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Sir David Bruce (1855 – 1931)

 Army physician and 

microbiologist

 1887 – Isolated the cause 

of Malta Fever

 Goats milk implicated

 Micrococcus melitensis

 Brucella melitensis
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Bernard Bang (1848 – 1932)

• Physician and veterinarian

• 1885 – Isolated TB from 

milk w/o ‘udder infection’ 

• 1897 – Isolated Bacillus 

abortus from “contagious 

abortion” 

 Brucella abortus



Brucellosis

• Zoonotic disease found worldwide

• Gram negative coccobacilli
– Brucella abortus

– B. melitensis

– B. suis

– B. ovis

– B. canis

• B. abortus aka ‘contagious abortion’, 
‘Bang’s disease’, and ‘undulant fever’
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Bovine Brucellosis
• Ingestion is the primary 

route of infection

• Predilection for 

reproductive organs

• Present in aborted 

fetuses, placenta, fetal 

fluids and milk

• Abortion storms

• 30-80% cows abort



Brucellosis Eradication Program 

Timeline

1922

State 
programs

1934

State-Federal 
Cooperative 

Program

1941 

Strain 19 
vaccine

1947 

Uniform 
Methods and 

Rules



Brucellosis Eradication Program 

Timeline (cont)

1950’s Milk Ring 
Test (BRT),  

Congressional 
appropriations

1960’s

Market Cattle 
Testing (MCT)

NH – 1st Free state

1970’s Increased 
emphasis on MCT 

and calf-hood 
vaccination



Brucellosis Eradication Program 

Timeline (cont)

1996

RB51 vaccine

1998

Last affected 
dairy

2000 

No affected 
cattle herds

2017 

First confirmed 
human case of 

RB51 from 
milk
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Current Brucellosis Status
• Geographic disease – Greater Yellowstone Area (GYA)

– Wildlife reservoir in elk and bison

• 2018 – 1 newly affected herd/913,000 total herds

• No affected dairies since 1998 and no affected herds 

outside GYA since 2011 and counting…

• All 50 states considered free 



GYA Nidus
DSAs began -

2010

Enhanced 

surveillance 

in high risk 

areas

State-

managed, 

APHIS 

oversight

17 affected 

herds in the 3 

GYA states 

since 2010



Brucellosis Eradication Program

• Identify infected cattle/herds

– Surveillance

– Testing (e.g., BRT)

– Trace investigations

• Vaccination

- -+

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiRpZ3w7NraAhWsiOAKHXTcA08QjRx6BAgAEAU&url=https://www.researchgate.net/figure/Milk-Ring-Test-Milk-in-the-middle-tube-indicates_fig1_286692390&psig=AOvVaw0VUiarsjR9IlUn6LTGTyxO&ust=1524931988354849


Brucella

• B. abortus wild type 

– O antigen

– Smooth colonies

– Antibodies produced

– Serological tests detect

– Susceptible to Rifampin



Brucella abortus RB-51

• Attenuated, live virus vaccine strain

– developed by serial passage in media containing 

penicillin and rifampin and selecting rough colonies 

• Implemented in 1996; replaced Strain 19

• Stimulates cell-mediated immunity 

• Not recognized by routine serological tests

X
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Brucella abortus RB-51

• Administered at 4-12 months of age

• Tattooed with ‘R’ and last digit of year

• ~ 4 million calves vaccinated annually

• ~32% of dairy operations1

• ~42% of dairy cows1

• ~24% of beef operations2

• ~38% of beef cows2

1 NAHMS Dairy 2014
2 NAHMS Beef cow-calf 2007-8
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Brucella abortus RB-51

• Generally not pathogenic in cattle and 

other livestock

• Can cause persistent infection in cattle

• Pathogenic in humans

– Pregnant

– Immunocompromised
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Brucella

• B. abortus strain RB51 

– No O antigen 

– Undetectable with 

serologic tests

– Organism identification 

tests – Culture, PCR

– Resistant to Rifampin and 

Penicillin
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Investigation of Bovine Cases

