
The Essentials of Biosurveillance 
Taught by Field Examples 

Johnathan L. Kiel, DVM, PhD, ACVM(Microbiology and  Charter 
Diplomate in Parasitology) 

2014 Texas Laboratory Response Network Meeting 
February 24 – February 26, 2014 
Mayan Ranch Conference Center 

The Veldt in South Africa, “birthplace “ of anthrax 

Amerithrax Spores 

Purified Anthrax Spores 

1/29/2014 BioAnalysis Consulting LLC 



Outline 

• Kiel’s Postulates of Biosurveillance 
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• An Invasive Species: Hiding in Plain Sight 
• Summary and Conclusions: The Bottom Line 
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Kiel’s Postulates of Biosurveillance 
• Don’t re-invent epidemiology and public health and call it Biosurveillance: You 

are trying to prevent an attack, find it early enough to counteract or mitigate 
its effects, not just survey the “train wreck” and determine its cause 

• Just because you don’t have an infectious disease outbreak does not mean 
the infectious agent is not present: Infectious Disease is more than the agent; 
it has its own entire ecology, “Pathogenic Ecology” 

• You find what you look for: if you get a PCR positive and don’t find an 
infection, it isn’t a false positive for the agent, it is a positive for the gene for 
which you have the primer 

• Use at least 3 orthogonal techniques to identify an agent you detect (Israeli 
Proverb of Biosurveillance; subcorollary: detection is not identification) or if 
you use only two, have a coin to flip to decide (my advice to Commanders) 

• Finally, never forget there are always things you don’t know you don’t know  
      (Former SecDef Donald Rumsfeld): There are more agents ready to attack or 

be used by bioterrorists than on any “Official List of Select Agents”: “There 
are more things in heaven and earth, Horatio, than are dreamt of in your 
philosophy”,  Hamlet, Shakespeare 
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2007 Outbreak 
and 2010 
recovery in 
plants 

2007 Aborted outbreak; origin of “Ames strain” in 1981 (Amerithrax, 2001) 

2005 Outbreak 

Sept 2013 in Sable Antelope 
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Location of a 
Major 
Outbreak in 
1974 

Highly recommended reading:  Johnson, R., “Epizootiology and Ecology of 
Anthrax”, USDA, Animal and Plant Health Inspection Service 
(APHIS), Veterinary Services (VS), Centers for Epidemiology and Animal 
Health (CEAH), Center for Emerging Issues(CEI), 1971-2001; 
http://www.aphis.usda.gov/animal_health/emergingissues/downloads/an
thrax.pdf.  

 

The “Golden 
Triangle” of  

Anthrax 
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Geographical distribution by county of 179 
culture-confirmed cases of anthrax, Texas, 
1974-2000. (Source: Personal 
communication, Terry H. Conger, Texas 
Animal Health Commission, 2001.)  

http://www.aphis.usda.gov/animal_health/emergingissues/downloads/anthrax.pdf
http://www.aphis.usda.gov/animal_health/emergingissues/downloads/anthrax.pdf


Mitchell Ranch—Sutton County, Texas 
Is it the Crime Scene or the Hideout or Both? 

July 2005 
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• Adult doe (approx. 120 lbs alive) which expired ~10-12 days prior 
• Body cavity had “popped” (+100
 

F > 2-weeks), allowing B.a. to sporulate 
• Sample swabs taken from nostrils, throat and abdomen 
• All samples + for Bacillus anthracis 

 Therefore… 
 

With the generally 
accepted formula of each 
ml of blood containing 
~1X10E9 B.a. spores; this 
deer specimen produced 
~5.5X10E13 (55 Trillion) 
B.a. spores-- 
concentrated within a few 
square feet. 

Mitchell Ranch—Sutton County, Texas 

July 2005 
1/29/2014 
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Mitchell Ranch—Sutton County, Texas 

• Remains mostly intact—skeleton located at site previously evaluated 
• Soil samples taken on/around site where animal carcass was found  
• Samples were taken under the carcass and downhill from the carcass 

 Soil Samples 
 

Samples were taken within 
the first ½” of soil, then a 
second taken ~1”-1 ½” 
below the surface.  Based 
on the assumption that 
spores exposed to UV light 
would degrade, whereas 
spores beneath the soil 
would be protected. 

February 2006 
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Mitchell Ranch—Sutton County, Texas 
• A total of 32 samples were taken on day one (not counting controls) 
• Additional 32 samples were taken on day two—PLUS 17 samples from a 

newly discovered deer and bobcat, both ~5-months post-mortem and within 25’ of 
the original specimen. 

