaiiuing : fuddmmauaranaieei yniu aaen 24 Halu

Body fluid examination 8. FTHLLIATTDARUNANIIATIV :
8.1 OPD AE/\p@fIu 60 Ui
1. 50M5A529 : Body fluid examination p
5 A 8.2 wnanly 90 ¥l
2.1 walsmewna : 5230 swansudyd@ingna : 31301
2.2 99 9. ANDNBWATANINGA :

1) TwInauindnas 50 um 9.1 A191Be

2) HrmwnrAlsesiudinydsziugeamwdnmi Wotenudnd 1) wlvdumdy

3) swmeiimauduulain iz nInveInne y5iines Wnusnifie dlwg
-
3. Foustlunsdenian : aduwumilumsiitedulsaitduamaveimaia effusion udiadentm 0-30 1wad/mm® | 0-5 1eae/mm’
=) L Taw P -
4. msnougiae : Lill viadiaderyn
5. fAsdensr9/ Vi uazmsusitliiu : Neutrophils 4+ 4% 2 + 4%
Hedamsan | Pleural effusions Ascites | Cerebirospinal fluid; CSF Synowial fusd Lymphocytes 20 + 15% 60 £ 20%
Peritoneal effusion Peritoneal dialysis fluid; POF Mon o 70 + 20% 30 + 15%
Pericardial effusion Bronchoalveolar lavage; BAL
Synovial fluid (Msvae syringe A7 sodium 2) J’ﬂ!)‘iﬂ
heparin 1 INTI01ED |
e vnilnas filvg)
fnnudindentm 0-150 wad/mm’
vindladony
Neutrophils < 25%
Lymphocytes < 75%
Monocytes < 70%
EDTA tube Sterile container Lithium heparin tube
i 21mL 21mL z1mL
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o - 4 - on . R -
| Bawennadfuaiund  AllanmidansramaiaaujiRinig SD-CL-00-001-04 wumiusgaiui 1 waainieu 2567

u AnzuvMomand musnfjliniemanisugns
UM INNEYouLiY wihgyansimlidede Tns. 043-366985

Body fluid examination

10. 38mMmI293ATIeM
101 msviudmauead (cell count) 19 2 58 Tastufueiin Vinauuardnuuzves body fluid Al
1) #3I90UME manual examination 1aulY hemocytometer
2) snnivmsnismnviersidindondalul® fevdnms Fluorescence low cytometry
method using semi-conductor laser uay Hydrodynamic focusing DC
10.2 muuusnviinvoavad (cell differential count) lasnmawmisy slide 1ae cytocentrifuge fiau
MY Wright-Giemsa Stain uazaTI9Mundoganssn
11. fasunaudenInsaiinge ;
11.1 specimen i clot/ partial clot Wiaflimweadinumann ewilimaivinoueadamawiou
nnAnuie
11.2 specimen fiildnwaznimtusnamilimaiuinnusadranedouainaualusis was
onliawsoiimmnTiaTela

o o~ : 8 | - AR D O, PO PR )
(eoasdwudlnnsatindgneunubiidutiigiudiseguucivledivin)

wn2en3

11.3 specimen MRumesinn uay/vie TvSinaugaiies axnliasoduusntinvonvadla
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2 5
4. mitnminludwnas (CSF)
= o & - - . o s % a a_
wulunanszandnannide Yiinasivawedemsiimmasey douteyadiae siavesdas
- J A‘ . - - - U - - R - A 0 .
asinufasnfdianliasudiueutedivue uashdesUfuianisvud nsdiniinmssiasadng
woslfudnts Mifiuusnuiess 1w msdsanamaniadiin, msanameaiiing, msananiuwed wie
- d 2 ~- » -y - - - a’
msanaiasan 9 lasFsdaulunslaihludundiamiedsii
et A - . e -~ . - S
1) &6un 1 dmsusenamaeiladinuasmanlduiuine
o~ o = . -~
2) f®9un 2 mmumsaomnmn‘ainnm
e A 2 - . - =
3) AUN 3 MWILMITIATIINIansImimaRiARinuazITA NG
I3 L | %
5. MINUAITWIDW 9 (Effusion)
- J » . v . .- A '
wulumeszaaunanniie winidumssamnamansusiad lidaldmsnumsudidrvefon ud
Y ™ I - . “ A « - P " - - o - - & p
fanviuwsd anemuadl Wldmsiwdaaudido 15u Heparin w3e EDTA ilsudayadian siiavasfads
[ | - [y o % y P o~ -
arnmnufamnfsssass liasutumutarmwuaussihsdas fuammiuni

14 a wa 24 e < 3
YaUfuAkasdanl3sz I luMsNUadInsI9

r e x . - v .
7342 W) 2dWHAILATHIDIZINTRIANY 9 Y93y aszln lddwanlinasnin
- | K¢, - a v _ ad

2 mL Taganuseonaus N zinsiwdsI nuMsinsifaauasianza0isUsen
& v [ [ ) | & a A > [ [ ¥ )

otz lesunaslavrandsiaainide mmagﬂ'whtsuusauummm
- - o - - - -~ - - - - A’ - .~

NaIJuUAMIMMUN waa Lnum‘lmmnaumgmu i ldideunsiiaany d
. . W - - - ‘ - oW

'lumm'mmaﬂanummﬁu'lug 37 °C wiaifiufigunpiivas

R ifeofugued 2 RooUfuams

VAN

S syomsnaaou

& odlkacuuuwasy 9 Gadorud

N159159ANNANSS AN
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CSF Cell count and Differential

SAa -

gomsnaaou :

SEMSOSIOSIASEA :
dodoosoo/USinas (m) Preservative :

msthdoua:iondss:30 :

M3 sensitivity/Detection Range :

SWDOPUEUSMSWENSY :
Surhimsnoaou :
douoBmsnagau
swouwaund :
SWOWAsSI :

SWOWNACOU

150012

CSF Cell count and Differential

Manual K20 38 Fluorescence Flowcytometry (Automate)
Uiludumdo 2- 3 mil

uhaoriur

Whbc 0 - 5 Cells/cumm (Adult) Wbc O - 20 Cells/cumm (Neonates)
200

finn3u

Meningeal infection Subarachnoid hemorrhage CNS malignancy

35 uu
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INSTITUTE
OF PATHOLOGY

nunan wSms - ieadns «

Welcome to

NuiSsuawSanssy onas -

Institute of Patholog

7

4 anwsyrunmmibhivinn

- Wdoodouwny 7 Sufhms
- douvimy 10 Surhms
- Bubons:qn lWdoodouwau W Surhms
- &l\';ons:Qn doodouimAauy % Surfhms
- Frozen section 30 it
msdousnun

- USnuwwous:noumssnu (biomarkers) 7 Suhms
- USnuwwoms3aode 0 Suims

- Gynecologic cytology

= Nongynecologic cytology Tudoodouwing
= Nongynecologic cytology doodouwinu

Surhms

Surbms
Surhms

nsdeaTaunamiallusreniu (Body fluid)

wasuar lusone laun ihandasian (pleural effusion) dastfaviuiinla (pericardial effusion) 1hanagviag

(peritoneal fluid, ascites, peritoneal washing)

fnuuriIn1stnudedensia
- MNNAsRIATAVINNA (Mudaanansulslddeasranavasdfiidnisuiiandu teu cell count and differential count,

culture, etc.)
fuaNALLaI NN

- foFvanavimngauasiidsunaiadhaias 30-50 fiaddas
(&vdvananiiiBunadaunin 50 daddas agvinianuwiudilunisanavigaausiSiantanas)

sinuuriinnsifivuludsanauaraainfdanizue
- nsandaualuludianiliasudiuuardaiau drgarpflaviaudng (nsanarumrdadaiwuanlumsouludananiagads

nm)
- @vdvmsafilaan peritoneal washing anegvinmseda aassrylvdarauinilu peritoneal washing wdadsdunsaain

MsHAR
iassryua ascites wia peritoneal fluid lasaavinbiduauAudsdeanavitiuldannnisvia paracentesis /

abdominal tapping
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N1sNadouLttazsNIsSLtNuUAIDe1d CSF

Tube #1 Chemical, immunology, serology  Frozen (—15° C to
-30° ()

Tube #2 Microbiological studies Room temperature
(19° C to 26° ()

Tube #3 Cell counts and cytology studies  Refrigerated (2° C
to 8° ()

From : Fundamentals of urine and body fluid analysis, 3™ Ed. 2013



ANSNAdaULLALNAISIUAI9819 synovial fluid

Collection Tube Order Test Volume Tube Type
All tubes Physical examination =1 mL

Color, clarity, viscosity
#1 Chemical examination

Lactate, lipids (cholesterol, 1to3mlL No anticoagulant (red top)

triglycerides), protein, uric acid

Glucose 1to3mL No anticoagulant (red top) or sodium fluoride (gray top)
#2 Microscopic examination

Total cell count 2to5mL  Sodium heparin® or liquid EDTA

Differential cell count
Crystal identification
Cytologic studies (e.g., malignant cells) 5 to 50 mL" Sodium heparin*
#3 Microbiological studies
Culture 3to 10 mL" Sterile tube; no anticoagulant (red top), sodium heparin, *
or sodium polyanethole sulfonate (yellow top)

From : Fundamentals of urine and body fluid analysis, 3" Ed. 2013



nIsneadauLLlasnNISLAuUGI081y serous fluid

Test Volume Acceptable Containers
Microscopic Examination
- Cell counts, differential 5-8 ml EDTA -
- Cytology study (PAP stain, 50 ml recommended Plain tube/container, sodium
cell block) 25-100 ml heparin, EDTA