TX



Human Case

July 26, 2017

• Pregnant woman

• Febrile 

• RB51 infection confirmed August 7, 2017

• Lived in Texas

• Consumed raw milk from K-Bar Dairy
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Texas Raw Milk Dairy: Regulations
Texas Department of State 
Health Services  (DSHS)

• Regulates milk and milk 

products

– Issues permits: “Grade A Raw for 

Retail” 

– Must sell direct to public, maintain 

records of sales

– Inspection by registered sanitarian 

twice yearly

– Requires bulk tank milk samples 

testing every 6 weeks for aflatoxin

and pathogens (Salmonella, 

Campylobacter)

– Requires annual brucellosis and 

TB herd test

Texas Animal Health 
Commission (TAHC)

• Regulates animal health 

and administers milk ring 

test required by DSHS 
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• K- Bar Dairy

– “Raw to Retail” licensed since October 2013

– Family owned and operated

– 43 Jersey cows, replacements both raised and 
purchased

– Most heifers vaccinated with RB51

– Last routine bulk milk test 5/25/2017 - 1 tube BRT 
positive, HIRT negative

Texas Raw Milk Dairy: History



• 7/27/2017

– Herd tested by private DVM 

• Negative on serological tests

• 8/10/2017

– Individual milk samples collected by TAHC

• Culture, PCR, BRT, ELISA 

• Culture yielded B. abortus strain RB51 in 2 cows

Texas Raw Milk Dairy: 

Investigation



• B. abortus strain RB51-positive cows

– Both born on dairy in 2014

– Both second lactation, recently fresh

– Both vaccinated as heifers with RB51

– Both Jersey breed

Texas Raw Milk Dairy: 

Investigation
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• Cow 120

– Calved August 2017, retagged, not on 

vaccination chart but presumed 

vaccinated with birth cohorts

• Cow 124

– Calved June 2017, vaccinated at 5 

months of age

Texas Raw Milk Dairy: 

Investigation



• 9/11/2017
– Cow 120 and 124 necropsied and tissues 

collected
• 120 – B. abortus strain RB51

– 3/20 tissue samples culture positive 

– Milk – 10 CFU/mL  

• 124 – B. abortus strain RB51 
– 15/20 tissue samples culture positive 

– Milk – 37,000 CFU/mL

– Whole genome sequencing was performed

Texas Raw Milk Dairy: 

Investigation



Whole Genome Sequencing
• Provides a method of comparing bacterial 

or viral strains

• Based on reference strain with nucleotides 

at specific locations

• Thymine, Cytosine, Adenine, and Guanine

• Single Nucleotide Polymorphism (SNP)

• Change in a nucleotide from reference 

strain or other known strains

• Displayed in a SNP Table
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reference position within the 

genome (9-941)
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reference nucleotide call A A C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0154_2308-Lab_Strain G G C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0159_2308-Lab_Strain G G T A G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

16-026999-2308-Lab_Strain G G C G A T A G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B-REF-RB51_Vaccine_Seed G G C G G G G T A A A C C G C G C C K R C K C T C C G C A C G A T C T C G G G M G A C G T C A C T S R M S Y G C C G G C G

B17-0771_Vaccine_Serial_TX_Dairy G G C G G G G T A A A C C K C K C M K R S K Y T C C G Y A C G R K M Y C G R G C G A C G T C A C T S R M S Y G C C G G C G

B14-0211_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0212_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0093_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0207_MT_Yak_Abortion G G C G G G G T A A A C C G C G C C K G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0224_ID_Cattle_Premature G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0575_Milk_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

B17-0761-BronchLN_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C G G C G

B17-0761-Uterus_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R C G T G C C G G C G

B17-0761-MamGland_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y C C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

16-026999-RB51_Lab_Strain G G C G G G G T A A A C A G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0210_MT_Cattle_Abortion G G C G G G G T A A A C C T C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0253_MT_Cattle_Abortion G G C G G G G T A A A C C G G G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0114_WY_Bison_Abortion G G C G G G G T A A A C C G C T C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0123_NE_Cattle_Abortion G G C G G G G T A A A C C G C G G C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0234_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C A G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0154_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0413_OR_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0100_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A G G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0254_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A C T C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