February 2006: ALL NEGATIVE 
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Texas Field Isolates of Bacillus anthracis 
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Hoho 1-3 

 
Hoho 1-7 

 
Hoho 1-10 

 
Hoho 4-5 
 

 
 
 
 
 
 
 
 
 

Airforce PCR 
(chromo, pX01,pX02) 

+, -, - +, -, - -, -, - -, -, + 

LRN PCR 
(chromo, pX01, pX02) 

-, +*, +* -, +*, +* +*, +, - +*, +, +* 

Old School pX01 PCR 
(cya, lef, pagA) 

-, -, - -, -, - -, +fb, - -, +fb, - 

Old School pX02 PCR 
(capA, capB, capC) 

+/-, +, - +/-, -, - ND -, +fb, - 

MLVA8 vrrA = 289; other loci - vrrA = 289; other loci - All 8 loci - All 8 loci - 

Gamma Phage - - - - 

CP51 Phage + + Weak + - 
Penicillin  S S R S 

Source Cow carcass Cow carcass Cow carcass Cow carcass 

Other MLST: neg, all 7 loci MLST: neg, all 7 loci 

Field Fragility of Bacillus anthracis: Genotype/Phenotype CDC Collaboration 
Jim Hogg County Texas (Summer of 2007)  

 
* = CT Value ≥ 35 
ND = not done 
+/- = positive faint band matching B.a. amplicon size first run; negative 2nd run 
+fb = faint band, matches B.a. amplicon size 
 

 

Alex R. 
Hoffmaster, Ph.D.  
Chief, Zoonoses 
and Select Agent 
Laboratory 
Bacterial 
Zoonoses Branch  
Centers for Disease 
Control and 
Prevention 
 

Cari Beesley 
Zoonoses and 
Select Agent 
Laboratory 
Bacterial Zoonoses 
Branch 
Division of 
Foodborne, 
Bacterial, and 
Mycotic Diseases 
National Center for 
Zoonotic, Vector-
borne and Enteric 
Diseases Centers 
for Disease Control 
and Prevention 

MLVA =multi-locus variable-number of tandem [consecutive] 
repeat analysis) 
MLST = multilocus sequence typing 
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Presentation Notes
MultiLocus Sequence Typing (MLST) is a tool that is widely used for phylogenetic typing of bacteria. MLST is based on PCR amplification and sequencing of internal fragments of a number (usually 6 or 7) of essential or housekeeping genes spread around the bacterial chromosome. The genetic relatedness among isolates is then determined by comparison of the nucleotide sequence types. 




Bacillus spp. Exchange Genetic Material in the Lab 
and Environment? The Story of K Strain 

 
•“K strain”:  from the Bacterial Research Laboratory,  
Zoonoses Unit, of the Baghdad Veterinary College,  originally a gift from 
Al-Kindi Co. for Production of Veterinary Vaccines & Drugs, and collected 
by United Nations Monitoring, Verification and Inspection Commission 
(UNMOVIC) in March 2003  
 
•The last anthrax bacillus out of Iraq before the 

 war 
 

• It was reported to be 34F2 Sterne spore 
        vaccine strain 
 
•Although Iraqis also declared they had Pasteur Vaccine 2 (17JB) from 
Central Veterinary Laboratory, Weybridge, UK 
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Unidentifiable Strain of Ba from K 
When MLVA-15 allelic patterns were generated 
from K5A and the two K Bacillus cereus isolates (KJ 
and KJ Ery Halo) by PCR amplification, blindly in 
Paul Keim’s laboratory, and compared to the Keim 
Genetics Laboratory MLVA-15 database, only a 
small subset of the VNTR loci were generated and 
they could not be identified as representing a 
particular Bacillus anthracis strain. However, the 
other isolates from the “K strain” mixture (12 out 
of 19) were found to be genotypically identical to 
Sterne (unpublished data, Keim, NAU-0019 
report).  The Bacillus cereus isolates were rightfully 
negative for B. anthracis genotypes, but K5A 
should have been nearly identical to the other 
Sterne-like isolates (the aforementioned 12), 
especially since it was derived from the same 
culture, it was not. K5A is phenotypically Bacillus 
anthracis  

Kiel, J. L., Parker, J.E., Holwitt, E.A., McCreary, R. P., 
Andrews, C. J., De Los Santos, A., Wade, M., Kalns, J., 
Walker, W. Geographical Distribution of Genotypic and 
Phenotypic Markers Among Bacillus anthracis Isolates and 
Related Species by Historical Movement and Horizontal 
Transfer. Folia Microbiologica 53(6), 472-478 (2008) 
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Fully Pathogenic Bacillus anthracis 
from the K Strain Collection from Iraq 
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Bacillus cereus (ATCC) 4342 Control:  
               Ba Mimic 

Smith NR, et al, Aerobic spore forming 
bacteria,US Dep Agric Monogr 16, 1-
148, 1952 

K(J)erythro 
(Iraq) =  
Bacillus cereus 
(4342 ?) 
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Field Fragility of Bacillus anthracis: 
Genotype/Phenotype CDC Collaboration 

  
KM-10B (B. anthracis) 

 
K5A (B. anthracis) 

Airforce PCR 
(chromo, pX01,pX02) 

+, +, - +, +, - 

LRN PCR 
(chromo, pX01, pX02) 

+, +, + +, +, - 

Old School pX01 PCR 
(cya, lef, pagA) 

ND +, +, + 

Old School pX02 PCR 
(capA, capB, capC) 

+fb, +, +fb -, -, - 

MLVA8 vrrA = 313, vrrB1 = 229, vrrB2 = 162, vrrC1 = 
583, vrrC2 = 532, CG3 = 158, pX01 = 129; pX02 

= unknown allele call 
Closest MLVA8 GT matches are GT59 & 

GT61. (Sterne GT’s; Group A3.b) 

vrrA = 313, vrrB1 = 229, vrrB2 = 162, vrrC1 = 583, vrrC2 = 
532, CG3 = 158, pX01 = 129;  

pX02 – 
Closest MLVA8 GT matches are GT59 & GT61. 