Chemical Examination

- Glucose 3-5ml Plain tube, NaF

- Protein, LD, amylase, 5-10 ml Plain tube, Na heparin
triglyceride, cholesterol,
others

- pH (pleural fluid) 1-3ml Heparinized syringe;

anerobically maintained

Microbiological Studies

- Gram stain, bacterial 10-20 ml Sterile container; SPS,
culture

- Acid-fast stain and culture 15-50 ml none, sodium heparin

From : Fundamentals of urine and body fluid analysis, 3" Ed. 2013



MI9ENIMITENY appearance

—— " Clear —
=77 Colorless Yelow

Hazy




MI9ENIMITENY appearance

|A42%1| lAH‘frH.l

Pale yellow Pale yellow Pale yellow Blood-tinged Yellow Pink with Blood-tinged
Clear Hazy Cloudy Cloudy Hazy Cloudy
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Partial clot

“Specimen clotted ; results may be inaccurate and
must be interpreted with caution.”
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MU AE
Hemocytometer The gold-standard method

Undiluted sample Diluted sample Diluted sample

O 100y e/
Tiefe ‘ R
Depth C€

Profondeyp
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Diluents and Dilutions
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Body Fluid Dilution Guideline for Cell Counts Based on Visual Appearance

Fluid Appearance = WBC Count RBC Count
Clear Undiluted Undiluted
Hazy (slightly cloudy)  1:2* dilution Undiluted
Blood-tinged 1:2* dilution Undiluted
Cloudy 1:20 dilution Undiluted
Bloody 1:2% or 1:20 dilution ~ 1:200 dilution

From : Fundamentals of urine and body fluid analysis, 3™ Ed. 2013

*Using a diluent that lyses RBCS._
5
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AMHLENEA1aLK 2 chamber

\ \

< 20%
Acceptable




VU o q
DITHUITHIULIYaA

wuwaadIniils Seastiulduuugndiog lRanan

oL T T TG | Fluids that have a high cell count,
s *“;(_ | TR fewer squares can be counted
- T m T' LA AL
A l b’ :
5 ':I "' | T; |
— 11 15 == a O W <200 m=p iU 9 W lu 2 #nu

O W >200 mep UU 4 W lu 2 Au

1 W >200 mp UU 5 R lu 2 Au
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ansatwn WBC RBC aan hemocytometer

¥ As¥Ae WBC
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daxsawen granulocyte %S mononuclear cell . Tinugunidusenyiinan
l6nSalsi? a1n hemocytometer hemocytometer

. uuziinlvideumauiaue
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B A I R S A, S i o e, L e

WINWUANBULEINTWIAS I YT UL NLAY

“Clumping of abnormal
giant cells were found ”
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UINWUANHUSEINIWLA
S1YNTBLWHLAN

“Clumping of WBCs were found”
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MSHUNUIMBAA
I@)ﬂ’]ﬂ?l@\‘lﬂ’)’]llﬁﬂ‘lﬂﬂ'\ﬂ ﬂﬂ'}ﬂtﬂg@u

Mixing
Advaenluun 10-15 Asa

NALUIYINUA98I9 1-2 U

Pipetting

Dilution

nsdild automatic pippette
A5 1EF981 9gNLlesy 50 ul
19U sample 50 uL + NSS 450 uL

Dilution factor = 10

ngild WBC pippette
an sample fiv@ia 0.5 A NSS fivda 11
Dilution factor = 20

nssild RBC pippette
an sample fivda 1 ga NSS fivdm 101
Dilution factor = 100
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WWaaanwula?
ARA/USHIAS ALSHU?

Boa19¥5ald Awin ?

gas
IMTaa/L = Fsagaadiuulé x dilution factor

NUINTDINHU X USHASIHTDINTIU 1 dov
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Direct smear
43&'

= A d
DI NALNENT
&

Simple sedimentation
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Cytocentrifugation
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NISLASYNALTYS




ﬂ']ﬁ'l,m%ﬂ WA Lﬁ EI‘%’ Simple sedimentation

Suringe U1 3 CC.

Clip uilunszany .
. ansalE A

NszaAENToN No.2 (4 Fu)

Glass slide

] {mllim:
(7] E ™

‘J =
i - B
‘ :b

nszUaawandan

Filter Cards

Aane 1A Uszunee 30-60 Ui

=’

59 11E15UI9NANDINIUNUA
1¥309A09NA2Y pasteur pipette

gaNmI8d Wright's Giemsa

(Waunnlae fismansianstuniiies WususIna) -~
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NISLOISYNEALNYS Simple sedimentation

YOAISTILIN

WAUNaNALTYS



NISLASYNALN S [Ctecentrifugation

# luwunznu Synovial fluid Nuila

# Cellular distortion

Cytoplasmic vacuoles

Nuclear clefting

Prominent nucleoli

Clumping that resembles malignancy
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JSuasildluni1sna smear

(Wamumalas fuiemansiansdunafios WusiusIna)

WBC count Body fluid 919 (ml)
(cells/pl)
5-100 1.0
101-1,000 0.75
1,001 - 5,000 0.5

> 5,000 Direct smear

YSurasildlunisia smear

Tag cytocentirifuge

Nucleated Body fluid ‘I?;Tﬁ

count (cells/pl)

0O -100 10 vigm
100-500 5-6 nym
500 - 1,000 3-4 wgn
> 1,000 2 vigm

From : Fundamentals of urine and body fluid analysis, 4™ Ed. 2018



n1suImegalvdunaunisuiuitnseugaLiiss

auIA Weshianssy

watiuTentanisinivas nsal CSF Grodagross of cerebrospinal i

effusion and lymph node imprint

)
1,000-1,500 rpm
2-3 w1l / 3-5 wifl 0-15X65 cm.
([ $ = 0.5-1.0 mL CSF
ARV supernatant aannsainaan
9 Uu 500-1000 g
T o [ =4 =4 U ‘I.I"I‘I.I 2"3‘ ‘LI"Iﬁ
nauliiinne i lviwsavandassa
ﬂ"j’l‘lﬁﬁ‘ilﬂ

suiy Madedaes

Fix Iaeldadnusouwnis lasauun
ok
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Wright Giemsa stain

SDULBULAUINUNISHDUALLESIADE

Wright-Giemsa Cytology of
Body Fluids

Criteria for ldentification of Malignant Cells

P. Joanne Cornbleet, MD, PhD

JANUARY 1998 VOLUME 29, NUMBER ' LABORATORY MEDICINE

!!!!!!!!!!!!! “alif)

Center, Clinical

Reprint requests to
rrrrrrrrrr
Laboratories, Room

Pasteur Dr, Stanford
CA 943055272
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NISLOSYNALNYS

lpaifissuuu monolayer

Objective lens x40 Objectlve lens x40 | Objective lens x40 Objectlve lens x40
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ﬂ'lﬁ'l,m%ﬂ & Lﬁ EJ'%’ fregnaunledeimIuunuy squash

Objective lens x10 Objective lens x100 Objective lens x100
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Yelow / Blood-tinged  uyaaslu chamber wudnwadsdann
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nuaadl chamber nuanWadzAYATN
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wsaNaluswuurnafiosiduanan LAIHNEDN NanLoN
(Direct smear)
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wsanafssuuulnaiusifon LAIHINED99 NantoN




N1SUUITUIULTAARAZNISLASYNALNYS

wsyNaLRYSWUU squash LAIHINE0g NoHdaN
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_ Objective lens X

Objective tensXil O‘b;efive. lens X100



LSYHLLUU simple sedimentation
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[P
AIATSZIN shagnanuline ananuwsaame (necrotic cell) smudge cell/basket cell
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Artifact and yeast cells (encapsulated) Yeast cells (encapsulated)
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PMIS I prneond onauatudufiHanla nisdendldd granules v@v eosinophils lsiidnddn




AISST I Eosinophils via Neutrophils

Basophil

Neutrophil

3

2®° ©

wanabild farndrd lnemnacly CSF.
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nstinusaalialdon i uIutioy
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71U All nucleated cell 979471 100-300 WWaa

Mesothelial cells waz macrophages
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MI98INNSUNULANIZ WBC
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N1SHSIVALHYS LA HULNYRALE A A HA1SHILKS 19N Y

in9819nsdiwu WBC #idu macrophages #2¢

2 S
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N1SesIAALRYS AU NSRALTaa lHaISH LK 19N Y

U 1

A98I1NNSAUNWU WBC uazigaaiauns
Widugadnaunfsoulu 100 % wag remark

ANURAUNA ALWNENSIU (Ausvaztdunluviiadeuni 5)
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n1smsaadasizainleda Synovial fluid
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(Arthrocentesis )

dhumanhdielremgaan  TerurviTialaaly

- X
madnUaoa®e (percutaneous aspiration)

Needle is inserted
into the joint, and
fluid is withdrawn

— | FADAM.

UIULTUIVAISIDIUD

o AR A19A

SAENLLAZAAAINHNANTITINBN

e ammaussl, mannsiha k5a

W lrinstndauliinaasaadadu




Q/

a1auNsid synovial fluid MagleasluviaastAudaiianieg

Clinical Laboratory Standard Institute (CLSI) recommendation - .....

