
Outline 

• Review of US national strategy for diagnosis of plague 

• Application of diagnostics in US and other countries 

• New diagnostics in development and evaluation 



Laboratory Diagnostic Criteria For 
Plague 

Presumptive                                                                   

- Positive staining by direct fluorescent antibody 

(DFA) assay 

- Positive PCR   

- Positive serum titer by passive     

hemagglutination/inhibition assay (PHA/PHI)   



Laboratory Diagnostic Criteria For 
Plague 

  Confirmed 

 Isolate identified as Yersinia pestis by positive 

bacteriophage lysis test 

 

 Paired serum specimens that differ by a 4-fold change 

in titer, with one serum having a positive titer 

     

     

 



Direct Fluorescent Antibody (DFA) 

• Rapid presumptive assay for primary specimens  

• FITC labeled rabbit polyclonal antibody against F1 antigen 

 

 

 



Direct Fluorescent 
Antibody (DFA) 



Culture of Yersinia pestis   
   

Sheep blood agar 

•  Sheep blood agar with 6% sheep 

 blood  

•  Inoculate two plates, incubate one 

 at 35oC and one at 22-25oC, for 

 more rapid growth of Y. pestis 

• At 24 hours 

Tiny, almost invisible growth 

• At 48 hours 

1 to 2 mm irregular colonies 

 



Bacteriophage Lysis for Confirmation 
of Yersinia pestis 

Confirmatory test for recovered isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test results:  

 Y. pestis is lysed at both < 28oC and at 37oC 

 Y. pseudotuberculosis is only lysed at 37oC 

 
     

 

       22-25oC              37oC 

  Test results: Y. pestis is lysed at both < 28oC and at 37oC  

         Y. pseudotuberculosis is lysed only at 37oC 



Passive Hemagglutination (PHA) and 
Inhibition (PHI) Assay     

• Detects antibody to F1 antigen 

• Presumptive: Single positive serum titer > 1:10  

• Confirmatory: Paired serum specimens that differ by a 4-fold  

                  change in titer, with one sera having a positive titer 

  



Plague Serosurveillance US  

PHA titer of 1:32 considered positive  

SEROLOGY 
• Passive Hemagglutination 

• Serosurveillance 

(Carnivores, rodents, etc.) 

• Human diagnosis 

 

• ELISA 

• Total antibody 

• Tests for anti Y. pestis 

IgM or IgG antibodies 

Passive Hemagglutination 

Assay 



Positive 

Negative 

Plague Sero-surveillance, 2010  

Total samples = 5311 



Standardized Reagent Distribution 

• DFA reagent 

• Control slides for DFA 

• Bacteriophage strips 

• sSRBCs for PHA/PHI 

• Positive and negative controls for PHA/PHI 

• F1 antigen 

 



Performance of Diagnostics in the 
United States 1998-2005 

 

14(37%) 

 

27(71%)   

  

38 

 

1998-2005 

Confirmed by 

serology 

Confirmed by 

culture 

# confirmed 

cases 

Year 

• Of 27 culture confirmed cases:  23(85%) isolates were from blood, 

4(15%) isolates were from bubo aspirates 

 







 

Sensitivity and  
Specificity of Hand-Held Assays 



PFGE subtyping of Yersinia pestis 

• Goal: Develop a pulsed-field gel 
electrophoresis (PFGE) method to 
identify epidemiologically linked 
isolates 

• Significant discrimination seen 
among isolates subtyped 

• To date, over 600 Yersinia isolates 
typed  

• Human, mammal, and flea pool 
isolates 

• Isolates from 15 countries and 8 
U.S. States 

• Over 250 unique patterns in 
database 

• Real-time sharing of PFGE patterns 
among laboratories 

 

Dice (Opt:0.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-100.0%]

PFGE-AscI

1
0
0

9
8

9
6

9
4

9
2

9
0

8
8

8
6

8
4

8
2

8
0

7
8

7
6

7
4

PFGE-AscI PFGE-NotI

CO96-2596-593

CO96-2522-527

CO96-2671mp

NM02-1856-140

NM02-1852-138

NM02-4476-306

NM02-4477-309

NM02-4484-315

NM02-4484-316

NM02-4479-310

NM02-4452

AZ94-0666

PEXU2

CO96-2363-472

NM97-2676-529

NM87-2981-614

NM79-0358

NM98-1714mp

CO01-1441

CO96-2369

UT01-1423

UT01-1422

CO99-3015

CO97-2426-469

NM98-2993

NM98-0152

ID97-1336

NM98-1714

PEXU599

NM76-6035F

Tjiwidej

CO96-2778

CO96-2780mp

NM98-1715

Java-7

KS97-2091-357

KS97-2100-364

KS97-2100-363

KS97-2102-366

KS97-2104-368

KS97-2104-364

KS97-2101-365

KS97-2099-362

Muradi (lung)

NM97-2129-373

Sutar (lung)

Sutar (bubo)

KS97-2098-359

CO02-1868-143

CO02-1867-142

A1122

80CA2162A

80CA2141

EV76

AZ98-3126mp

NM01-3239-539

CO99-1634mp

CO99-1133C

CO96-2375

CO97-1380-774

CO97-1268mp

CO97-1012

CO97-1653

NM00-0293-42

NM00-0293

CO97-2237-461

NM97-2063-335

NM97-2064-337

NM97-2067-341

NM97-2064-339

NM97-2064-338

NM97-2062-332

NM01-2147

NM99-2130-380

NM97-2070-345

NM97-2070-344

CO97-0977

F361/66

ZE94-2122

AZ96-2561-551

AZ96-2560-550

AZ96-2456/#2

AZ96-2456mp

AZ96-2544-529

AZ96-2545-532

AZ96-2544-531

AZ96-2559-549

AZ96-2555-545

AZ96-2546-533

AZ96-2544-528

AZ96-2456

AZ96-2456/#1

CO02-3389-171

AZ01-1387-261

FN84-0001 Amal

NM94-0496

CH97-1661

CH97-1659

CH97-1658

CH97-1660

CH97-1662

NM99-0030

NM99-0061

PB6

MT92-2218

MT92-2215

15-91

16-34

EV76-20

WY97-2355mp

516

Harbin

KIM6

TZ02-1470

TZ02-1468

TZ02-1473

TZ02-1472

TZ02-1471

TZ02-1467

PyH1R3

CO97-6127

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

Orientalis

orientalis

Antiqua

Orientalis

Orientalis

Orientalis

Orientalis

Antiqua

Mediaevalis

Mediaevalis
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K6PA16.0058

K6PA16.0006

K6PA16.0007

K6PA16.0003

K6PA16.0003

K6PA16.0006

K6PA16.0003

K6PA16.0003

K6PA16.0003

K6PA16.0003

K6PA16.0003

K6PA16.0050

K6PA16.0051

K6PA16.0009

K6PA16.0009

K6PA16.0009

K6PA16.0057

K6PA16.0009

K6PA16.0010

K6PA16.0009

K6PA16.0011

K6PA16.0011

K6PA16.0014

K6PA16.0024

K6PA16.0053

K6PA16.0054

K6PA16.0029

K6PA16.0017

K6PA16.0017

K6PA16.0018

K6PA16.0062

K6PA16.0020

K6PA16.0020

K6PA16.0055

K6PA16.0060

K6PA16.0019

K6PA16.0019

K6PA16.0019

K6PA16.0019

K6PA16.0019

K6PA16.0019

K6PA16.0019

K6PA16.0019

K6PA16.0060

K6PA16.0019

K6PA16.0060

K6PA16.0061

K6PA16.0019

K6PA16.0004

K6PA16.0004

K6PA16.0001

K6PA16.0012

K6PA16.0012

K6PA16.0013

K6PA16.0021

K6PA16.0002

K6PA16.0025

K6PA16.0027

K6PA16.0052

K6PA16.0052

K6PA16.0052

K6PA16.0052

K6PA16.0052

K6PA16.0026

K6PA16.0026

K6PA16.0023

K6PA16.0015

K6PA16.0015

K6PA16.0015

K6PA16.0015

K6PA16.0015

K6PA16.0015

K6PA16.0016

K6PA16.0056

K6PA16.0035

K6PA16.0035

K6PA16.0022

K6PA16.0033

K6PA16.0032

K6PA16.0031

K6PA16.0031

K6PA16.0030

K6PA16.0031

K6PA16.0031

K6PA16.0031

K6PA16.0031

K6PA16.0031

K6PA16.0031

K6PA16.0031

K6PA16.0031

K6PA16.0030

K6PA16.0030

K6PA16.0005

K6PA16.0034

K6PA16.0059

K6PA16.0057

K6PA16.0037

K6PA16.0037

K6PA16.0036

K6PA16.0036

K6PA16.0036

K6PA16.0038

K6PA16.0038

K6PA16.0039

K6PA16.0040

K6PA16.0040

K6PA16.0028

K6PA16.0042

K6PA16.0046

K6PA16.0041

K6PA16.0043

K6PA16.0044

K6PA16.0045

K6PA16.0048

K6PA16.0048

K6PA16.0048

K6PA16.0048

K6PA16.0048

K6PA16.0048

K6PA16.0047

K6PA16.0049



CO023389 171 

CO922145 

CO991133 

CO991148 

NM830483 

NM830694 

NM000293 

NM000293 42 

NM012147 

NM013239 539 
NM021852 138 

NM021856 140 

NM024452 

NM024476 

NM024477 

NM024479 

NM024484 
NM830488 1284 

NM83065 1885 

NM830674 1879 

NM830692 

Rabbit carcass 2 

KZ993785 

93 

91 

81 

78 

CO021867 142 
CO021868 143 

Pueblo, CO Human Case 

Rabbit carcass 1 

CO042510 

CO043014 

CO042792 
CO041300 

84 

87 NM990030 

NM990061 

NM830202 

NM83IJ823 
65 

C0921715 

CO92 

68 
CO991148 

Red Feather, CO Human Case 

 Eumolpianus eumolpi, single flea  

 E. eumolpi, flea pool 

84 

AZ921367 360 

AZ921389 

IJ831816 
AZ921377 

AZ962456 

AZ962544 528 

52 
77 

91 

306 

309 

310 

315 

Molecular typing of Yersinia 

pestis during human case 

investigations 

New York Cases 

-Case isolate identical to ones 

recovered from Neotoma (wood 

rat) and Peromyscus (white-footed 

mice/deer mice) fleas at or near 

case home 

 

Colorado Rabbit Hunter 

-Case isolate identical or highly 

similar to ones recovered from 

rabbits shot by human case 

 

Red Feather Lakes Case 

-Case isolate identical to ones 

recovered from chipmunk fleas at 

suspected exposure site (Lowell et al. J. Clin. Microbiol. 2005 and unpubl. data) 

NYC case – Positive wood 

rat and mouse flea pools 

from July (pre-case) 

NYC case – Positive mouse 

and wood rat flea pools from 

November investigation 

NYC Human 

Case 

Deer Mouse  

Rabbit  

Wood Rat  

Chipmunk  