BA3001025735_TX_BulkTank G G C G G G G T A A A C C G C G C C G A C G T C T T G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkA_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T G T G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0566_Milk_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkB_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-PrescapLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A G T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-IliacLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A G C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-MandLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A G C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B13-0245_Veterinarian_NeedleStick G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T A C A G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0113_WY_Bison_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C A A T A G A C G T C A C T C G C G T G C C G G C G

BA3001232161_NJ_Human G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C A T T A C T C T C G G C G T G C C G G C G

B17-0243_CA_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A C G T G C C G G C G

B17-0255_KS_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A S Y G C C G G C G

16-026999-RB51_Lab_Strain G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C G G C G

B17-0759-MilkB_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C R C C G G C G

B17-0759-MilkA_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C A C C G G C G

B17-0759-Blood_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G T T G G C G

B17-0761-Kidney_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G T T G G C G

BA3001025736_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C G

BA3001025737_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C G

BA3001031163_TX_Human G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T A G

BA3001025738_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C A

Average mapping quality 59 59 60 51 60 60 60 59 59 59 59 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 59 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 59 60 60 60 59 60 60 60 60 60 60 60 60 60 60

Annotation call of the 

SNP position

flagellar b
asal b

o
d

y P
-rin

g b
io

syn
th

esis p
ro

tein
 FlgA

, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S1
1

1
2

5

A
B

C
 tran

sp
o

rter A
TP

-b
in

d
in

g p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

1
7

4
0

h
yp

o
th

etical p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

1
5

2
5

IS5
/IS1

1
8

2
 fam

ily tran
sp

o
sase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

3
6

3
5

N
o

 an
n

o
tated

 p
ro

d
u

ct

p
h

en
ylalan

in
e--tR

N
A

 ligase su
b

u
n

it b
eta, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

0
1

1
0

h
yp

o
th

etical p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

1
2

8
5

A
TP

-b
in

d
in

g p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

5
6

5
5

D
N

A
-d

irected
 R

N
A

 p
o

lym
erase su

b
u

n
it b

eta, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
6

0
1

5

h
em

o
lysin

 D
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

1
5

4
0

cap
su

lar p
o

lysacch
arid

e b
io

syn
th

esis p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

2
5

3
5

th
io

l:d
isu

lfid
e o

xid
o

red
u

ctase, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
3

1
1

0

N
o

 an
n

o
tated

 p
ro

d
u

ct

LacI fam
ily tran

scrip
tio

n
al regu

lato
r, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

2
7

2
0

p
yru

vate carb
o

xylase, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
8

5
0

5
glyo

xalase
/b

le
o

m
ycin

 re
sistan

ce
/e

xtrad
io

l d
io

xyge
n

ase
 fam

ily p
ro

te
in

, ge
n

e
: n

o
n

e
 list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

0
5

4
5

G
n

tR
 fam

ily tran
scrip

tio
n

al regu
lato

r, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S1
0

5
1

5

N
o

 an
n

o
tated

 p
ro

d
u

ct

N
o

 an
n

o
tated

 p
ro

d
u

ct

N
o

 an
n

o
tated

 p
ro

d
u

ct

3
-iso

p
ro

p
ylm

alate d
eh

yd
ro

gen
ase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

5
0

4
5

u
n

d
e

cap
re

n
yld

ip
h

o
sp

h
o

-m
u

ram
o

ylp
e

n
tap

e
p

tid
e

 b
e

ta-N
- ace

tylglu
co

sam
in

yltran
sfe

rase
, ge

n
e

: n
o

n
e

 list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
6

8
9

5

p
ep

tid
ase S4

1
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

8
7

5
0

m
em

b
ran

e p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

3
4

4
0

rib
o

n
u

clease, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
4

4
5

0

lactate d
eh

yd
ro

gen
ase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

6
7

9
5

h
yp

o
th

etical p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

0
5

6
5

o
xid

o
red

u
ctase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

1
9

2
0

rib
o

n
u

clease, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
4

4
5

0

2
-o

ctap
ren

yl-6
-m

eth
o

xyp
h

en
yl h

yd
ro

xylase, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S1
3

5
5

0

rib
o

n
u

clease, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
4

4
5

0

valin
e--tR

N
A

 ligase, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
4

6
0

5

D
N

A
 gyrase su

b
u

n
it B

, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
0

5
9

0

N
o

 an
n

o
tated

 p
ro

d
u

ct

ap
o

lip
o

p
ro

tein
 N

-acyltran
sferase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

0
2

6
5

u
racil-D

N
A

 glyco
sylase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

3
0

8
0

h
yb

rid
 sen

so
r h

istid
in

e kin
ase/resp

o
n

se regu
lato

r, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
1

6
6

0

h
yp

o
th

etical p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

4
7

4
0

N
o

 an
n

o
tated

 p
ro

d
u

ct

h
yp

o
th

etical p
ro

tein
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

7
2

5
0

p
o

tassiu
m

 tran
sp

o
rter K

u
p

, gen
e: trkD

, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
6

6
7

5

tran
scrip

tio
n

al rep
resso

r, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
7

9
5

5
LP

S exp
o

rt A
B

C
 tran

sp
o

rter p
erip

lasm
ic p

ro
tein

 Lp
tC

, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
0

7
3

5

alp
h

a/b
eta h

yd
ro

lase, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
4

5
2

0

tran
sp

o
rter, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

4
5

9
5

2
-d

eo
xy-D

-glu
co

n
ate 3

-d
eh

yd
ro

gen
ase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

1
6

2
0

exo
p

o
lyp

h
o

sp
h

atase, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S1
3

0
3

0

typ
e IV

 secretio
n

 system
 p

ro
tein

 virB
5

, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S1
0

7
0

5

typ
e IV

 secretio
n

 system
 p

ro
tein

 V
irB

4
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

0
7

1
0

N
o

 an
n

o
tated

 p
ro

d
u

ct

M
FS tran

sp
o

rter, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S1
4

6
3

0

LP
S exp

o
rt A

B
C

 tran
sp

o
rter p

erm
ease Lp

tG
, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

3
3

7
0

u
rease su

b
u

n
it gam

m
a, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S0

6
5

5
0

N
A

D
 syn

th
etase, gen

e: n
o

n
e list, lo

cu
s_

tag: B
R

U
A

B
_

R
S1

1
6

6
0

G
crA

 cell cycle regu
lato

r, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
1

5
7

5

G
crA

 cell cycle regu
lato

r, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
1

5
7

5

glu
co

se/galacto
se tran

sp
o

rter, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S1
1

2
8

0

R
N

A
 p

o
lym

erase sigm
a facto

r R
p

o
D

, gen
e: n

o
n

e list, lo
cu

s_
tag: B

R
U

A
B

_
R

S0
7

1
2

0

N
o

 an
n

o
tated

 p
ro

d
u

ct

N
o

 an
n

o
tated

 p
ro

d
u

ct

N
o

 an
n

o
tated

 p
ro

d
u

ct



reference position within the 

genome (9-941)