-----

HnavANLNLUIS L&
1iaviHiicins e

TABLE 14-3 | Synovial Fluid Analysis and Specimen Requirements

Collection Tube Order Test Volume  Tube Type
. o - Cells counts: a
Al tubes Physical examination =1 ml h inised tube i
Color, clarity, viscosity eparinisedtube 1s
# Chemical examination preferable to
Lactate, lipids (cholesterol, Tto3mL  No anticoagulant (red top) ethylenediaminetetraac
triglycerides), protein, uric acid | | etic acid (EDTA) or
Glucose 1to3mL  No anticoagulant (red top) or sodium fluoride (gray top) .
: : o other anticoagulants
# Microscopic examination S _
Total cell count 2t05mL  Sodium heparin* or liquid EDTA - Microbiology testing:
Differential cell count sterile containers
Crystal identification | . Chemistry and
Cytologic studies (.g,, malignant cells) 5to 50 mL"  Sodium heparin* immunology testing:
3 Microbiological studies _ '
Culture 3to10mL"  Sterile tube; no anticoagulant (red top), sodium heparin, plain tubes are
or sodium polyanethole sulfonate (yellow top) normally used for of

\\\\\\\\\\\\\\\

__ synovial fluid 25

\\\\\

Fundamentals of urine & body fluid analysis, 3™ ed., 2013



2IaA55:39TUNISLANLAU U &Y uastAusnrithria

- wnnElullg iihaaisenaivinsadneiiag 4-6 A TvAawmar waliiAnau
A15LANZLAL sun azavasAlsznauniiusiniisziiinelunatsundulu synovial fluid
- astanzaaauar synovial fluid Tunanintnataaedu

aavdLlingviiaslfiiansiiun Inenindvii.aainiiviag
n1sula. auwlavit.aziiad ilinniingvain

- dnsuld. euwlavavailsznaumaiizasaias

- dAMsianAavial Liintaan

- fidayinlunisasranvnd aradn

ASUN &Y

L Ausninlugidule (antdunisseamameyadizinen) waasidvmalu 24
ANSLALUSAEN o410

mMsuld.eumlavin.aniad Tuwnariiusynovial fluid
© RNt RN
- In vitro crystalline precipitation

26



ANSRSIARN WS synovial fluid

Physical Chemical Microscopic
examination examination
examination
Microbiology
. Glucose | Tomicel examination
- Volume
- Total protein count
- Clarity - Uric acid - Differential
L actate ¢ Gram stain
+ Colour cell count  Culture and
. Viscosity . . Crystal molecular

method

Clot formation identification




Physical Examination
Total volume

Color

Clarity

Viscosity

Spontaneous clot formation

Microscopic Examination

Erythrocyte count

Leukocyte count

Differential cell count:
Monocytes and macrophages
Lymphocytes
Neutrophils

Crystals

Chemical Examination

Glucose

Glucose: P-SF difference

Uric acid

Total protein

Lactate
Hyaluronate

‘ *: values for fluid obtained from knee joint

0.1to3.5mL

Pale yellow

Clear

High; forms “strings” 4 to
6 cm long

No

<2000 cells/mL
<200 cells/mL

=~60%
=30%
=10%
None present

Equivalent to plasma values'
<10 mg/dL’
Equivalent to plasma values'
1 to 3 g/dL

9 to 33 mg/dL’
0.3 to 0.4 g/dL

Synavial fluid reference
intervals

If plasma values are obtained
from fasting patients

2012

Fundamentals of urine & body fluid analysis, 3rd ed.,

28



@ “Ropes” or “Mucin
Clot Test”
@ Normal = 4-6 cm

® When 2-5% acetic acid |
is added, normal ¥
synovial fluid will form
a clot surrounded by

| clear fluid '
‘ htps://www.slideshare.net/raymarthilter/synovial
| -y



https://www.slideshare.net/raymarthilter/synovial

Differential cell count

ifaan.wu'la i normal synovial fluid




Differential cell count

ifaa . nu'la Tu normal synovial fluid

eosinophil

neutrophil

basophil

mast cells




Differential cell count

faa . nu'le Tu normal synovial fluid

‘I

A Normal cellular elements
found in synovial fluid
(A) neutrophils
(B8) lymphocytes
(C) monocytes/histiocytes
(D) synovial lining cells
A few red blood cells are

almost always present in

joint effusions

32



Differential cell count

iiaa . nu'lalu synovial fluid N.dnzAaUlnG
o "

Leukophage
or Reiter cell

Neutrophil with intracellular
LE cell

bacteria

Malignant cells




Differential cell count

o o : C e o - - Reiter’s cell
iiaa . nu'lalu synovial fluid M.annzAalnG

= &
A: Cytophagocytic large mononuclear cells B: Cytophagocytic large mononuclear cells
(with numerous ingested pyknotic nuclei (with numerous ingested pyknotic nuclei
from polymorphonuclear cells from polymorphonuclear cells and crystals

Oliviero et al.Annals of Clinical & Laboratory Science 2017; 47,: 253-9 34



Differential cell count

s . WU 'lau synovial fluid M.dnzAalné

— , Neutrophilia
- ) S
5 -
3
- = N ) | -
LY
-«
T
L]
Chondrocyte I]l:> =
r

A ) » ; ©
o =185
3 s
. : iy
3
B Y s
g i
= .
o ! a
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Differential cell count

ifaan.wu'lalu synovial fluid N.dnncdalné

A mast cell observed in a wet preparation of SF Abundant extracellular neutral fat lipid crystals in synovial

collected from a patient with rheumatoid arthritis. effusion from an early-onset knee monoarthritis. Supravital
Supravital staining, ordinary light, X1000. staining, ordinary light, X1000

Oliviero et al.Annals of Clinical & Laboratory Science 2017; 47,: 253-9



Crystals i.wwulu synovial fluid

‘ Monosodium urate (MSU) crystal

. Needle-like crystals with pointed ends
. Free floating: extracellular
. Intracellular: acute stage of the disease

°* negative birefringent




Crystals .wulu synovial fluid ?

‘ Monosodium urate (MSU) crystal | =
f \ -y v |

38




Crystals .wulu synovial fluid ? ‘

‘ Monosodium urate (MSU) crystal MSU detected during cell count

Hy { 4 )




Crystals .wulu synovial fluid

‘ MSU detected during cell count

T
v/
UL




Crystals .wulu synovial fluid

‘ Calcium pyrophosphate or calcium pyrophosphate dihydrate (CPPD)
Small
Blunt

Rodlike or rhomboid
positive birefringent

¥

|___— intracellular




Extracellular CPPD Intracellular CPPD

Crystals .wulu synovial fluid ?
’ Calcium pyrophosphate or calcium pyrophosphate dihydrate (CPPD)
Se !




Crystals i.wwulu synovial fluid




Crystals .wulu synovial fluid

‘ Cholesterol crystals in joint fluid; brightfield microscope

° -
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R Re o
.:'**“ < »» ﬂ’f \\
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Crystals .wulu synovial fluid

‘ Calcium oxalate

Fig. 4 Typical calcium oxalate (CO) crystals obtained from a synovial fluid effusion
in a patient on long-term dialysis (magnification x 1800, original magnification x 400).
Reproduced with permission from ref. 94. (Copyright 1992, Ciba-Geigy Corp.)

Fundamentals of urine & body fluid analysis, 3rd ed. 2013 45




Aanrsseiviunanadiiauas crystals 1u synovial fluid

- AUUAAY crystal . zas51ANL TULNNISATTINUIU
UDLILATANALAN

Crystals snaildanain.AaaAiBNA

Extracellular crystals anxacratlu fibrin 1i5aei
iaa Yinlvinsalunu

- Artifacts vianaaewn.daasnié birefringent ana
lutasaNuAanaalunsianAliaaad crystal
Aenaav polarise

- Tuunvad_kinfectious arthritis wac crystal
synovitis arliNanN150523 JWasAILNADIaANISEY
N.ARALAUINA SIAVLENAUAILIMSOTIAINU crystals

- aKANA 1Ay pHIINan aNSAALATASATANLADINAN

Synovial Fluid Analysis




AsanAdidaaav crystals aranaav plolarise

Interference Colors in Gout and Pseudo-Gout Crystals

. Monosodium Urate Pseudo-Gout
— Polarized (Gout) Crystals  Figure 6 Pyrophosphate Crystals
~  Microsco
Configuration

Digital—
Camera

Yellow
(Subtraction)




ANSuaNATiaAaY crystals aranaavy plolarise
7 AXIS

Yellow Blue
A

MSU CPPD




AsanAdidaaav crystals aranaav plolarise

Fundamentals of urine & body fluid analysis, 3™ ed.. 2013




AsanAdidaaav crystals aranaav plolarise

Calcium pyrophosphate

axis

Fundamentals of urine & body fluid analysis, 3™ ed.. 2013




AsanAiliaaa crystals aranaav plolarise

Fundamentals of urine & body fluid analysis, 3™ ed.. 2013



AsuanAiiauay crystals arenaav plolarise

Artifacts from corticosteroid drug

FIGURE 14-6 Synovial fluid with corticosteroid drug (triamcinolone diacetate [Aristocort]) crystals present. Note their conflicting morphology
(suggests calcium pyrophosphate dihydrate [CPPD]) and strong negative birefringence (suggests monosodium urate [MSU]). Wet preparation,
unstained; polarizing microscopy, 400x. A, Many strongly birefringent drug crystals that morphologically resemble CPPD using polarizing
microscopy. B, Drug crystals with their long axes parallel to that of the red compensator plate are yellow—suggesting MSU crystals. (From
Ringsrud KM, Linne JJ: Urinalysis and body fluids: a color text and atlas, St Louis, 1995, Mosby.)

Fundamentals of urine & body fluid analysis, 3™ ed.. 2013



AsLanAdidaaay crystals aranaav plolarise

FIGURE 14-7 Synovial fluid with mass of hyaluronate, small monosodium urate (MSU) crystals, starch granule, and fibers. Cytocentrifuged
preparation, Wright’s stain, 400x. A, Brightfield microscopy; starch granule and fiber. Note that no crystals are evident in the pink mass.
B, Polarizing microscopy; presence of MSU crystals is evident, fibers have strong birefringence, and the starch granule shows a typical Maltese
cross-pattern, C, Compensated polarizing microscopy; crystals with their long axis perpendicular to the red compensator plate are blue, which
indicates that the crystals are MSU. (From Ringsrud KM, Linne JJ: Urinalysis and body fluids: a color text and atlas, St Louis, 1995, Mosby.)

Fundamentals of urine & body fluid analysis, 3" ed.. 2013



Astilana

Abnormal colour

Red and brown » trauma during arthrocentesis
joint fracture, tumor, traumatic arthritis
Milky » gout induced inflammation, tuberculous arthritis, SLE

4

Greenish or purulent B infection

Clarity

Modify by RBC, WBC,
synoviocytes, crystals,
fat droplets, fibrin,

A. "Ground
pepper”
ochronotic
shards.

B. “Rice
bodies”
fibrin-
enriched
synovium
fragments.

il

Rice bodies: collagen
covered by fibrous
tissue

— v é i |
S 4oy
e o A :

e %

Most commonly is
observed in rheumatoid
arthritis

cellular debris, rice
bodies




nsulana /\

. : Synovial Fluid Color and Clarity
Viscosity V
 High hyaluronate -> high viscosity

e During inflammation

hyaluronase enzyme from
neutrophil or some bacteria

\

depolymerise hyaluronate . R W st
. . inflammatorv
reduced viscosity

Turbidity:  clear cloudy cloudy cloudy
Corlour: yellow yellow yellow-green  red
e Some diseases inhibit secretion o (crystal induced=milky)
Viscosity:  good poor variable low
of hyaluronate (crystal induced=low)

tps://fac.Ksu.edu.sa




Astilana

Microscopic examination

. red cells predominate = haemarthrosis or a traumatic aspiration

e WBC >50,000/ul (mainly neutrophils)

bacterial arthritis, rheumatoid arthritis,
rheumatic fever, and crystal arthropathy

« mononuclear cells predominate =  viral arthritis

o Crystals

MSU s Gout
CPPD mp  Pseudogout




Correction of WBC count for bloody synovial fluid (SF) sample

SF WBC adjusted = SF WBC observed — [(WBC in blood / RBC in blood) x SF RBC]

phTigh)

WBC count in SF = 50,000 cells/pl
WBC count in blood =10,000 cells/pl
RBC count in blood = 4.5x106 cells/pl
SF RBC = 80,000 cells/pl

Corrected SF WBC observed SF WBC - [(WBC in blood/ RBC in blood) x SF
— RBC]

50,000 - [(10,000/ 4.5x106)] x 40,000
49,822.22 cells/pl

e the release of blood into synovial fluid may raise the WBC count

. 1 WBC for every 500 to 1000 RBCs
ANe6aev 61 SF RBC = 80,000 cells/pl 231 WBC Uulu SF =160 cells

o7



Guide to interpretation of synovial fluid analysis

A\
A::;h::sﬂ: ot = Are crystals present?1
® Cell count and differential |
® Crystals ! !
® Gram stain and bacterial culture Yes No
' v v
Is the effusion hemorrhagic? Identify type Is the Gram stain and/or
Lavges nerslbers of e oot calls foom iinding o KRR O "
into the joint space give the synovial fluid the | |
appearance of being hemorrhagic | | | |
l | ' MSU CPPD Yes No
- " ' v v ) ,
Hemarthrosis Gout Pseudogout Additional diagnostic testing depends on the host
‘ ' + * immune status, epidemiologic exposures, and
P:t:nnh;:zuss include: - - Suntic artivitls other risk factors
Is the Gram stain and/or : s 2 . .
» Coagulopathy Is the WBC count . soede? i e e e The differential diagnosis is broad and includes:
: :europathic arthropathy >2000/microl.? acturiel cullurs pueitivei inp:; absence of a positive » Inflammatory arthritis (such as rheumatoid
i r l | Gram stain and culture arthritis, psoriatic arthritis or spondyloarthritis)
Refer to UpToDate content on iti
st sl einaithroshs o oy Refer to UpToDate content bt
¥ v i = ® Tuberculous arthritis
f : 1 o e ® Fungal arthritis
Yes No Septic arthritis and Crystal-induced
v v crystal-induced arthritis arthritis& Refer to UpToDate content on septic arthritis
Noninflammatory condition
Suggests inflammatory
or septic arthritis Potential causes include:
Inflammatory arthritis may SO

tnckoda ki thritis* ® Trauma
: " ® Avascular necrosis

Y

Are crystals present? 58
T




yilvifumas Cerebrospinal Fluid (CSF)



A UIBIHNTISLANZLLAZd 615D UINY FHBAY

- Infections « Tumor
- Meningitis - Brain
- Encephalitis « Spinal cord

- Brain abscess

- Treatments
- Hemorrhage

_ - Chemotherapy
- Subarachnoid . Anesthetics
' Intracerebral. _ - Radiographic contrast
- Neurologic Disease media
- Multiple sclerosis - Antibiotic therapy
- Guillain-Barre syndrome
- Malignancy
- Leukemia
- Lymphoma

- Metastatic carcinoma



A1S @965 W L2 1AW

0 auvayunN1sIHadulsafitiyldo
0 AUSzUUUSLdaIN
SfHasuugnlsa

° IMUNRNSSNYIHUIY

A 4 \ 4




oo lma \

Open/close pressure 40/22 cmH O 35/18cmH O

RBC 36 cells/UL 0 cells/lUL

pH 8.0 8.0

Protein 149.0 mg/dL (10-60) 39.0 mg/dL (10-60)

Gram's stain Not found Not found

India ink Not found Not found

’ |

Aerobic culture Nogrowth
NsasUszamIngwiaUssmnalng 42 Vol.35 e NO.2 ® 2019

dusumelng a1y 24 T andngsiasousa
NEANUY NTIMNNMIUNAT ANEnisinen enidu

Vol 35« NO2 = 2019

A Young Aged Man with
Recurrent Meningitis




1" Chemical and immunologic testing ﬁ

(Frozen:-1583-30°C) /J

Microbiologic studies
2 (Room tempurature ; 19-26° C)

3 Microscopy and cytology
(Refrigerated ; 28 C) e



NINISNAFDUNINIATIINEN
. B

JUIIUUTAA

NISHULENBiaLiatanav1?

Q/

ATIMIANLAZINANNAY




$

Laboratory

As rapid as possible after the lumbar
puncture is performed




dlaFunaguns

«= Physical Clear colorless
w Cell count 0-5/cu.mm (adui)
(WBC) 0-30/cu.mm (Neonate:< 1 year)

0-20 (1-4 years)

0-10 (5-18 years)
= Glucose 60-70% of plasma glucose
«= Protein 15-45 mg/dL

No RBCs should be present in
normal CSF



Physical examination (appearance)

Normal CSF : Clear colorless
= 1

n3adYu (cloudy)

- JALEDAYININNTT 200/l

= JIALADALANINNTT 400/ul

- AYN

o 1U5HU

219LnsALlusEAUAIe9 910 0 (clear) B4 4+

B |
_ .
Cloudy



Colorless
Clear

ANYHENINNYNTNY D WL FHKR A

| ) 4
R A ~ P4

\\:_» ,4&/.‘,
Pale yellow Xanthochromia

Hazy Clear



TER VAT RTINS .
- INALADAY1Y > 200/l

- Watdoauag >400/pL




Xanthochromia

nUEfed suwaau (pink) du (orange)
gazdimaay (yellow) navnisdu

-Hemorrhage ; subarachnoid or intracerebral

(Present in >90% of patient within 12 Hrs)

- Hyperbilirubunemia; 10-15 mg/dl
- Hypercarotenemia
- Meningeal melanoma

- Normal neonate
- Protein levels >150 mg/dL
- Prevoius traumatic tap

w=-  RBC lysis begins as early as 1to 2 hours after a traumatic tap.

«=:  Rapid evaluation is necessary



Grossly blood
(RBC count exceeds 6,000/uL)

Subarachnoid hemorrhage (SAH)

Intracerebral hemorrhage (ICH)



NIsSUeNscInNIsHidaneoniuana o/l dunaaias
nsennazHlzdrnasiiioaun (Traumatic tap)

Traumatic tap Subarachnoid hemorrhage (SAH)
or intracerebral hemorrhage (ICH)

Distribution of blood First tube All tube

Clot formation Yes May be

Xanthochromic 1-2 Hr of hemolysis Yes

supernatant

Microscopic RBC Erythrophage

examination WBC Siderophage
Hematoidin

RBC : WBC in traumatic tap 1,000:1-2 -




anuyode supernatant avn1sUu

Ll ad “ ’\w}i i‘ y . ¢

Normal CSF Xathochromic CSF from Xathochromic CSF from
recent hemorrhage old hemorrhage

Oxyhemoglobin ==—p Bilirubin



Z%Tuﬂsaimmmﬁamtﬁo RBC count was serum protein agﬂummﬁﬂﬂﬁ

= RBCS 700 waa AatlUu WBC UssH1ed 1 1gaa
~ RBCs 10,000 /pL fa1luséinuszunas 8 mg/dL

- .
: 'Wt .
|

%
A CSF WBC =100 /uL

RBC = 7,000 uL

s
&L

& a1 WBC #iusiase = 90 /ul g4nd11nh
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Microscopic
examination
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Microscopic examination

A1SHUINHIRIGAA ANSHULWNYERALEaa
LASASIVALRYS

RBC

Traumatic tap?
Corrected WBC, Protein LOIQUHNALNYS

Lysis within 1 Hr.
WBC

Disintegrate after 2 Hr. - - ¢
HULLINTHALTAAR

UULYAANUN
laiifiu 1 .

ASIVALHYS




Lymphocytes
Monocytes

Neutrophils

Lymphocytes

Monocytes

Neutrophils

5%-35%
50%-90%
0%-8%

40%-80%
15%-45%
0%-6%




waa gufinslranulalurilodunas

Neutrophil

Lymphocyte Ependymal cells,

Atypical lymphocyte choroid plexus cells waz spindle shaped cells
Plasma cell waanaSesiadufunsnssatunadessuuUssamaiunan
Eosinophil

Basophil

Monocyte

Macrophage
Erythrophages
(containing red blood cells)

Siderophages Bacteria

(containing hemosiderin) Cryptococcus neoforman
Hematoidinophages

(containing hematin crystals)

Lipophages

(containing fat)

waddlndeaunsidau PI eocytosls -
[ ]

Lymphoblasts, myeloblasts "
.1a» monoblasts ATSWUI UL ALRDAYIILNNTY




Cell Types and Causes of CSF Pleocytosis

MIDENY 1B
Neutrophils Pleocytosis

Infectious Causes  Noninfectious Causes

Meningitis Hemorrhage
> Bacterial > Subarachnoid
> Intracerebral

> Ealy g, fberctiods fungal > Central nervous system infarct
> Amebic encephalomyelitis ST
> Cerebral abscess > Repeated lumbar puncture

> Intrathecal treatment (e.g., drugs, myelography)



Neutrophils Pleocytosis




n1swasundasvasunludunas
Anulalulsa/n12z619¢)

1. Bacterial meningitis

2. Viral meningitis

3. Tuberculous meningitis

4. Cryptococcal meningitis
9. Eosinophilic meningitis

“= Cerebrovascular disease, Subarachnoid hemorrhage (SAH) , Intracerebral hemorrhage (ICH)

« Meningeal leukemia “Leukemic involvement to CNS
«= Tumor of CNS



Bacterial meningitis s septic meningitis, purulent
meningitis WeRuausswwniauanuuaiiseidunuas

0 M5 INTABUAZAIURNITANISTNIEND TGS l

< a oy ¥ o s 3
Wunnazgniauneszuudssamngaslasunmssnenlagsi




Bacterial meningitis




Bacterial meningitis

Intracellular bacteria (bacilli)



Bacteria ( diplococci) and yeast cell



Viral meningitis

Lymphocyte pleoéytosus wusnatawy neutrophil wuva



Viral meningitis

wen lymphocytes nu blast cell /

immature cells / lymphoma cells
Lymphoma cell Lymphocyte

Cell size O .
N/C ratio O @
Chromatin .

Cytoplasm .

t. 2

. Lymphoc
{Lymphoma cells

Lymphoma cells ’




Viral meningitis w»3s aseptic meningitis
wse lymphocytic meningitis

NIRRT WURANAINWIIN AMLA 500-1,000 Laa /AU.NN. UNNS1901a8989 10,000
Waa/au. Ny

HanNsesIatuLgNIRalaldana1InuId lymphocytes agaweuda 1
Hugneinanndaialsa

Faausn (24 HFaluy) ounsaiiulsaonanuind neutrophils wWiuda (>50%) nMliEwenyn
annshadouuafity nnLazinladndenand 12 Filuy  doraznuLgaanIn
lymphocytes vil#annsadRasele

seerurnenanaslusfudnuné



913anU atypical lymphocytes saua28

T _ “
Heterogeneity or pleomorphism

wonann lymphoma ognals

Asd lymphocyte

\

Homogeneity or monotone



Bacterial meningitis score (BMS)

Hludnengious 1 Wouds 18 Difleraelumsnenszvinilsaidaiuauasniduannisintialsa uas wuaiite

psradouEnTunud sluriludund 2
iadenu13vla neutrophil Tuhlodunds > 1,000 wad/uL 1
Tusauluhlvdunseannniy > 80 un./aa. 1
ANC Tu peripheral blood > 10,000 Lu&8/au.13.. 1
1n1enTIuRe 1

P T . N .
0 ATUUY AB UzAALTalYE (aseptic meningitis very likely)
[ | =) ; b . - &g e -
1 ATLUY AD Mithastianndalia (aseptic meningitis less likely)
'I‘:f ] g =5 ] = =r =i . . s s
AwA 2 Azuuutuly Ao WsinanWeuuaiise (bacterial meningitis more likely)



Tuberculous meningitis

[ la' ' = .
- waadulnedinudun lymphocytes  usiluszuzusnyaalsmaenadl neutrophils e

W anuuacf lymphocytes galuniainasain 24-48 ¥u.
- Wshinge dulned 1aNndn 100 wN./Aa. U1NSI901agaEa 1-2 NSH/AA.

-

anwdzyoa tuberculous meningitis szwrusnyevlsaorafl neutrophils v

912AaNy bacterial meningitis



Tuberculous meningitis

4 a7nWu lymphocytes &

. ‘?1
.9
-

waaaumeifinuldun lymphocytes



Cryptococcus meningitis

O dauluglidgmunainiye Crypyococcus neoformans

0 lugUhuibidulsaad

IUINLTAADYSN I 40-400 vaa/ au.Nu. Us1gonafigaanosndi 5 waa/ul

- a@mluegtUn lymphocytes
- us197f eosinophils ulazgnifaaudiwln  eosinophilic meningitis

0 wdUlendulsaond
- diulrefiiadanndeynin 20 traa/ul

- ldnuLzaaldal 39 aluinlr denagasle



Cryptococcal meningitis

~————

e e souldaaNanwuzAd1asidiunaanly
v ' LSUNANEULYUTIT “Sunburst” waziiu
vJuusiwula geuliuged

“Sunburst liked yeast and budding yeast cell were seen;
consistent with Cryptococcus neoformans”




yptococcal menlngltls
v

u’




Cryptococcal meningitis

doNdIe India ink wWuanwade yeast was budding yeast fifualganuBalsfiad
NNSNULSIYITWIN

Indian ink positive, encapsulated yeast and budding yeast cells were found

Sensitivity 25% - 50%



Cryptococcal meningitis




Eosinophilic meningitis

= - o o ~ [~ = = . ey ¥ v o
uH1efe NzlarinaN INEUNnsIaNULaaLialaaaY178a eosinophilic Turlydunas
MaLsiSasas 10 WSasale 10 Wwaa/ul

1) we18neslda (Angiostrongylus cathonensis) wsananSUaanyrsony1duIniINY
= g . . .

2) wesaaa (Gnathostoma spinigirum)

3) snoeauYaInynEAany (Taenia solium)

4) mm@ﬁm Wi tuberculous meningitis, Cryptococcal meningitis



Eosinophilic meningitis

Eosinophil pleocytosis Eosinophil pleocytosis



U0AISS¥ N Neutrophil VS Eosinophil

L )

e AN

wingwaa Neutrophil was Eosinophil

\ 4

ez lsamuu

lsignéioa

Hannaio eosmophll RUNEED neutrophnl



Major Laboratory Results for Differential Diagnosis of Meningitis

Bacteria

Elevated WBC count

Neutrophils present

Marked protein
elevation

Markedly decreased
glucose level

Lactate level >35 mg/dL

Positive Gram stain and
bacterial antigen tests

Viral

Elevated WBC count
Lymphocytes present
Moderate protein
Elevation

Normal glucose level

Normal lactate level

Strasinger SK. Urinalysis and Body Fluids. 6™ edition 2014

Tubercular

Elevated WBC count

Lymphocytes and
monocytes present

Moderate to marked
protein elevation

Decreased glucose level

Lactate level >25 mg/dL

Pellicle formation

Fungal

Elevated WBC count

Lymphocytes and
monocytes present

Moderate to marked
protein elevation

Normal to decreased
glucose level

Lactate level >25 mg/dL

Positive India ink with
Cryptococcus
Neoformans

Positive immunologic test
for
C. neoformans



d151135a Serous Fluids




Lung

Visceral membrane
(pleura)

9 Pleural cavity
anetal membrane
(pleura)

Parietal membrane

(peritoneum)
‘ Peritoneal cavity

Visceral membrane
(perntoneum)

Parietal membrane
(penicardium)

Pencardial cavity -

Visceral membrane
(pencardium)

Body wall
Liver
Stomach

Intestine

Serous fluid

Necessary for lubrication of the body
cavity/organ interface during movement



Normal serous fluid

RBC oRa®
Not normally seen &ggc #
RBCs pla L
Hemorrhage or traumatic .
WBC

Present in low numbers
Mononuclear cells predominating

Mesothelial cells
Present in body fluids due to normal sloughing of cells




Serous fluid

Pathologic Causes of Effusions

Increased capillary hydrostatic pressure
Congestive heart failure
Salt and fluid retention
Decreased oncotic pressure
Nephrotic syndrome
Hepatic cirrhosis
Malnutrition
Protein-losing enteropathy
Increased capillary permeability
Microbial infections
Membrane inflammations
Malignancy
Lymphatic obstruction
Malignant tumors, lymphomas
Infection and inflammation

Thoracic duct injury
#in Urinalysis and Body Fluids. 6™ Ed 2014



Differentiation of transudates and exudates

Causes

Physical Examination
- Clarity

- Color

- Clots spontaneously

Microscopic Examination
- WBC count

- Differential count

Chemical Examination

- Bilirubin ratio (fluid-to-serum)

- Glucose

- Total protein concentration

- Total protein ratio (fluid-to-serum)
- LD activity

- LD ratio (fluid-to-serum)

- Cholesterol ratio (fluid-to-serum)

Increased hydrostatic pressure
Decreased oncotic pressure

Clear
Pale yellow
No

<1,000 /ul (pleural)
<300 /! (peritoneal)

Mononuclear cell predominate

<06

Equal to serum
<50% of serum level
<05

< 60% of serum

< 06

< 03

Increased capillary permeability
Decreased lymphatic absorption

Cloudy
Variable (yellow, greenish, pink, red,)
Variable; often yes

Variable, usually
>1,000 /ul (pleural)
>500 /ul (peritoneal)

Early, neutrophils predominate;
late, mononuclear

>0.6

Less than or equal to serum
>50% of serum level

> 05

> 60% of serum

>0.6

> 03

“ No single set of criteria separates all
transuadate from all exuadates for all patients”



Physical examination

ANYMEYHYINIAAYUN
(milky white appearing)

Al0819Y94 pleural effusion

in; AjuR, et al. BMJ Case Rep 2014. doi:10.1136/bcr-2013-203105

flan ; hitps://www.researchgate.net/figure/Four-lite rs-of-milky-

T _ —

Thoracic duct leakage Chronic inflammatory conditions




Differentiation of chylous and pseudochylous effusion

Parameters

Physical examination

Chemical examination
- Chylomicrons

- Triglycerides

- Cholesterol

Microscopic examination

Conditions

Chylous effusion

Milky

Present

>110 mg/dL
Usually <200 mg/dl

Lymphocytes

Pleural effusion due to
- Trauma or surgery
(cause damage to thoracic duct)
- Obstruction of lymphatic system : tumors
(lymphomas), fibrosis
Peritoneal effusion due to
- Hepatic cirrhosis
- Portal vein thrombosis

* Confirmed pseudochylous effusion

Pseudochylous effusion
Milky

Absent

410 mg/dl
Usually > 200 mg/dl

Vareity of cell type
Lipid-laden macrophage
Cholesterol crystals*

Chronic diseases

- Tuberculosis

- Rheumatoid arthritis

- Collagen vascular
disease



AN NHONS Q‘H%LLH\?

Wet preparation

&

Cholesterol crystals m: unns qruas



Microscopic examination

sfavaaradfiny
Mesothelial cells Non-Mesothelial cells
InwvuanuazAauné wWuanwzHaUnfAgaLaN
‘ gudualunisgau IC

Benign/Reactive mesothelial cells

Hematopoietic cells Neoplastic cells

Reactive Leukemia
(Infammatory cells) Lymphomas

Cytologic Examination

Malignancy?

Sensitivity of the detection of malignancy
in hematology lab 20% to 60%

V) Sample preparation
v Staining differences
@ Differences in the training and experience



NSNS NSZA8YINZISINTEY serous effusion

Site Men Women
Pleural Lung Breast
Lymphoma/ Lung
leukemia Lymphoma/leukemia
Gastrointestinal Ovary
tract Gastrointestinal tract
Sarcoma Endometrium
Mesothelioma Sarcoma
Genitourinary Mesothelioma
(kidney, prostate,
bladder)
Melanoma
Peritoneal Lymphoma/ Ovary
leukemia Breast
Gastrointestinal Endometrium
tract Stomach
Pancreas Lymphoma/leukemia
Lung Colon and rectum
Sarcoma Pancreas
Prostate Mesothelioma
Melanoma
Germ cell tumors
Mesothelioma

in Cytology Diagnostic Principles and Clinical Correlates. 5% Ed 2021



Pleural effusion

Cell Significance

PMN Pneumonia
Pancreatitis

Pulmonary infarction
Early TB

Lymphocyte Tuberculosis

Viral infection
Autoimmune disorders
Malignancy

Mesothelial cell Normal and reactive form have no clinical significance
Decreased mesothelial cell are associated with tuberculosis

Plasma cell Tuberculosis
Malignant cell Primary adenocarcinoma and small cell carcinoma
Metastatic carcinoma




LHINAIKNSHS1ELHYS serous effusion

Scanned on low power/high power

®

hitps J// www.youtube comywatch?v=Thkénfj2pno

Differential WBC : 100x (oil immersion)

Look for




HaANIRNISNASHILBaaRaUNH

Size of cells
Nuclear features

: “Duraisaa
“Anundsiiadvd
Nuclear : cytoplasmic ratio
“Gadrugouilnadvadelsinwar8x”
Hyperchromasia
Variation in

size,shape,number

" Arrangement of cells

Nucleoli features I O
Nuclear molding
Intranuclear inclusion
Sheetlike
Syncytial
Cell ball
Rosette and glandular
Well defined , Other forms
itregilr defined Cytoplasmic features Cannibalistic, Indian file
“Inundzlsinwandy” arrangement
Vacuolated
Deep blue/Cyanophilic Pleomorphism
Intracytoplasmic inclusion “armmarnnarsluguiauasusie anveds”

L



No single microscopic feature
that is diagnostic of malignancy

! Iz /éom@é/if/;

twarunlafiaingr/aanssad mMswuaNAaUNfizogLsaa

ALDAYNISUSSYPaAnNWeRe sIHNNUN1S differential cell count



MBI NISWUIAATIISUS N Ansaizuazauiaviainvaly Jeduiueg

High power field



Pleomorphism

Signet ring cell
+

Cannibalistic cell

Khemtonglang N | AMS KKU | 2023






Monomorphic_



Wudnwueuilefinuldveauvaduzise  Tnefiwadadnansineg (secretions) melulylvmandu vidlviuedoagnéuly
ogfuinsdnundsnaninuliveslu well differentiated adenocarcinoma iashsiagu (mucin)
unnss macrophage snifisnwurameniu signet ring cell ¢
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Macrophage 'ﬁ'ﬁ'uﬁu mesothelial cell
wy - v
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¢ ey

nnpfaaanifiowialue  dadiugeviimdvasalslnwai@uge lolnwarZunAfuniugs
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WudanuaeuiainuldlugaanasSoatvsia  waanaSedmadinfifnivanilnedu lag

9128 N/C ratio Usenied 1 ¢l 1 150 2 s 1 WuAK




waefasadsuialnaiAnunfuasfisusednyasindvaiAaunflaun fisusnuuszuana (bizarre)
wuailuw (lobulated)  FuAwilusiowfon (pyknotic) 1Ounndusanun (angular projection) Huls
(notched)  #ihusntdnun (folding) wsatinnundusen (clefts) 1Oudu




\JudnvusuilauvasuziSandovialug lasersfivuralugfie 60-65 luasou  wazwuiiil

UIAILAAYAITUIUNIN




nnedle anyaemsiBoedldenugewaaluuliutiuen  Yeuaudazisaaminlidaan a
AangBansonu RAaadudenalildindegnatawaawuinulusaaund




nHeie anYaensBYIIdeTHYDIBaALUUTIIHYO U ALGALTAa I RTALa W AaNYd:

e mesothelial cells fnnsBuedndudnuociild Se9arsfiasanlig




w1 TaaNYdENISISEIAIY0BaaNio 16 1 HN I ILBAaNIYRAINNS0A0NSOUNW HOIgARIYADNNWATY
(rosette) @ranuwaasINAINHAaLGaN (glandular formation)

0




uNeile danvaenisByedigeaaaniiiunsonan Nevgluanua 3 R Adregnuea WuMs
Bueshanvadsniivgoagaanzsy  agalsimuotanwuin mesothelial cells in1siBuasain
dnuodsila Seasiasanliia




iwaausiSauladoanwuly  serous  effusion  a1lurtadnziSaiiaidoavimsadunziSedauinuio
(lymphoma) 1Faanwua A Twmgadnivuralugianuanaiudunauszuin 10-15 luasou (Wiguiisuegiu
iadeauas) 1 N/C Ratio gu fumdsaiineiinannazasaril waiaudadsldnwarFudunludunasziivog

Arleasurunn  FaludnemususiSauiaidoavnviia ALL-L3 wSe lymphoma %¥@i@ Burkitt lymphoma
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Nonmalighant cells
in body fluids
2% .




Cell / other found in body fluids

AN

Peripheral Blood Body Fluids

PMN PMN
Blood cells lymphocytes, monocytes Blood cells lymphocytes, monocytes/macrophages
Mature cells (mononuclear cells), Mature cells (mononuclear cells),

Immaturesblast cells LA Immature/blast PEEEUEEUUERLEEREITE
cells
Non-blood cells
Malignant cell Aunsnszanean Non-blood cells
Mesothelial cells
Others Malignant cell fiminszarenn
Infectious agents Others
(bacteria, fungus ,virus ,parasite) Infectious agents
Crystals (bacteria, fungus ,virus ,parasite)

Crystals



Peripheral Blood Body Fluids

. Blood cells; mature or immature
. Macrophages, Mesothelial cells

. Non hematological neoplastic cells
. Synoviocytes (nsdl synovial fluid)

Blood cells




Cell / other found in body fluids

nIsaurnANHRAaUNGNWUlK body fluids

PMN Blast cells, immature cell

Lymphocytes, monocyte/macrophage Mature cell, lymphoma cells
Malignant cells

(mononuclear cells)
Eosinophils, basophils, mast cells,
Pyknotic cells
Mesothelial cells
Erythrophages, hemosiderin,
Infectious agents (bacteria, yeast, fungus)
Crystals

Benign



Hematologic malignancy Non hematologic malignan

tMalignant effusiont

HWHIA WHND9HaN - AMS KKU - 2025 i

Benign effusion




Cell / other found in serous fluids

Scanned on low power/high power

U

Look for

‘ hatpsy/Mww.yo utu be.com fwatch d=Thisnd2p no

Differential WBC: 100x (oil)

w W

YiNAUSINAULBAALAZAMURAUNRFIY
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Cell / other found in body fluids

Macrophage

Plasma cell

Macrophage o A



Cell / other found in body fluids

Homogeneity Homogeneity Heterogeneity
(Monomorphic) (Monomorphic) (Pleomorphic)
Lymphocytes Blast cells Atypical lymphocytes/plasma ells 4



Cell / other found in body fluids

Mott cell Macrophage Mast cell



Cell / other found in body flmds

Erythrosiderophage

“~ __ Macrophages with
g phagocytose mesothelial cell

:

HWNNIA WHND9Maty - AMS KKU - 2025 |



Cell / other found in body fluids

Erythrophages
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Cell / other found in body fluids

Siderophages




Cell / other found in body fluids
Hematoidinophages




Cell / other found in body fluids

Erythrosiderophages
| @




Cell / other found in body fluids
Leukophage

TV




Cell / other found in body fluids

Macrophages with phagocytose
mesothelial cell




Cell / other found in body fluids

Macrophages find1s Signet ring cells

Signet ring cell

"~
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Bacteria _'




Cell / other found in body fluids
Mesothelial cell

2176 12-30 luason (Uszann 1-2 11989 neutrophils)

—




Cell / other found in body fluids

Mesothelial cell Low and high power field




Plasma cell Mesothelial cell

Plasma cell
Clumped chromatin
Deep blue cytoplasm
Perinuclear halo

WWHAA WHND9Ma - AMS KKU - 2025



Cell / other found in body fluids

Mitotic figures

=9 a’q‘ ] o’ o’ (=1 o
Uu8faLTaane g"lusz gruuaigas  wulalugasuziSaviatevia
nrswudnenedenaatldlauurearuindasiudugaduziSaduall
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Non-Malignant Non-Malignant Malignant



Cell / other found in body fluids

Apoptotic/Necrotic cells




Cell / other found in body fluids

Encapsulated yeast cell cells
Sunburst like yeast cells

, |

- & nyg o oo Lyiphocytes™" .. '« P o w . 9 1
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Cell / other found in body fluids
Crystals

Cholestreol



Reactive mesothelial cell (benign) %@ malignant cell
LLHINIINISHANSEUN

Benign Malignant
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- lddounu mitotic figures N e
. . e - nulduasind mitotic figure
- waadfwedvanan 5 Hueduasnaringnu

padglnmanBuusiauansenirlutng - HaAaudenaNg U alunnon

R P - JaULIRHAATADIANIN ADALI

- Hihadlelazmalan - 1afifnrdlelagunalve) Faiau

- lunseimiu mesothelial cell wazdRAARBaNA BN

- wadrndvne dsusteniluuinen

Huadgaaciawng sUsaay] Nu " :
. - 913H N/C ratio gann
- N/C ratio hunarnaunuLey

ol . - g : — aanmtmenaniy dndzuna sUsALNLHKD W
— ﬂ%ﬂé‘ﬂt‘lﬁﬂaﬂﬂ'l‘im’]:ﬂaﬂ muaﬂum:ﬂmm A E)E}"U‘H 4 -

o

STUBEINH 91anuhdesssunagaa (window) Aanuoiaiu 3 86 lud

Qr

Ny window




Reactive mesothelial cells (benign) #%S@ malignant cells

Malignant




Summary

Cells Other
Blood cells Non blood cells

Intracelular
: Extracellular
.Mature cells .Mesothelial cells C |
Immature cells .Malignant cell? - Lrystals
- Bacteria
- Yeast

- Other



BASIC SEMEN
EXAMINATION




SAMPLE COLLECTION

®* The specimen container should be a clean, wide-mouthed container

made of plastic, from a batch that has been confirmed to be non-

toxic for spermatozoa.

* The container must be labelled with the man’s name and I g
$ 7
identification number, the date and time of collection, or unique £ g‘ 7
2 | [§7
¢ 7

[ 1)s
RN ¢

BRL

o Z

sample identifying numbers.

= Before ejaculate collection, the specimen container should be kept

Sterile/d/B03AWTTACZ

at ambient temperature, between 20 °C and 37 °C.
httpsy/ fervew amazon.cam/ Dealmed-$pedmen-Container-R



SAMPLE RECEPTION

THE FOLLOWING INFORMATION SHOULD BE RECORDED

Identity of the man (e.g. name and personal code number)

and ideally his confirmation that the sample is his o

The period of prior ejaculatory abstinence
The time of collection
The completeness of the sample

Ejaculate volume




VOLUME BY WEIGHT

* The volume is best measured by weighing the sample in the

container in which it has been collected.

* Use a pre-weighed container for collection of the ejaculate, with

the weight noted on the container and lid.

* Weigh the container with the ejaculate in it.

* Subtract the weight of the empty container.

* Calculate the volume from the sample weight, assuming the At /v mmoro /64280 e im ik md=googe il =Gk,

0SgkOZitmP v4_-Qa_sdakjF z_SAA3QH-6p SriB_Y0j4gDGaUB oC 02M QAVD_BwE

density of semen to be 1 g/ml.



EXAMINATION PROCEDURES
BETWEEN 30 AND 60 MINUTES AFTER EJACULATE COLLECTION

= Assess liquefaction and macroscopic appearance.

=" Measure semen pH.

" Prepare a wet preparation for assessing sperm motility.

= Assess sperm vitality (if the percentage of motile cells is low).

Make dilutions for assessing sperm concentration.

v ®= Make smears for assessing sperm morphology.



EXAMINATION PROCEDURES
WITHIN 3 HOURS OF EJACULATE COLLECTION

= Sperm concentration

= Sperm morphology.



MACROSCOPIC APPEARANCE

ht tps:// medicallabnotes.com /tag/ ssmen-analysiy/

A normal liquefied ejaculate has a macroscopically

homogeneous, cream/grey-opalescent appearance.

slightly yellowish after longer abstinence times

red-brown when red blood cells are present (haemospermia)

yellow in a patient with jaundice or taking certain vitamins

or drugs



LIQUEFACTION

The ejaculate is typically a semi-solid coagulated mass or a gel-like clump.

As liquefaction continues, the ejaculate becomes more homogeneous and waterier but still with @

higher viscosity than water.

Complete ejaculate liquefaction is normally achieved within 15-30 minutes at room temperature.

A temperature of 37 °C will facilitate liquefaction.

Swirling movement of the sample container will help liquefaction to complete.



EJACULATE VISCOSITY

After liguefaction, the viscosity of the ejaculate can be
estimated by gently aspirating it into a wide-bore plastic

disposable pipette.

Allow the semen to drop by gravity and observing the length

of any thread.

A normal liquefied ejaculate falls as small discrete drops.

If viscosity is abnormal, the drop will form a thread more S ———

than 2 cm long.



EJACULATE pH

® |t should be done at a uniform time, preferably 30 minutes
after collection.

1.09543.0001 100 Tests
* Normal pH of semen is slightly alkaline (7.2-8.8). MColorpHast™

pH-indicator strips (non-bleeding) M !
pH 6.5 - 10.0 ] |
pH-Indikatorstibchen (nicht blutend)
mmﬂn:.mm) de pH

| (Golntone) . e

EMD Melipors Coeporation, 280 Concord Aosd, Silenca.
MA 01621, USA. Tol. «1-978-716-4321

68 71 74 77 79 81 83

—

https://www .o mo on def-/ en/ Mecck-p H-indicator-s Scks-5-10/d /8O TLBV3I P2

81 83 85 87 90 95 100




MAKING A WET PREPARATION

* Place a 10 pl well-mixed aliquot onto a clean microscope slide.

* Place a 22 mm x 22 mm coverslip by dropping it carefully

horizontally over the drop.

* Assess the freshly made wet preparation as soon as the

contents are no longer drifting.




SPERM MOTILITY
CATEGORIES OF SPERM MOVEMENT

Rapidly progressive ( 25 pm/s) — spermatozoa moving actively, either linearly or in a large circle, covering a

distance, from the starting point to the end point, of at least 25 pm (or 1/2 tail length in one second)

= Slowly progressive (5 to < 25 um/s) — spermatozoa moving actively, either linearly or in a large circle,

covering a distance, from the starting point to the end point, of 5 to < 25 um (or at least one head length

length in one second)
* Non-progressive (< 5 um/s) — all other patterns of active tail movements with an absence of progression

" Immotile -— no active tail movements



SPERM MOTILITY

" |t can be done at lower magnification (100-200x total magnification).

= Assess approximately 200 spermatozoa per replicate.



SPERM VITALITY

It Is not necessary when at least 40% of spermatozoa are motile.

* The vitality test is important to discriminate between immotile dead sperm and immotile live sperm.

*" The presence of a large proportion of live but immotile cells may be indicative of structural defects in

the flagellum.

= High percentage of immotile and dead cells may indicate epididymal pathology or an immunological

reaction due to an infection.



SPERM VITALITY

= Live spermatozoa is assessed by identifying those with an intact cell membrane, by dye exclusion or

hypotonic swelling.
* Dead cells have damaged plasma membranes that allow entry of membrane -impermeant stains.
* The recommended test for diagnostic use is the eosin—nigrosin test.

= Sperm vitality should be assessed as soon as possible after liquefaction of the semen sample,

preferably at 30 minutes.



VITALITY TEST USING EOSIN-NIGROSIN

Fig. 2.4 Eosin-nigrosin smear observed in brightfield optics

Spermatozoa with red or dark pink heads are considered dead (D), whereas spermatozoa with white heads (L) are considered alive.

WHO laboratory man ual for the examination and p ocessing of h uman semen, Sth Editon

= Examine the slide with brightfield optics at x1000 magnification and oil immersion.

® Evaluate at least 200 spermatozoa.

= Spermatozoa with a faint pink head staining are assessed as dead.



COUNTING SPERMATOZOA

®* The number of spermatozoa in the ejaculate is calculated from the concentration of spermatozoa and

the ejaculate volume.
® Choose the most appropriate dilution from examination of the wet preparation.
" Prepare dilutions by mixing exact volumes of ejaculate and fixative (sodium bicarbonate (NaHCO;,)).
= Examine by using counting chamber (hemocytometer).
* Load the hemocytometer chamber and leave it in a humid chamber.
= Count at least 200 spermatozoa per replicate.
* Calculate the concentration in spermatozoa per ml.

® Calculate the number of spermatozoa per ejaculate.



COUNTING SPERMATOZOA

Table 2.1 Sufficient volumes of ejaculates - final volumes of diluted sperm suspensions for adequate handling

Spermatozoa Spermatozoa

per x400 field per %200 field Dilution Ejaculate (pl) Fixative (pl)
> 200 > 800 1:50(1 + 49) 50 2 450
40-200 160-800 1:20(1 + 19) 50 950
16-40 64-160 1:10(1+9) 50 450
2-15 8-64 1:5(1+4) 50 200
<2 <8 1:2(1+1) 100 100

‘WHO la boratory man ual for the examination and pm aessing of human semen, Sinth Edition



COUNTING SPERMATOZOA

" First assess the upper left large square in the central grid of one side of the chamber.

" Use this number to decide how many large squares of the central grid to assess:

" < 10 spermatozoa: count the whole grid (25 large squares)
= 10-40 spermatozoa: count 10 large squares

= > 40 spermatozoad: count 5 squares

'WHO labora tory manualfor the examination and peocessing of human semen, Sixth Editon



SPERM MORPHOLOGY

The criteria presented here were developed from investigations of the morphology of

spermatozoa able to penetrate cervical mucus and bind to the zona pellucida.

The practical evaluation of human sperm morphology comprises the following steps:

Preparing a smear of ejaculate on a slide -

v

Air-drying, fixing and staining the slide

Examining the slide with bright field optics at x1000 magnification with oil immersion

Assessing approximately 200 spermatozoa



Fig. 2.9 Preparing a normal semen smear

To get the feel for the motion, place the dragging slide at an angle of 45° and move it into contact with the aliquot of semen (3),
which runs along the edge of the slide (b). Bring the dragging slide slowly back (over approximately 1 second) along the
length of the slide to produce the smear (c).

(c)

(a)

WHO La bor atory man ualfor the examinason and p o cessing of humansemen,Soeh Editon



SPERM MORPHOLOGY
STAINING

*= The Papanicolaou, Diff-Quick or Shorr stains can be used.
®* The use of Papanicolaou staining is recommended.

®= Papanicolaou staining gives the best overall visibility of all regions of the human spermatozoon.



Table 2.6 Classification of sperm morphology

Location

Head

Normal (ideal/typical) appearance

The head should be smooth, regularly
contoured and generally oval in
shape. There should be a well-defined
acrosomal region comprising 40-70%
of the head area (96). The acrosomal
region should contain no large

WHO laboratory man ualfor the examinaon and processing of hurman semen, Sisth Editon

Abnormal

e acrosome less than 40% or larger than 70% of a normal
head area, or

» length-to-width ratio less than 1.5 (round) or larger than
2 (elongated), or

» shape: pyriform (pear shaped), amorphous, asymmetrical,
or non-oval shape in the apical part, or

vacuoles, and not more than two small

vacuoles, which should not occupy
more than one fifth of the sperm
head. The post-acrosomal region
should not contain any vacuoles.

e vacuoles constitute more than one fifth of the head area or
located in the post-acrosomal area, or

e double heads, or

e any combinations

JR—

Regon

Pestacotoma]

| T Region
Neck —

Midpiece

"::Dﬁ:as..- Bonpated Vacooioned Iregelar  Arephoss 0 ™
Prir Y T 9y
Neck and Midpiece Defects

Asymmetric Bent Thia Thick Imegelar Oroplet

fF rY T T 8

Tail Defects

31

Terminal
Maipin Boken Dwplicate Draglet

P77




Midpiece

Tail

Cytoplasmic
residue

The midpiece should be slender,
regular and about the same length
as the sperm head. The major axis of
the midpiece should be aligned with
the major axis of the sperm head.

The principal piece should have a
uniform calibre along its length, be
thinner than the midpiece and be
approximately 45 um long (about
10 times the head length). It may
be looped back on itself, provided
there is no sharp angulation
indicative of a broken flagellum.

Cytoplasmic droplets (less than
one third of a normal sperm
head size) are normal.

irregular shape, or

thin or thick, or
asymmetrical or angled insertion at head, or
sharply bent, or

any combinations

sharply angulated bends, or
smooth hairpin bends, or
coiled, or

short (broken), or

irregular width, or

multiple tails, or

any combinations

residual cytoplasm is considered an anomaly only when it

exceeds one third of normal sperm head size

WHO lsboratory manual for the examination and p o cessing of human semen, Soth Editon

(a)

(b)



Fig. 2.10 Schematic drawings of some abnormal forms of human spermatozoa

A. Head defects
(@) (b)

Tapered Pyriform

(d) (e) (f)
Amorphous Vacuolated Small
acrosomal

(

area

B. Neck and midpiece defects C. Tail defects D. Excess residual
cytoplasm
() (h) 0] () (k) () () (n)
Bentneck  Asymmetrical  Thick Thin Short Bent Coiled > one third
insertion head

W

WHO lsborat ory manual for the examination and p o asssing of human semen , Sith Editon



Categories of sperm abnormalities
The categories, or regions, of interest are:

e head (%H)
e neck and midpiece (%NM)
o tail (%T)

e excess residual cytoplasm (%C).



Semen analysis

Parameters Reference values
Semen Volume (ml) >1.4
Sperm concentration (10° per ml) > 15

Total sperm number (10° per ejaculate) > 39

Progressive motility (PR, %) > 30
Total motility (PR+NP, %) > 42
Viability (live spermatozoa, %) > 54
Sperm morphology (Normal forms, %) > 4

WHO laboratory manual for the examination and processing of human semen, 2021 (6" edition)



SEMEN NOMENCLATURE

Azoospermia No sperm in ejaculate

Oligozoospermia Total number / concentration of sperm below reference limit
Asthenozoospermia % progressive motile sperm below reference limit

Teratozoospermia % morphologically normal sperm below reference limit
Oligoasthenozoospermia Total number / concentration of sperm and % progressive motility below

reference limit

Oligoteratozoospermia Total number / concentration of sperm and % normal morphology below
reference limit

Asthenoteratozoospermia % progressive motile sperm and % normal morphology below reference limit

Oligoasthenoteratozoospermia  Total number / concentration of sperm, % progressive motility and % normal
morphology below reference limit

hitps S wowew .comibrid ge ongy/c o efbo oles/'s ubfe rti lity-repr odwc i ve-end ocsin ol og y-o nd-o i st ed-r eproducion/semen- andy sis-and-sperm -func tion- tests /CTTB1AZ E2A 271 3603 TF D3 BCIACIEFIOE

Normozoospermia: Normal semen
Aspermia: Absence of semen



AIDEN9 L LSIE9IUHA
Semen analysis

Sample NO. e

Appearance

Volume

Motility

Viability

Sperm count

O Norral O Viscous O Gel, clump O Liguefied O Delay liguefied

LT T U

.mL{Z214mL) pH i (72 -88)
Progressive motility e 30 (2 309 )
Total motility e 0 (2 429 )

B0 (2 50% )

X 10%/mL (= 15 x 10%/mL )

Total sperm count X 108/€jaculate ( 2 39 x 10%/ejaculate )

Sperm morphology Normal ............9% (= 4% )

Abnormal ...........%
- Head defect .................%
- Neck and midpiece defect .................%
- Tail defect .o 90
- Cytoplasmic droplet present ..............%

LUBKANTTATIA semen analysis muUFULuuYad semen nomenclature
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