(Sterne GT’s; Group A3.b) 
Gamma Phage + - 

CP51 Phage + - 
Penicillin  S S 

Source Rodent liver Not Available 
Other 



Results of PlyG Challenges of Anthrax Bacilli Collected from 
Iraq (K Strain) Compared to Controls 

 
 

Species/strain  Ampicillin 
Sensitivity 

Hemolysis  Cherry 
Gamma 

Phage 
Sensitivity  

Temperate 
Phage  
(Expressed) 

*PlyG 
Sensitivity  

Bacillus 
anthracis/OAJ7**  
(genetically mod lab 
strain) 

_ +   _  _ +  

Ba/K5A  + _ _ +  +  

Ba/K spore  + _  +/-  _ +  

Ba/KM10A  + _ +/-  +  +  

Ba/KM10B  + + (temperature 

sensitive)  

+  +  +  

Ba/KM12  + _ +/-  _ +  

Bacillus thuringiensis 
/Kurstaki  (Control) 

_ +  _ _ _  

Bacillus cereus/ 
4342 (ATCC) (Control) 

+ ++  +  +  +  
*Raymond Schuch, Daniel Nelson & Vincent A. Fischetti, NATURE |VOL 418 | 22 AUGUST 2002 |www.nature.com/nature, 884-889 
**On safe deposit at ATCC by Conceptual Mindworks,  Inc., San Antonio, TX 
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*Raymond Schuch, Daniel Nelson & Vincent A. Fischetti, NATURE |VOL 418 | 22 AUGUST 2002 |www.nature.com/nature, 884-889.



Mystery Solved of How Genes were Mixed in K strain 
1. A variety of temperate bacteriophages lay silent within the Bacillus 

anthracis and the near-relative ATCC#4342, without killing the microbes but 
capable of transferring genes between strains   

2. The “sophisticated” genetic engineering was simply a result of sloppy 
microbiology yielding cross contamination and genetic promiscuity 
mediated by the viruses    

3. In 2011, the mystery of why Iraq was using 17JB anthrax in its vaccine 
production facility was also solved and was not very nefarious.   

a. In a paper by Iranian investigators titled “The phenotypic and 
genotypic characterization of Bacillus anthracis isolates from Iran,” they 
also used Pasteur 17JB and Sterne 34F2 for comparison to the other 
strains they examined.   

b. This was a standard strain in Iran (and other Middle Eastern and Third 
World countries) because of the UN publication: “Manual for the 
production of anthrax and blackleg vaccines” (ISN 0254-6019), 
published in 1991.   

c. It recommends using the 17JB which is pathogenic for guinea pigs (the 
standard animal to test anthrax vaccines for animals, since Max Sterne) 
as the challenge strain to test if the vaccine is protective of guinea pigs.  
This strain is less pathogenic for humans and large animals.   
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Bacillus anthracis: Coiling on Fescue Roots and Alls/Gifford Strain: Coiling Phenotype and Growth on  
 LabLab (Lablab purpureus ) Plant Results**  

 See also Saile E, Koehler TM, APPLIED AND ENVIRONMENTAL 
MICROBIOLOGY, May 2006, p. 3168–3174 Vol. 72, No. 5 

 
 

 
1/29/2014 

Specimen * O/N  
 

 growth 4xC1 F/R  PS-4 F/R† Pa F/R2† Caps F/R  BT 212F/547R^ BT 841F/1197^ 

Ba Sterne spore CTRL + + n/t + - n/a n/a 
ST-16A1 + + n/t + - n/a n/a 

ST-16B + + n/t + - n/a n/a 

ST-16C + + n/t + - n/a n/a 

Bt spore CTRL + + n/t - - + + 

BT-16A1 + - n/t - - + + 

BT-16A2 + - n/t - - + + 

BT-16A3 + + n/t - - + + 

BT-16B1 + - n/t - - - - 

BT-16B2 + + n/t - - + + 

BT-16B3 + + n/t - - + + 

BT-16C1 + + n/t - - + + 

BT-16C2 + + n/t - - + + 

Ba A/G spore CTRL + - + - - n/a n/a 

A/G-16A1 + - + - - n/a n/a 

A/G-16A4 + - - - - n/a n/a 

A/G-16A5 - n/a n/a n/a n/a n/a n/a 

A/G-16B - n/a n/a n/a n/a n/a n/a 

*ST denotes Bacillus anthracis Sterne, BT denotes Bacillus thuringiensis, A/G denotes 
     Bacillus anthracis Alls/Gifford strain 

^BT primers designed to positively identify Bacillus thuringiensis commercial  
      formulation Javelin (serovar kurstaki) 
n/t = not tested; n/a = not applicable 

˜ O/N denotes overnight 

† denotes primer set specific for pX01 plasmid in Bacillus anthracis 

**Kiel, J. L., Walker, W. W., Andrews, C. J., De Los Santos, A., Adams, R. N., Buchholz. M. W., McBurnett, S. 
D., Fuentes, V., Rizner, K. E., and Blount, K. W. Pathogenic Ecology: Where have all the pathogens gone? 
Anthrax: A Classic Case (Keynote Paper). Chemical, Biological, Radiological, Nuclear, and Explosive 
(CBRNE) Sensing X, (Augustus W. Fountain III and Patrick J. Gardner) Proceedings of SPIE 7304:  1-9 (2009). 
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Looking for Ba DNA in Soil and 
Plants 

                                                 
(a) 

 

     

PCR analysis of soil and plant samples from an 
anthrax-contaminated site.  (a) The first five soil 
samples shown on the gel are the DNA samples that 
were isolated using the Platinum Path Soil DNA kit.  
The next six soil samples were DNA isolated from the 
samples from the filtrate of the soil.  The last two 
samples shown were DNA isolated from soil grown 
directly in LB medium.  B.a. + was the positive 
control.  (b) Individual samples are labeled 1,2 or 3; 
BL indicates that the root segment was dipped in 
bleach,  and UN indicates that the sample was 
unbleached.  B.a. St+ was the positive Sterne control, 
and H20- was the negative water control.  The 
ZipRuler2 DNA ladder with the size for each band is 
shown to the right of the gels. Arrows point to the 512 
bp (faint) and 330 bp, respectively, products of the 
PA1 and PA2 primer sets. 

(b) 
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Finding the Environmental Reservoir for Anthrax 
• Summer 2010 found  natural reservoir of Bacillus anthracis 
in Texas (Tom Green County; Stone Ranch) at a site where an 
outbreak of anthrax killed livestock in 2007 
•Contrary to popular belief, Bacillus anthracis was not found 
in soil at this site of animal death and burial or 
abandonment of remains on the surface (documented by 
GPS, culture and isolation previously as a site of anthrax 
recovery in these very animals) but in plants growing on the 
site  
• One plant was scientifically identified : BRASSICACEAE -  
Lepidium virginicum var. virginicum or  Lepidium virginicum 
var. medium; synonyms: Lepidium medium Greene 
•Other two were identified only as wild grasses, which is 
problematic, because there are at least 300 species of such 
grasses in Texas, and flowers and seed were not present, 
which are required for positive scientific identification  
•Bacillus anthracis Sterne previously propagated in fescue 
grass rhizomes and in Lablab (Lablab purpureus ) nitrogen-
fixing nodules 

Virginia pepperweed, poorman's pepper, 
American peppergrass, lentejilla.  

Saile E, Koehler TM, APPLIED AND ENVIRONMENTAL MICROBIOLOGY, May 
2006, p. 3168–3174 Vol. 72, No. 5 

Kiel et al ,Pathogenic Ecology: Where have all the pathogens gone? Anthrax: A Classic 
Case (Keynote Paper). Chemical, Biological, Radiological, Nuclear, and Explosive 
(CBRNE) Sensing X, (Proceedings of SPIE 7304:  1-9 (2009)) 

Coiling forms of vegetative Bacillus anthracis 
that infect plant roots, particularly grasses 

1/29/2014 
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Hunting Grounds for Bacillus anthracis in Azerbaijan  
(Old Burial Pits)  

Department of Defense Cooperative Biological Engagement 
Program (CBEP) 
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Tularemia in Houston: 
PCR and Immunoassays are not the last word 

 (Remember the Biosurveillance Proverb: Three tests are better than Two) 

Berger, “Suspicious bacteria detected: Security 
monitors spot germ; terrorism discounted,” The 
Houston (TX) Chronicle 10 October 2003:A27 
                     (Why is there no dot on Houston?) 
Francisella tularensis also discovered on 
Washington (DC) National Mall 24-25 Sept 
2005; not reported until 1 Oct 2005 
 

 November 29, 2013 
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Current Methods for Tularemia Diagnosis 
Culture in cysteine enriched 

medium with glycerol 
(dangerous for lab personnel) 

1-10 Organisms can cause 
infection 

Type A (most pathogenic)--
glycerol catabolism 
positive (exceptions: Ft 
mediasiatica and 
novicida) 

Type B (self-limiting)--glycerol 
catabolism negative 

CDC PCR method (ISFtu2 element) 
Smaller product--Type A 
Larger product (insertion)--

Type B 
Immunoassays (ELISA and 

agglutination) 
For antibodies to F. tularensis 

in serum 
Can be adapted to find 
 bacterial antigen 
Not type specific 

1/29/2014 G. SANDSTROM  et al, JOURNAL OF CLINICAL 
MICROBIOLOGY, Jan. 1992, p. 172-175 

Ft from Houston cat 
after preliminary culture 
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Sensitivity of Aptamers and Antibodies for 
Identifying   

Francisella tularensis 
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Emerging Exotic Pathogens:  
Heartwater and Viper Plague 

• Heartwater 
– Tick-borne disease: Amblyomma variegatum, A. hebraeum, A. lepidum, A. 

maculatum, other Amblyomma tick carriers 
– Causal agent: Cowdria ruminantium, now Ehrlichia ruminantium 

• Imminent threat to Western Hemisphere 
– Mortality in cattle and other ruminants: excess of 70% 
– Has been found in African spurred tortoises (Geochelone sulcata) and leopard 

tortoises (Geochelone pardalis) 
– Is now in Caribbean Islands 

• Antigua 
• Guadeloupe 
• Marie Galante 
• Perhaps Cuba 

• Viper Plague, a mimic of heartwater, and associated ticks entered the USA in 2002 
• VP rickettsia was isolated in viper cells and propagated in turtle cells, but also infects 

bovine endothelial cells, and human cells (HeLa) 

Kiel, J. L. , Alarcon, R. M., Parker, J. L., Vivekananda, J., Gonzalez, Y. B., Stribling, L. J. V., and 
Andrews, C., Emerging Tick-Borne Disease in African Vipers Caused by a Cowdria-Like Organism, 
Ann. N.Y. Acad. Sci. 1081: 434-442, 2006  

1/29/2014 BioAnalysis Consulting LLC 



Viper Plague:  
Out of Africa into the Americas 

  A rickettsial disease, associated with tick infestation, observed 
in vipers imported from Ghana (bagged with Ball Pythons in 
shipment) 

  The disease has gross lesions very similar to Cowdriosis 
(Heartwater) 

  Associated with Gulf Coast Tick on premises  
  And imported Snake Tick: 

– This is the most common tick parasite of large snakes in most of 
sub-Saharan Africa and in the pet trade worldwide 

– It frequently arrives in the USA on imported pet pythons 
especially from West African countries 

     Tick control and tetracycline treatment of snakes in 
prodromal or asymptomatic phases of the disease alleviated 
the outbreak (100% lethal after neurological signs appeared 
even with treatment) 

• A rickettsial-like organism was isolated in viper cells and 
propagated in turtle cells, bovine endothelial cells, mouse 
cells and human cells (HeLa) (the last two produced 
defective virus) 

Kiel, J. L. , Alarcon, R. M., Parker, J. L., Vivekananda, J., Gonzalez, Y. B., 
Stribling, L. J. V., and Andrews, C., Emerging Tick-Borne Disease in African 
Vipers Caused by a Cowdria-Like Organism, Ann. N.Y. Acad. Sci. 1081: 434-
442, 2006  1/29/2014 

Distribution of Python  
regius, Ball Python 

Green: Distribution 
of Python sebae 
sebae, African Rock 
Python 

Ghana 

Defective virions in cytoplasm 
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Clinical History of Viper Plague: Passing the DoD/USAF 
and Others’ “Giggle Test” 

• Species of snakes belonging to Viperid, Colubrid and Elapid families succumbed to the 
disease (July 2002-February 2003) 

• However, in spite of being intermingled in the collection, no western diamond-backed 
rattlesnakes (Crotalus atrox) showed signs of infection or mortality (Why and How?) 

• This agent(s) may have already appeared in the US as a zoonosis combined with or diagnosed 
as Q Fever (MMWR, September 1, 1978 ,V o l. 27,No. 3, 5 May 25, 1978, New York State, the 
Suffolk County Department of Health Services; total of 11 persons became symptomatic  who 
were involved in unpacking and de-ticking (Amblyomma nuttalli, Aponomma latum, and 
Aponomma flavomaculatum) or came in contact with a shipment of 500 ball pythons (Python 
regius), imported on May 3 from Accra, Ghana) This may be a result of serological cross 
reactivity with Bartonella henselae (more than 50% of a set of chronic Q fever patients had 
antibodies which reacted against B. henselae antigen to a significant level: La Scola and 
Raoult, J. Clin. Micro., Sept. 1996, p. 2270–2274, Vol. 34, No. 9) or Legionella micdadei: D. 
Musso and D. Raoult, Clin. Diagn. Lab. Immun.,Mar. 1997, p. 208–212 Vol. 4, No. 2. 

• OIE (World Organisation for Animal Health) has recognized that non OIE-listed emerging and 
re-emerging diseases must be watched too, both in domestic and wild animals, because the 
knowledge of wild animal diseases can be crucial for the epidemiology of various pathogens 
which affect humans and domestic animals; in 2012, the 1st online notification system was 
integrated into the new version of the World Animal Health Information System, WAHIS; see 
http://www.oie.int/wahiswild --- source ProMed 
 

1/29/2014 
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Hydropericardium 
in Cowdriosis and 
Viper Plague 

Lesions 
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Abundant fluid in Cowdriosis (left) and 
Viper Plague (right) 

Lesions 
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CPE of Viper Plague in Viper Cell and Bovine 
Endothelial Cell Cultures 

Control Infected 

Viper Cells 

Bovine Endothelial Cells 

1/29/2014 
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SEMs of Viper Plague RLO  

1/29/2014 

Bartonella henselae (cat 
scratch fever microbe) for 
comparison 

Renografin Centrifugal Gradient Purified 
BioAnalysis Consulting LLC 
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PCR pCS20: pCS20F/HpCS20R 

PCR products sent for sequencing: 
PCR pCS20F-HpCS20R: 750pb instead of 1100pb 
Nested pCS20: 280pb like Ehrlichia ruminantium 
VSW ER and BSE ER: infected cells (VSW=Russell Viper Spleen  
 Cells; BSE= Bovine Endolthelial Cells  
VSWC & BSEC: uninfected cells 
C+ and T+ = positive control 
   DNA from Ehrlichia 
             ruminantium 
T- = negative control 
MW= molecular weight  
           ladder 
 

Nested PCR pCS20: AB128/129/130 

Dominique Martinez, Nathalie Vachiery, and 
Thierry Lefrancois, CIRAD-EMVT, 
Guadeloupe, French West Indies 

Molecular Biology of Viper Plague: Mixing Up Genes  
(Use at least 3 orthogonal techniques to identify an agent)  
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Kiel, J.L., Gonzalez, Y., Parker, J.E., Andrews, C., Martinez, D., Vacheiry, N., LeFrancois, T. Viral  
association with the elusive rickettsia of viper plague from Ghana, West Africa. Annals of the New 
York Academy  of Sciences 1149, 318-321 (2008). 

How many diverse species mix up genes when co-infecting ticks:  Felsheim RF, Kurtti TJ, 
Munderloh UG (2009) Genome Sequence of the Endosymbiont Rickettsia peacockii and Comparison with 
Virulent Rickettsia rickettsii: Identification of Virulence Factors. PLoS ONE 4(12): 
e8361.oi:10.1371/journal.pone.0008361 BioAnalysis Consulting LLC 



Anti-Rickettsia (OX19 Proteus Ligand) Aptamer-Coated Magnetic Nanoparticles 
on a Polystyrene Bead Attached to a Single Intracellular  Viper Plague Rickettsia 

and Immunofluorescent Staining  

1/29/2014 

VH2 cells infected with the Viper Plague bacterium 
and treated with Proteus Mag complex, Diff-Quik 
stained, and labeled with the conjugated fluorescent 
OX19 Proteus vulgaris antibody, 100x oil.  
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Video Microscopy of Viper Plague 
Rickettsia’s Motility 

1/29/2014 

 
  

Levi S. Van Kirk, Stanley F. Hayes and Robert A. Heinzen, Ultrastructure of Rickettsia rickettsii Actin Tails and 
Localization of Cytoskeletal Proteins, Infect. Immun. 2000, 68(8):4706.  

BioAnalysis Consulting LLC 



New Retrovirus  Infects a Wider Host Range than 
 VSW Virus 

J. Kiel, Y. Gonzalez, J. Parker,C. Andrews, D. Martinez, N. Vachiery,T. Lefrancois,  
ANYAS 1149: 318-321 (2008) 

1/29/2014 BioAnalysis Consulting LLC 



VPV Viral Clusters in VH2 Viper Cells 
 (Resistant to VSW Virus, but not new virus isolate) 

1/29/2014 
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Bovine Endothelial Cells: Infected with VP Showing a Hidden Type D Immunosuppressive 
Retrovirus associated with the Disease Compared to Human Type D Retrovirus: Could VP Type D 

Retrovirus be the First Biological Vector (Tick) Transmitted Retrovirus? 

Human Type D Retrovirus 

VP Type D Retrovirus 

Isolation of a Type D Retrovirus from B-Cell Lymphomas 
of a Patient with AIDS 

ROBERT C. BOHANNON, LAWRENCE A. DONEHOWER, AND RICHARD J. FORD 
Division of Molecular Virology, Baylor College of Medicine, and Department of Molecular Pathology, 

University of Texas M. D. Anderson Cancer Center, Houston, Texas 77030 
Received 29 November 1990/Accepted 23 July 1991 

JOURNAL OF VIROLOGY, Nov. 1991, p. 5663-5672 
0022-538X/91/115663-10$02.00/0 
Copyright © 1991, American Society for Microbiology 

Johnathan L. Kiel, Yvette Gonzalez, Ishmael I. Rosas and David F. Vela, 
Out of Africa: Do Viruses Play a Role in the Emergence of New Rickettsial Diseases? Presentation at the 
5th International Meeting on Rickettsiae and Rickettsial Diseases. Marseille, France. May 2008 

1/29/2014 
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VPV (RLO) Infected VH2 (Viper Heart Cells) Comparisons 

Rickettsia  
Virions 

1/29/2014 

Human Type D Retrovirus  for 
Comparison (MPMV-like); ROBERT C. 
BOHANNON,LAWRENCE A. DONEHOWER, AND RICHARD J. 
FORD, JOURNAL OF VIROLOGY, Vol. 65, No., Nov. 1991, p. 
5663-5672 

Macaque Type D retrovirus  

Infected cells can be obtained through CMI, Inc.(until 2016), from 
ATCC  

VPV in 
VH2 
Cells 

HERV-K? 

JSRV: Jaagsiekte sheep retrovirus  

I. Hod, A. Herz, and A. Zimber, American Journal of 
Pathology Vol. 86, No. 3 .547, March 1977 

MPMV: Mason 
Pfizer Monkey 
Virus VPV in VSW 

Cells 

BioAnalysis Consulting LLC 
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VPV infected Bovine Endothelial Cells 
Compared to HERV-K 

1/29/2014 

Control 

Infected 

Virions 
Katrin Bieda, Andreas Hoffmann and Klaus 
Boller, Journal of General Virology (2001), 82, 
591–596 

HERV-K 

Mitochondria 
BioAnalysis Consulting LLC 



Separated CPE of Viper Plague RLO 
and Retrovirus in VH2 Cells 

1/29/2014 BioAnalysis Consulting LLC 



VPV’s History and Two Tortuous Routes to the USA 

1/29/2014 

Phylogenetic analysis showed that the Indian/Burmese Python virus is distantly related to viruses from both the B and D types and the 
mammalian C type but cannot be classified. It is a highly expressed endogenous retrovirus in all P. molurus individuals; a closely related, but 
much less expressed virus was found in all tested Python curtus (Blood Python) individuals. All other boid snakes tested, including Python 
regius, Python reticulatus, Boa constrictor, Eunectes notaeus, and Morelia spilota, were virus negative.  Virus isolated from P. molurus could 
not be transmitted to the peripheral blood mononuclear cells of B.constrictor or P. regius. Therefore, this virus is probably a distant relative 
of the unclassifiable VPV from Africa, spread from before the separation of Africa and South America 120-95 Ma (          ). Jon B. Huder, Jurg 
Boni, Jean-Michel Hatt, Guido Soldati, Hans Lutz, and Jorg Schupbach, JOURNAL OF VIROLOGY, Aug. 2002, p. 7607–7615 Vol. 76, No. 15 
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Other Retroviruses which Have Followed Long Tortuous Paths to Mammals 
and Humans and Found Symbiosis 

 Endogenous “fossil” retroviruses(6 to 14% of DNA of the genomes analyzed to date, 
including ~8% of human DNA): lower vertebrates(~300Ma)  reptiles (dinosaurs)  
marsupials  rodents primates and all mammals and other vertebrates: Permanently 
transmitted in germ cell genome; associated with resistance to other exogenous 
retroviruses, xenotropism, and placental development in mammals: e.g. endogenous 
betaretroviruses (enJSRVs) are present in the genome of sheep and goats. enJSRVs are 
highly related to Jaagsiekte sheep retrovirus (JSRV) and the Enzootic nasal tumour virus 
(ENTV), the causative agents of naturally occurring carcinomas of the respiratory tract of 
sheep. enJSRVs blocks the exogenous JSRV replication by a novel two-step interference 
mechanism acting both early and late during the virus replication cycle. M. Palmarini, M. 
Mura and T. E. Spencer, Journal of General Virology (2004), 85, 1–13; DOI 
10.1099/vir.0.19547-0;  the only retrovirus sequences that  have been added to the human 
genome since speciation are members of the human mouse mammary tumor virus-like 2 
(HML-2) group of the betaretrovirus-like human endogenous retrovirus K (HERV-K) 
elements. Some of these HML-2 integrants are polymorphic among human populations, 
and, based upon homology of the long terminal repeat (LTR) sequences, several proviruses 
appear to have been added to the genome less than 1 million years ago: William E. Diehl, 
Elizabeth Stansell, Shari M. Kaiser, Michael Emerman and Eric Hunter, Published Ahead of 
Print 17 September 2008, J. Virol. 2008, 82(22):11140. DOI: 10.1128/JVI.00269-08. 
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Other Rickettsiae Related to Viper Plague RLO That Have 
Followed Long Paths to Mammals and Humans and Recently 

Emerged 
   Spotted Fever Rickettsia and related microbes: insects 

(endoparasitoid wasps)  Wolbachia-like endosymbionts 
of ticks  multiple infection with RLO  intracellular 
horizontal transfer of genes by temperate phage leading to 
pathogenicity  reptiles  mammals  humans, e.g. 
Rickettsia honei , Flinders Island Spotted Fever, Australia, 
transmitted by 

 tick); the reptilian vertebrate hosts for the 
tick are tiger snakes (

and blue tongue lizards 
(

     Similar rickettsia found in ticks in South Texas: Tasmania 

Flinders 
Island 

Billings, A.N., X.-J. Yu, P.D. Teel, et al. 1998. Detection 
of a spotted fever group rickettsia in Amblyomma cajennense 
(Acari: Ixodidae) in south Texas. J. Med. Entomol. 35: 474–478 

Sanders, D. M., Parker. J. E., Walker, W.W. , Matt W. Buchholz, M. W., Keith Blount, K., Kiel, J. L.  Field Collection 
and Genetic Classification of Tick-Borne Rickettsiae and Rickettsiae-like Pathogens from South Texas: Coxiella 
burnetii isolated from field collected Amblyomma cajennense . Annals of the New York Academy of Sciences 
1149, 208-211 (2008) 1/29/2014 BioAnalysis Consulting LLC 



Primary Host 
(reservoir): R0(A) 

R0(C) 
Vector(s): 

R0(B) 

“Pathogenic Ecology”: 
Hunting for Attribution 

1/29/2014 

R0= reproduction rate of infectious agent(s) or if 
considered “disease”, then basic reproduction number  

Other secondary hosts: 
amplifying -> human 

“The perfect storm”, where emergence 
process switches from stochastic to 
deterministic (the infectious agent is 
given sufficient opportunity to adapt to 
new hosts, including humans) and 
inevitably emerges and is contagious 

= intersection of transmission directly or                = no transmission without 
vector  (e.g. Q Fever (Coxiella burnetii) and Tularemia (Francisellla tularensis)) 

 Agent Smith: “I'd like to share a revelation 
that I've had during my time here. It came 
to me when I tried to classify your species 
and I realized that you're not actually 
mammals. Every mammal on this planet 
instinctively develops a natural equilibrium 
with the surrounding environment but you 
humans do not. You move to an area and 
you multiply and multiply until every 
natural resource is consumed and the only 
way you can survive is to spread to another 
area. There is another organism on this 
planet that follows the same pattern. Do 
you know what it is? A virus. Human beings 
are a disease, a cancer of this planet. 
You're a plague and we are the cure. ”—
The Matrix, 1999 
 

The Human Outbreak: 

Pogo daily strip from Earth Day, 1971 

Origin of HIV-1 
(Cameroon, 
Republic of Congo, 
and DRC) 

Talapoin monkey range-source of 
the Macaque Type D RV in 
captivity; possible source of VPV 
Petr Ilyinskii, Muthiah Daniel, Nicholas Lerche and Ronald Desrosiers, Antibodies to 
type D retrovirus in talapoin monkeys, Journal of General Virology (1991), 72, 453-45 

Green: Distribution of 
Python sebae sebae, 
African Rock Python 

BioAnalysis Consulting LLC 

http://en.wikipedia.org/wiki/File:Pogo_-_Earth_Day_1971_poster.jpg
http://www.imdb.com/name/nm0915989/


The Case of Cryptococcus gattii 

1/29/2014 

Cryptococcus gattii is a close relative of  Cryptococcus neoformans,  
which is often implicated in  HIV/AIDS patients due to their impaired immunity 
 
C. gattii is more likely to strike  healthy individuals than is C. neoformans 
It is also more likely to progress from the  lungs to the brain (meningitis)  
than C. neoformans.  
  
The infection was once  considered endemic, occurring sporadically in the tropics and subtropics 
where  the fungus was known to grow on the eucalyptus trees 
 
In 1999, the range of this pathogen expanded to Vancouver Island, British Columbia, Canada 
 
Since 2004, over 50 cases of C. gattii infection have been documented in the Pacific Northwest of the 
United States 
 
Over 50 species of trees have been found as a source of C. gattii spores (including native species)  
  
In a recent study on Vancouver Island in Canada, it was isolated in high traffic areas in automobile 
wheels and footwear, and is common in woodchips used for landscaping 
 
Recently, there have been several reports of a more deadly strain which is a hybrid (from sexual 
reproduction) of C. neoformans and C. gattii  found in Europe and Canada 

BioAnalysis Consulting LLC 



Summary and Conclusions: The Bottom Line 
• "Once you eliminate the impossible, whatever remains, no matter how 

improbable, must be the truth.” Sir Arthur Conan Doyle in "A Scandal in Bohemia", 
spoken by the character Sherlock Holmes (and by Mr. Spock, “Undiscovered 
Country”, Star Trek) 
– That Bacillus anthracis is not immutable although it appears so based on 

sampling bias 
– That the reservoir of Bacillus anthracis between outbreaks is in plants which 

return it to the soil in hard times 
– That detecting Francisella tularensis does indicate the presence of a pathogen 

even though no one is sick 
– That a highly infectious agent can circumnavigate the globe and be present 

everywhere without us knowing it 
• And then “suddenly emerge” as highly pathogenic  

– That being an invasive species may precede appearance as an emerging 
pathogen by years, if not decades 

– That the difference between endemic and epidemic (enzootic and epizootic) is 
environment 

• Trust your intuition, if it appears to be “like” a known infectious disease then don’t 
disregard the pathogen just because you can’t find it or identify it with your known 
techniques for that pathogen, look for a different but related one 
 
 

1/29/2014 BioAnalysis Consulting LLC 
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