N
C

_
0

0
6

9
3

3
.1

|-
1

4
4

4
4

9

N
C

_
0

0
6

9
3

3
.1

|-
2

7
2

6
6

4

N
C

_
0

0
6

9
3

3
.1

|-
2

3
0

9
8

7

N
C

_
0

0
6

9
3

3
.1

|-
6

7
8

6
2

5

N
C

_
0

0
6

9
3

2
.1

|-
1

7
9

8
2

6
9

N
C

_
0

0
6

9
3

2
.1

|-
2

0
6

4
2

7
6

N
C

_
0

0
6

9
3

3
.1

|-
1

7
8

8
0

4

N
C

_
0

0
6

9
3

2
.1

|-
1

1
6

0
5

8
3

N
C

_
0

0
6

9
3

2
.1

|-
1

2
3

0
9

8
6

N
C

_
0

0
6

9
3

2
.1

|-
3

2
3

3
5

8

N
C

_
0

0
6

9
3

2
.1

|-
5

3
3

1
5

2

N
C

_
0

0
6

9
3

2
.1

|-
6

4
5

7
0

5

N
C

_
0

0
6

9
3

2
.1

|-
2

6
7

2
8

0

N
C

_
0

0
6

9
3

2
.1

|-
5

6
6

8
9

2

N
C

_
0

0
6

9
3

2
.1

|-
1

7
2

8
5

7
2

N
C

_
0

0
6

9
3

3
.1

|-
2

5
7

3
6

N
C

_
0

0
6

9
3

3
.1

|-
1

9
7

3
2

N
C

_
0

0
6

9
3

2
.1

|-
8

2
8

2
9

1

N
C

_
0

0
6

9
3

2
.1

|-
1

6
8

4
6

9
0

N
C

_
0

0
6

9
3

2
.1

|-
1

7
8

0
4

4
0

N
C

_
0

0
6

9
3

3
.1

|-
9

7
0

5
7

5

N
C

_
0

0
6

9
3

2
.1

|-
1

4
0

6
5

4
9

N
C

_
0

0
6

9
3

2
.1

|-
1

7
8

6
1

7
0

N
C

_
0

0
6

9
3

2
.1

|-
7

1
0

0
7

3

N
C

_
0

0
6

9
3

2
.1

|-
9

0
6

4
9

5

N
C

_
0

0
6

9
3

2
.1

|-
1

3
8

0
6

5
3

N
C

_
0

0
6

9
3

2
.1

|-
1

3
3

2
8

0

N
C

_
0

0
6

9
3

3
.1

|-
3

1
2

2
5

4

N
C

_
0

0
6

9
3

2
.1

|-
9

0
6

2
6

0

N
C

_
0

0
6

9
3

3
.1

|-
6

6
4

2
2

6

N
C

_
0

0
6

9
3

2
.1

|-
9

0
6

4
9

4

N
C

_
0

0
6

9
3

2
.1

|-
9

4
2

0
3

8

N
C

_
0

0
6

9
3

2
.1

|-
1

4
3

3
9

0

N
C

_
0

0
6

9
3

2
.1

|-
1

7
8

0
4

3
7

N
C

_
0

0
6

9
3

2
.1

|-
2

0
9

5
3

8
4

N
C

_
0

0
6

9
3

2
.1

|-
6

3
9

1
5

8

N
C

_
0

0
6

9
3

2
.1

|-
3

5
1

2
1

3

N
C

_
0

0
6

9
3

2
.1

|-
9

5
9

7
4

6

N
C

_
0

0
6

9
3

3
.1

|-
1

0
2

9
7

4
6

N
C

_
0

0
6

9
3

3
.1

|-
3

5
0

4
5

5

N
C

_
0

0
6

9
3

2
.1

|-
1

3
5

6
1

9
0

N
C

_
0

0
6

9
3

2
.1

|-
1

6
2

1
3

4
9

N
C

_
0

0
6

9
3

2
.1

|-
1

7
3

6
7

8

N
C

_
0

0
6

9
3

2
.1

|-
9

2
3

6
4

7

N
C

_
0

0
6

9
3

2
.1

|-
9

3
8

8
6

0

N
C

_
0

0
6

9
3

3
.1

|-
2

4
8

4
7

5

N
C

_
0

0
6

9
3

3
.1

|-
5

5
1

2
0

8

N
C

_
0

0
6

9
3

3
.1

|-
6

2
0

4
4

N
C

_
0

0
6

9
3

3
.1

|-
6

4
7

6
8

N
C

_
0

0
6

9
3

3
.1

|-
8

2
7

9
1

3

N
C

_
0

0
6

9
3

3
.1

|-
8

8
5

8
1

0

N
C

_
0

0
6

9
3

2
.1

|-
6

9
6

5
2

7

N
C

_
0

0
6

9
3

2
.1

|-
1

3
3

5
1

4
9

N
C

_
0

0
6

9
3

3
.1

|-
2

5
7

3
7

6

N
C

_
0

0
6

9
3

2
.1

|-
3

3
3

6
7

7

N
C

_
0

0
6

9
3

2
.1

|-
3

3
3

6
8

2

N
C

_
0

0
6

9
3

3
.1

|-
1

7
7

6
2

5

N
C

_
0

0
6

9
3

2
.1

|-
1

4
5

0
7

7
6

N
C

_
0

0
6

9
3

2
.1

|-
6

6
2

5
3

5

N
C

_
0

0
6

9
3

3
.1

|-
3

9
9

0
4

9

N
C

_
0

0
6

9
3

3
.1

|-
1

0
4

9
1

0
9

reference nucleotide call A A C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0154_2308-Lab_Strain G G C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0159_2308-Lab_Strain G G T A G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

16-026999-2308-Lab_Strain G G C G A T A G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B-REF-RB51_Vaccine_Seed G G C G G G G T A A A C C G C G C C K R C K C T C C G C A C G A T C T C G G G M G A C G T C A C T S R M S Y G C C G G C G

B17-0771_Vaccine_Serial_TX_Dairy G G C G G G G T A A A C C K C K C M K R S K Y T C C G Y A C G R K M Y C G R G C G A C G T C A C T S R M S Y G C C G G C G

B14-0211_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0212_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0093_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0207_MT_Yak_Abortion G G C G G G G T A A A C C G C G C C K G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0224_ID_Cattle_Premature G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0575_Milk_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

B17-0761-BronchLN_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C G G C G

B17-0761-Uterus_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R C G T G C C G G C G

B17-0761-MamGland_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y C C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

16-026999-RB51_Lab_Strain G G C G G G G T A A A C A G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0210_MT_Cattle_Abortion G G C G G G G T A A A C C T C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0253_MT_Cattle_Abortion G G C G G G G T A A A C C G G G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0114_WY_Bison_Abortion G G C G G G G T A A A C C G C T C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0123_NE_Cattle_Abortion G G C G G G G T A A A C C G C G G C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0234_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C A G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0154_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0413_OR_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0100_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A G G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0254_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A C T C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

BA3001025735_TX_BulkTank G G C G G G G T A A A C C G C G C C G A C G T C T T G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkA_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T G T G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0566_Milk_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkB_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-PrescapLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A G T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-IliacLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A G C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-MandLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A G C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B13-0245_Veterinarian_NeedleStick G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T A C A G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0113_WY_Bison_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C A A T A G A C G T C A C T C G C G T G C C G G C G

BA3001232161_NJ_Human G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C A T T A C T C T C G G C G T G C C G G C G

B17-0243_CA_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A C G T G C C G G C G

B17-0255_KS_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A S Y G C C G G C G

16-026999-RB51_Lab_Strain G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C G G C G

B17-0759-MilkB_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C R C C G G C G

B17-0759-MilkA_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C A C C G G C G

B17-0759-Blood_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G T T G G C G

B17-0761-Kidney_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G T T G G C G

BA3001025736_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C G

BA3001025737_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C G

BA3001031163_TX_Human G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T A G

BA3001025738_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C A

Average mapping quality 59 59 60 51 60 60 60 59 59 59 59 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 59 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 59 60 60 60 59 60 60 60 60 60 60 60 60 60 60
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B03-0154_2308-Lab_Strain G G C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0159_2308-Lab_Strain G G T A G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

16-026999-2308-Lab_Strain G G C G A T A G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B-REF-RB51_Vaccine_Seed G G C G G G G T A A A C C G C G C C K R C K C T C C G C A C G A T C T C G G G M G A C G T C A C T S R M S Y G C C G G C G
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reference nucleotide call A A C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0154_2308-Lab_Strain G G C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0159_2308-Lab_Strain G G T A G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

16-026999-2308-Lab_Strain G G C G A T A G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B-REF-RB51_Vaccine_Seed G G C G G G G T A A A C C G C G C C K R C K C T C C G C A C G A T C T C G G G M G A C G T C A C T S R M S Y G C C G G C G

B17-0771_Vaccine_Serial_TX_Dairy G G C G G G G T A A A C C K C K C M K R S K Y T C C G Y A C G R K M Y C G R G C G A C G T C A C T S R M S Y G C C G G C G

B14-0211_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0212_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0093_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0207_MT_Yak_Abortion G G C G G G G T A A A C C G C G C C K G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0224_ID_Cattle_Premature G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0575_Milk_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

B17-0761-BronchLN_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C G G C G

B17-0761-Uterus_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R C G T G C C G G C G

B17-0761-MamGland_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y C C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

16-026999-RB51_Lab_Strain G G C G G G G T A A A C A G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0210_MT_Cattle_Abortion G G C G G G G T A A A C C T C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0253_MT_Cattle_Abortion G G C G G G G T A A A C C G G G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0114_WY_Bison_Abortion G G C G G G G T A A A C C G C T C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0123_NE_Cattle_Abortion G G C G G G G T A A A C C G C G G C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0234_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C A G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0154_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0413_OR_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0100_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A G G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0254_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A C T C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

BA3001025735_TX_BulkTank G G C G G G G T A A A C C G C G C C G A C G T C T T G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkA_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T G T G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0566_Milk_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkB_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-PrescapLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A G T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-IliacLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A G C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-MandLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A G C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B13-0245_Veterinarian_NeedleStick G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T A C A G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0113_WY_Bison_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C A A T A G A C G T C A C T C G C G T G C C G G C G

BA3001232161_NJ_Human G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C A T T A C T C T C G G C G T G C C G G C G

B17-0243_CA_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A C G T G C C G G C G

B17-0255_KS_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A S Y G C C G G C G

16-026999-RB51_Lab_Strain G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C G G C G

B17-0759-MilkB_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C R C C G G C G

B17-0759-MilkA_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C A C C G G C G

B17-0759-Blood_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G T T G G C G

B17-0761-Kidney_TX_Cow_B G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G T T G G C G

BA3001025736_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C G

BA3001025737_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C G

BA3001031163_TX_Human G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T A G

BA3001025738_TX_BulkTank G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C A A C C G C C A T C A

Average mapping quality 59 59 60 51 60 60 60 59 59 59 59 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 59 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 59 60 60 60 59 60 60 60 60 60 60 60 60 60 60
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Cow 124

Cow 124

TX human and Bulk Tank Milk



• Dairy completed requirements of DSHS 
Control Order, including:

– Removal of Brucellosis reactors

– Sanitizing of equipment

– Individual milk testing of herd by culture and 

PCR with negative results

• Reapproved to sell milk in October 2017, under 
monthly bulk tank BRT and PCR testing by DSHS. 

• USDA/ APHIS/ VS is proposing additional testing 
plan of individual cows.

Texas Raw Milk Dairy: 

Current status





Investigation of Bovine Cases

NJ



Human Case

September 18, 2017

• Female

• Neck pain and headache of 3 days duration 

• RB51 infection confirmed October 23, 2017

• Lived in New Jersey

• Consumed raw milk from Udder Milk
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Investigation of Bovine Cases

NJ
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reference nucleotide call A A C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0154_2308-Lab_Strain G G C G G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B03-0159_2308-Lab_Strain G G T A G G G G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

16-026999-2308-Lab_Strain G G C G A T A G C C G A C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B-REF-RB51_Vaccine_Seed G G C G G G G T A A A C C G C G C C K R C K C T C C G C A C G A T C T C G G G M G A C G T C A C T S R M S Y G C C G G C G

B17-0771_Vaccine_Serial_TX_Dairy G G C G G G G T A A A C C K C K C M K R S K Y T C C G Y A C G R K M Y C G R G C G A C G T C A C T S R M S Y G C C G G C G

B14-0211_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0212_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0093_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0207_MT_Yak_Abortion G G C G G G G T A A A C C G C G C C K G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0224_ID_Cattle_Premature G G C G G G G T A A A C C G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0575_Milk_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

B17-0761-BronchLN_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C G G C G

B17-0761-Uterus_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y Y Y G C A C G A T C T C G G G C G A C G T C A C T C R C G T G C C G G C G

B17-0761-MamGland_TX_Cow_B G G C G G G G T A A A C C G C G C C G R C G Y Y C C G C A C G A T C T C G G G C G A C G T C A C T C R M S Y G C C R K C G

16-026999-RB51_Lab_Strain G G C G G G G T A A A C A G C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0210_MT_Cattle_Abortion G G C G G G G T A A A C C T C G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0253_MT_Cattle_Abortion G G C G G G G T A A A C C G G G C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0114_WY_Bison_Abortion G G C G G G G T A A A C C G C T C C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0123_NE_Cattle_Abortion G G C G G G G T A A A C C G C G G C G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0234_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C A G G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0154_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B15-0413_OR_Cattle_Abortion G G C G G G G T A A A C C G C G C C T G C G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B16-0100_TX_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A G G C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B14-0254_MT_Cattle_Abortion G G C G G G G T A A A C C G C G C C G A C T C T C C G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

BA3001025735_TX_BulkTank G G C G G G G T A A A C C G C G C C G A C G T C T T G C A C G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkA_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T G T G A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0566_Milk_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0758-MilkB_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A A T C T C G G G C G A C G T C A C T C G C G T G C C G G C G

B17-0760-PrescapLN_TX_Cow_A G G C G G G G T A A A C C G C G C C G G C G C T C C A T A C A G T C T C G G G C G A C G T C A C T C G C G T G C C G G C G
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Investigation of Bovine Cases

NY/PA
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Human Case

November 2018

• Child

• Febrile and respiratory signs

• Lived in New York

• Dog became ill and veterinarian convinced 
owners to report raw milk source

• Consumed raw milk from Miller’s Biodiversity 
Farm in PA
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Miller’s Biodiversity Farm

• Lancaster, PA

• Organic and raw milk

• 48 cattle, 46 Jersey and 2 Dutch Belted

• No infertility or abortions

• Did not brucellosis vaccinate calves

• Purchased 14 Jersey cattle since 2015

– Some had evidence of vaccination



Miller’s Biodiversity Farm

• Started testing 14 purchased cattle

• All were lactating

• Collected milk from individual quarters

• All cattle tested by culture and/or serology



Miller’s Biodiversity Farm

• “Felicity” #122 had RB51 detected in all 4 

quarters at high levels



Felicity – RF, RR

Felicity - LF
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Who has legal 

jurisdiction?

• FDA regulates dairy 

products

• CDC? USDA? 

• Local and state health 

departments





Human illness from non-pasteurized milk 
2007-2012
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Human illness from non-pasteurized milk 
2007-2012
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Current U.S. Strategies

• Enhanced Surveillance where the disease 
is endemic in wildlife

– Slaughter & On Farm

• Vaccinate populations at risk

– GYA cattle

• Quarantine affected herds and Test & 
Remove

• Pasteurization of milk products



New VS Guidance

• RB51 vaccine should only be used in 

populations at risk

• Milk products from animals that are 

vaccinated with RB51 should be 

pasteurized



Human to Cattle TB

Mycobacterium bovis
Mycobacterium tuberculosis
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http://www.raw-milk-facts.com/tuberculosis.html


North Dakota Dairy 2013

• Dairy worker infected and alerted to State by 
Public Health in October 2013

• Herd volunteered for testing in November 2013

– > 6 months of age tested
• 319 tested; 11 Caudal fold test (CFT) responders; 1 

comparative cervical test (CCT) suspect

• 1 CCT suspect - necropsy – mediastinal lymph node lesion –
POSITIVE

• 10 CFT responder – slaughter – 1 cow was PCR POSITVE

• WGS matched worker with some SNP changes suggesting 
cattle were more recently infected.



Texas dairy-cross heifer 2018

• