
Immunocompetence:"is#the#ability#of#the#
body#to#produce##an#effec4ve#immune#

response#against#an4gen#

The"Assessment"of"Immunocompetence""
To#determine#the#status#of#the#immune#system#



The"Assessment"of"Immunocompetence*"
"

for$DIAGNOSIS,$PROGNOSIS$and$THERAPEUTIC$
MONITORING$of:$

#

1.#Congenital#or#acquired#immunodeficiencies#

2.#Malignancies##

3.#Autoimmune#disorders#

4.#Immunosuppression#induced#by#drugs#or#radia4on#####

5.#In#the#recons4tu4on#of#the#immune#system#aEer#bone#

marrow#or#other#lymphoid#4ssue#transplanta4on#

6.#AEer#vaccina4on#

7.#In#clinical#or#basic#research#



The"main"clinical"manifesta4ons"related"to"

altered"immunocompetence"

"

9Increased$suscep?bility$to$infec?on$
$
9Inability$to$overcome$infec?ous$events$despite$an?bio?c$
therapy$
$
9Dissemina?on$of$localized$infec?ons$
$
9Occurrence$of$opportunis?c$infec?ons$
$
9Increased$development$of$tumors$
$
9Development$of$autoimmune$diseases$



The"INTEGRITY"of"the"IMMUNE"SYSTEM"relies$on$the$
presence$of$an$adequate$number$of$func?onally$

competent$cells$and$the$appropriate$concentra?on$of$
factors$

"

9  Evaluate"the"number"of"cells""

9  measure"the"concentra4on"of"factors"

"

and…"

"

B"Evaluate"the"func4onality"of"cells"and"factors"

to##assess#it#



HOW"DOES"THE"LABORATORY"INVESTIGATE"THE"

IMMUNOCOMPETENCE"?"

"

Immunological$competence$can$be$evaluated$through$
several$tests$

$
Data$from$these$tests$must$be$interpreted$in$the$
clinical$context$of$the$pa?ent$and$are$aimed$at$

"

Clinical"Diagnosis"

"

Prognosis"

"

Therapeu4c"monitoring"

"



"

Laboratory$Tests$have$a$biological$and$methodological$
"

"VARIABILITY*
"

Biological":"age,"sex,"race,"nutri4onal"status,"daily"changes,"

medica4ons,"infec4ons"

"

"

Methodological":"type"of"equipment,"reagents,"operator"



#What#kind#of##Biological*Speciemen#?#
$

Blood"(serum"and"plasma)""

"

Biopsy"from"lymphoid"4ssues"(bone$marrow,$lymph$nodes,$spleen)$

"

"Cerebrospinal"fluid""

Bronchoalveolar"lavage"

Asci4c"fluid"

$
The$?ssue$of$origin$of$the$cells$and$$factors$represents$a$"limit"$of$the$

laboratory$tests:$
#

eg.:#Tissue#protein#levels#reflect#those#in#the#blood,#while#cellular#

components#do#not#reflect#the#distribu4on#found#in#other#lymphoid#4ssues#

such#as#spleen,#lymph#nodes,#bone#marrow.#



Propor?ons$of$lymphocyte$popula?ons$in$different$
lymphoid$?ssues$

Lymphocytes"and"subsets" Lymphocyte"

markers"

Lymphocyte"Percentage""

Blood""""""""""""""Lymph"node""""Spleen"

T$lymphocyte$
Helper$T$lymphocyte$
Cytotoxic$T$lymphocyte$
B$lymphocyte$
NK$cells$
NKT$cells$

$



The"blood"is"a"window"for"global"immune"system"



Assays$are$performed$mostly$in*vitro*and$in$some$cases$
in*vivo*

"

For"in*vitro*assays$
blood$samples$obtained$by$venipuncture$$

$
with"an4coagulant"(EDTA,$heparin)$

to$evaluate$cells$
$

no"an4coagulant"$
for$humoral$components$

$



Assessment$of$immunocompetence$
$

9Complete*blood*count*(CBC)$with$differen?al$count$of$
$$$$$$$leukocytes$

$
<Enumera>on$of$lymphocyte$popula?ons$and$subsets$

"

<Cell<mediated*immunity":#lymphocyte$func?on$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$Intradermal$reac?on$(DTH)$$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$test$for$Phagocytosis$
$

<Humoral*immunity*:$Determina?on$of$immunoglobulin$
$$$$$$$$$$$$$$$$$$$$$concentra?on$(an4bodyOmediated#immunity)$
$$$$$$$$$$$$Complement$protein$concentra?on$and$CH50$Test$

$$$$$$



$$
Complete"blood"count"(CBC)"

report"""



The"Complete"Blood"Count"(CBC):"Reference"Range"

quan?ta?ve$(numerical)$and$morphological$
informa?on$about$the$three$circula?ng$cell$types$$

 

 
CELL" DIMENSION"

um"

ABSOLUTE"

COUNT"

WBC"

differen4al"

count"

%"

Red"Blood"Cells" 7"B"8" 4.200.000B"

5.400.000/mm3"

White"Blood"cells"

PMN$neutrophil$
PMN$eosinophil$
PMN$basophil$
Monocyte$
Lymphocyte$

$
10B15"

10B15"

10B15"

10B15"

""7B15"

"

4500"–"8500/mm3"

2700B6000/mm3"

45B260/mm3"

20B85/mm3"

135B510/mm3"

900B3000/mm3"

$
60B70%"

1B3%"

0.5B1%"

3B6%"

20B35%"

Platelet" 2B3" 200.000"–"400.000/

mm3"



Peripheral$blood$smear$



SPECIFIC"TESTS$

CELL$ COUNT$ FUNCTION$
T"Lymphocyte" MAb$and$Flow$Cytometry$ Proliferation$response$of$

mitogen$stimulated$cells$
T"Lymphocyte"subsets" MAb$and$Flow$Cytometry$$ Cytokine$production$

Cytotoxicity$
Suppression$

B"Lymphocyte" MAb$and$Flow$Cytometry$$ Serum$protein$
electrophoresis$
Serum$Ig$levels$$

NK"Cell" MAb$and$Flow$Cytometry$ Cytotoxicity$
Cytokine$production$

Complement" Serum$level$of$
components$by$ELISA$and$
nephelometry$

CH50$hemolytic$assay$

Neutrophil" CBC$ Respiratory$burst$$

Monocyte/Macrophage" CBC$ Intracellular$Killing$of$
microbe$

!



!
IMMUNOPHENOTYPING$:$
enumera?on$of$different$lymphocyte$

popula?ons$and$subpopula?ons$
based$on$the$expression$of$different$

an?gen/$marker$$

$$"
$

•  Expression$ of$ one$ or$ more$ an?gens$ on$ a$ cell$ type$
represents$ the$ method$ to$ determine$ if$ cell$ belongs$ to$ a$
lineage$and$/$or$to$a$defined$stage$of$differen?a?on$

$

•  By# immunofluorescence# and# flow# cytometry# using# monoclonal#

an4bodies# (Mab)# conjugated# to# fluorescent# probes# # and#directed# to#

surface,# cytoplasmic# or# nuclear# an4gen# it# is# possible# to# iden4fy# and#

enumerate#popula4ons

 

CD3 

CD4 



 
The"hematopoie4c"

cell"types"can"

"be"iden4fied"by"

monoclonal"

an4bodies""

directed"against"

an4gens"

exclusively,"or"in"

specific"

combina4on,"

expressed"on"a"

given"cell"type"

Mature"cells"



Matura4onal"stages"of"T"and"

B"lymphocytes""

""

Expression$of$an?gens$associated$$
with$different$stages$of$

development$
$
$
$



IMMUNE$$$$CELLS$



56+ 

CD19+ 

LYMPHOID"LINEAGE":$
 
lymphocytes$
$
T$$$$ $55984$%$
B$ $5917$%$
NK $5915$%$$
$
CD4+/CD8+$$ra?o$=$0.692.8

$    



Cell 2015 161, 387-403DOI: (10.1016/j.cell.2015.02.046)  
Copyright © 2015 Elsevier Inc. Terms and Conditions 

Subsets$leucoitari$del$periferico$



IMMUNOPHENOTYPING""

of"

PERIPHERAL"BLOOD"LYMPHOCYTE""

by$immunofluorescence$with$an?bodies$directed$against$
lymphocyte$an?gens$and$Flow$Cytometry$$(FCM)"

"

"

An4BCD45"""""""" "lymphocyte"

"

An4BCD3"

An4BCD4 " "T"lymphocyte""

An4BCD8"

"

An4BCD19 " "B"lymphocyte""

"

An4BCD56/CD16" " "NK"cell"
 
 





IMMUNOFLUORESCENCE:$staining#with#fluorophoreOconjugated#Mab#

+ 

One$an?body$$

Two$an?bodies$



Fluorescent$
probe$/
Fluorophore$



 Flow$Cytometry$

Laser$
488nm$

FL2"PE"

SSC"

FSC"

Fluidic$

Electronic$

Computer$

FL3"PerCP$$

FL1"FITC"

Light detectors 



 
Types""of"FCM"Cytogram$$

$representa4on#of#fluorescence#distribu4on

Green"Fluorescence"Intensity"

N
u
m
b
e
r"
o
f"
C
e
ll
s
"

Unstained"cells"

FITCBlabeled"cells"

One"Parameter"Histogram"

Red"Fluorescence"Intensity"

G
re
e
n
"F
lu
o
re
s
c
e
n
c
e
"I
n
te
n
s
it
y
"

Two"Parameter"Histogram"

nega?ve$
region$$

nega?ve$
region$$

Green$
fluorescence$
region$

Red$
fluorescence$
region$

Green$and$Red$
fluorescence$
region$



IMMUNOFLUORESCENCE$and$distribu?on$of$fluorescence

+ 

100 101 102 103 104
CD8 FITC

One$an?body$$

Two$an?bodies$

green$fluorescence$

Re
d$
flu

or
es
ce
nc
e$

green$fluorescence$
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IMMUNOPHENOTYPING:"example$$of$lymphocyte"cytograms"

C
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"
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C
D
1
6
/
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(fluorescence#distribu4ons)#

CD4$/$CD8$subsets$

T/$B$/$NK$
lymphocytes$



Immunophenotyping$
Report$



"

Flow$cytometric$analysis$of$T$lymphocyte$CD4+$and$CD8+$$
$in$pa?ent$with$HIV$infec?on$

CD4+ CD4+ 

Normal$subject$ HIV+$pa?ent$$$

1395$$CD4+$T$lymphocyte/mm$3$ 66$$CD4+$T$lymphocyte/mm$3$



CLINICAL$COURSE$OF$HIV$INFECTION$



CD3" CD19" CD16"

T""lymphocyte"

B""lymphocyte"

NK"cells"

LYMPHOCYTES"

TCR"alfa/beta" TCR"gamma/delta"

CD4" CD8"

90B95"%"CD3+" 5B10"%"CD3+"

5B17"%"of"""

total"lymphocytes"

5B15"%"of"""

total"lymphocytes"

"55B84"%"of"""

total"lymphocytes"

"

40B60"%"of"""

total"lymphocytes"

"

20B40"%"of"""

total"lymphocytes"

"

+

+ + +

+

Lymphocyte"Popula4ons"in"peripheral"blood"

56"
+



FoxP3$

CD
25

$

T"reg"lymphocyte"CD4+CD25+FoxP3+"



Naive/memory phenotype 
Four functional T-cell compartments are defined in humans by the expression of CD45RA and 

CCR7: 
•  Naïve precursor (CD45RA+ CCR7+),  
•  CM central memory (CD45RA-CCR7+),  
•  EM effector memory (CD45RA- CCR7-)  
•  TEMRA Terminally differentiated effector  memory (CD45RA+ CCR7− ) 

 (Sallusto F. et al. Nature 1999; Sallusto F. et al. Annu Rev Immunol. 2004)  

TEMRA               N 

EM                 CM 

CD
45
RA

$

CCR7$



CD4+"CD8+"

C
D
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5
R
A
"

CCR7"

C
D
8
"

CD4"

T Cells 

CCR7"

Naïve - memory

TEMRA               N 

EM                 CM 



Figure A-35

"MITOGEN"and"lymphocyte"prolifera4on""



mitogen 



Lymphocyte"PROLIFERATION"TEST":"

mitogen#s4mulated#lymphocytes#incorporate#thymidine#

#

"Dose/Response$curve$

[PHA]"



 PROLIFERATION"Curve"

PHA"

days"



ADDITIONAL""""TESTS"

"



CD8+$T$LYMPHOCYTES$from$HIV$PATIENTS$ARE$ABLE$TO$PRODUCE$$
##CYTOKINES$in#vitro#?$$

IL92$ Gamma$IFN$
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K562 

�� cells 

Cytotoxicity"by"51Cr"release"assay$



Figure A-38 part 1 of 2



Figure A-38 part 2 of 2



Skin Test  (extracts of various infectious microorganisms) 

Cells recruitment  
and activation Inflammation 

Intradermal  
Injection on inner 

forearm 

48-72 hours 
(Mantoux$tubercolin$test)$



SERUM$PROTEIN$ELECTROPHORESIS$

An?body$produc?on$by$B$cells$

5B16"g/L"



Immunoelectrophoresis"



Normal ""

Common"Variable"Immunodeficiency"

Immunodeficit"





IgA"and"IgG"specific"an4bodies"are"biomarkers"for"Celiac"Disease"

(an#immuneOmediated#disorder)$$



Ig"SERUM$CONCENTRATION$$$mg/ml"

"

IgG " "IgM " "IgA " "IgD " "IgE"

13.5 " "1.5 " "3.5 " "0.03 " "0.0005"

"

"

IgG1 " "IgG2 " "IgG3 " "IgG4"

"9 " "3 " "1 " "0.5"

"

"

IgA1 " "IgA2"

"3 " "0.5 " ""



In#atopic#subject:#"RIST"="serum$total$IgE$



RAST"="serum$specific$IgE$



Methods"for"assaying"the"neutrophil"func4onality""



ROS"produc4on"



Nitroblue"of"tetrazolium"TEST"(NBT)""
(Tes?ng$the$intracellular$killing)#

Nitroblue"of"tetrazolium"is"a"yellow""compound"$
$
$

aler$reduc?on$(respiratory$burst)$$
$
$

dark"blue"FORMAZAN"is"formed"!
!
!

(determined$by$spectrophotometric$reading)$$$



DEGRANULATION$ASSAY$or$FRUSTRATED$PHAGOCYTOSIS



SPECIFIC"TESTS$

CELL$ COUNT$ FUNCTION$
T"Lymphocyte" MAb$and$Flow$Cytometry$ Proliferation$response$of$

mitogen$stimulated$cells$
T"Lymphocyte"subsets" MAb$and$Flow$Cytometry$$ Cytokine$production$

Cytotoxicity$
Suppression$

B"Lymphocyte" MAb$and$Flow$Cytometry$$ Serum$protein$
electrophoresis$
Serum$Ig$levels$$

NK"Cell" MAb$and$Flow$Cytometry$ Cytotoxicity$
Cytokine$production$

Complement" Serum$level$of$
components$by$ELISA$and$
nephelometry$

CH50$hemolytic$assay$

Neutrophil" CBC$ Respiratory$burst$$

Monocyte/Macrophage" CBC$ Intracellular$Killing$of$
microbe$

!



SERUM$CONCENTRATION$OF$COMPLEMENT$SYSTEM$
COMPONENTS$$

 
C3   1000 - 1200  ug / ml 
C4   300 – 600  � 
 
C1q   70   � 
C1r   50   � 
C1s   50   � 
 
C2   20   � 
C5   80   � 
C6   45   � 
C7   90   � 
C8   60   � 
C9   60   � 
 
Factor B  200   � 
Factor D  1-2   � 
Properdin  25   � 
 
Factor I   35   � 
Factor H  560   � 



 Hemoly4c"assay"or"CH50 
CH50":"defines$the$amount$of$Complement$required$to$induce$50%$lysis$of$$sensi?zed$
erythrocytes.$
It$is$expressed$as$the$inverse$of$the$serum$dilu?on$that$gives$50%$lysis 

 
 

.$
diluted$Serum"Sample"$

+$$
"sheep"erythrocytes"sensi4zed"with$specific$an?body$$

$
$

Spectrophotometric$measurement$of$hemoglobin$release$
$
$

Correla?on$between$hemoglobin$release$and$percentage$of$hemolysis$
$ 





Rela?onship$between$the$percentage$of$hemolysis$$
and$serum$dilu?on$

 
CH50 Normal"values"��$
between$509200$units$



The"reduc4on"of"CH50"correlates"with"the"reduc4on"of"C3"ac4vity""

"

"

Reduc4on"of"C"ac4vity"is"observed"for:""

"

1."Consump4on"of"C"for"the"forma4on"of"immunocomplex""

"

2."Decreased"synthesis"of"C""

"

3."Increased"catabolism"of"C



 
Diagnosis"of"systemic"autoimmune"diseases"

Systemic$autoimmune$disorders$are$$immuno9mediated$
diseases$with$predominant$involvement$of$connec?ve$?ssue$
with$clinical$manifesta?ons$such$as$inflamma?on$of$joints,$
skin,$muscles.$The$connec?ve$?ssue$diseases$(CTD)$are$
characterized$by$the$presence$of$par?cular$types$of$

autoan>bodies$$$
 
SLE   Systemic Lupus Erythematosus 
SSc     Systemic Sclerosis  
MCTD  Mixed Connective Tissue Disease 
PM-DM  Polymyositis-Dermatomyositis 
SS   Sjogren Syndrome   
RA   Rheumathoid Arthritis    
UCTD  Undetermined Connective Tissue Disease 



Autoan?bodies$are$markers"$
in$autoimmune$diseases$useful$for$$

$
diagnosis**

*
classifica>on**

*
prognosis**

*
monitoring



The$term$ANA$indicates$

a$group$of$an?bodies$(IgG$or$IgM)$

directed$against$different$nuclear$an?gens$



An4nuclear"an4bodies"are"directed"against":"

n-DNA o ds-DNA 
 ssDNA 
 histone 

 
extractable*nuclear*an>gens*(ENA): 

 RNP/Sm 
 Scl 70 
 SS-A / Ro 
 SS-B / La 
 PM-1 
 Jo-1 
 Ku 
 RANA 
 PCNA 



When"a"SYSTEMIC"AUTOIMMUNE"DISEASE"is"suspected""

"

The"diagnos4c"approach"will"be"

"

"

Test"ANA"(an4nuclear"an4bodies)"

"

"

Test"an4BENA"(extractable"nuclear"an4gens)"

(to"confirm"the"posi4vity"for"ANA)"



ANA"

represent$a$group$of$an?bodies$present$in$the$serum$
of$pa?ents"

"

the$ANA$are$specific$for$self$an?gens$contained$in$$
nucleus$$

$
The$ANA$are$found$in$many$systemic$autoimmune$diseases,$
but$also$in$5910%$of$cases$of$organ9specific$autoimmune$
diseases$(thyroidi?s,$chronic$atrophic$gastri?s,$secondary$

amenorrhea,$type$I$DM$...).$$
$

Low$?ter$of$ANA$may$be$detected$in$normal$popula?on$:$
prevalence$has$increased$in$females$than$in$males$and$in$the$

elderly$than$in$the$young."
"

"

"

$
$



9  ANA"

assessment$of$the$serum$?ter#and$the$morphological$panern$
by$$

IFI*=*INDIRECT*IMMUNOFLUORESCENCE*
using# rat# liver# and# kidney# sec4ons# or# the# Hep<2# human# laryngeal#

carcinoma#cell#line#that#express#human#an4gens#present#in#all#cell#cycle#

phases.###

For#an4bodies#an4ODNAn/ds,#using#Crithidia*luciliae,#a#protozoan,#which#
contains#a#kinetoplast#with# #DNA#histone#free# #(useful#for#the#diagnosis#

of#Lupus#induced#by#drugs#characterized#by#an4bodies#an4Ohistone) 
 

9  An4BENA"

detected$in$serum$by$
     ELISA*or*DOUBLE*DIFFUSION*in*agarose*gel*

 
 

    
 

      

Methods"for"the"measurement"of"ANA"and"an4BENA:"





"IF I "and" "ANA"Titer "

For$diagnos?c$purposes$the$?ter$of$1:40"and$1:160"are$
considered$as$decision9making$levels:$$
$
<1:40"nega4ve"(an?nuclear$an?bodies$in$low$?ter$1:40$9$1:80$
can$be$present$in$healthy$subjects,$in$pregnant$women,$in$
women$over$40$years,$in$the$elderly)$$
$
"">"1:40"and"<1:160"low"posi4ve"(in$the$absence$of$specific$
symptoms,$diagnos?c$protocol$must$suggest$monitoring$in$
later$?mes)$$
$
>"/"="1:160"are$considered$sugges4ve$of$autoimmune$disease$

 
 



ELISA$(Enzyme9Linked$Immunosorbent$Assay)for$An?9ENA$Ab$



Fluorescence"Paqern"""

Fluorescence*type* Antigen* Disease*
Periphery( ds+DNA( LES(
Homogeneous( Histone+DNA(complex( LES(and(connective(tissue(

disease(
Speckled( Nuclear(antigen(not(DNA(

type(
LES(,MCTD,(LES,(SS,Sjogren(

Nucleolar( Nucleolar(RNA( Sclerodermia(
!



homogeneous$

speckled$

peripheral$or$rim$

nucleolar$



           IFI""on"HEpB2"

ANTINUCLEAR ANTIBODY (ANA) 

Peripheral Pattern: anti-dsDNA 

Homogeneous Pattern : anti-DNA-
Histone 



Speckled"Paqern:""an4BENA""an4bodies"









RHEUMATOID FACTOR (RF) 

!  Autoan?body$directed$
against$the$Fc$
component$of$human$
and$animal$IgG.

! More$frequently$are$IgM,$
but$also$IgG,$IgA$or$IgE.$

!  The$RF$is$produced$by$
plasma$cells$in$the$lymph$
nodes,$spleen,$and$in$the$
synovial$membrane.$



 RF$is$the$ONLY$SEROLOGICAL$INDICATOR$OF$DISEASE$INCLUDED$IN$THE$$ACR$
CRITERIA 

  The HIGH$TITLE$correlates$with$$a$more$severe$disease,$extra9ar?cular$$$$
manifesta?ons$and$rheumatoid$nodules                          

       

RHEUMATOID ARTHRITIS OTHER DISEASES 

TITER high low 

REACTIVITY WITH 
HUMAN and ANIMAL IgG  frequent infrequent 

ISOTYPES IgM, IgG, IgA main IgM 

PRODUCTION SITE 
synovial$membrane$and$
other$extravascular$sites$ 

unknown 

RHEUMATOID FACTOR PROPERTIES 



RA test/ LATEX 
(agglutination – human IgG) 

WAALER-ROSE 
(hemoagglutination – rabbit IgG )     



   Rheumatoid Factor 

  METHOD             SENSITIVITY       SPECIFICITY  
 

  Waaler-Rose         50%                  90% 

  Latex (RA test)         75%                  75% 

  Nephelometry              82%                  96% 

  RIA          82%                  93% 

  ELISA          85%                  94% 
 
 



DISEASE ASSOCIATED with POSITIVE FR 

RHEUMATIC DISEASES (%)
Artrite reumatoide 75
Sindrome di Sjögren 90
LES 30
Sclerodermia 20
Polimiosite 20
Connettivite mista 25
Artrite cronica giovanile 15

OTHER (%)
Crioglobulinemia 70
Macrogl. di Waldenstrom 30
Plasmocitoma 30
Epatiti croniche 25
Fibrosi polmonare 25
Sarcoidosi 10
Silicosi  5
Trapianto renale  5

INFECTIOUS DISEASES (%)
Endocardite batt. subacuta       40
Epatite virale 25
Lebbra 25
Tubercolosi 15
Sifilide 10
Brucellosi  5
Mononucleosi  5
Salmonellosi  5
Malaria  5
Influenza  5
Tripanosomiasi  5
Leishmaniosi  5

HEALTHY SUBJECTS (%) <5

SUBJECTS >60 yrs (%)  15



ANTIBODY anti-CCP 
(cyclic citrullinated peptides) 

   Numerous$nuclear$or$cytoplasmic$proteins$undergo$post9
transcrip?onal$ modifica?ons$ during$ apoptosis$ $ such$ as$$
the$ citrullina?on$of$arginine$ residues.$ This$event$may$be$
responsible$for$the$induc?on$of$an$autoreac?ve$response,$
in$ rela?on$ to$ an$ insufficient$ clearance$ of$ the$ apopto?c$
cells$ or$ to$ a$ delay$ in$ the$ comple?on$ of$ the$ cell$ death$
program.$ Citrullinated$ protein$ fragments$ would$ thus$ be$
presented$to$the$immune$system$by$s?mula?ng$a$specific$
an?body$response.$ 



ELISA to detect Antibody anti-CCP in Rheumatoid Arthritis 
specific diagnosis 

The$an?9CCP$ELISA$has$high$specificity$for$rheumatoid$arthri?s$(up$
to$95%$in$all$studies)$and$adequate$sensi?vity$(41968%)$and$allows$
to$ detect$ the$ an?9CCP$ an?bodies$ in$ 35%$ of$ sera$ nega?ve$ for$
rheumatoid$factors.$$


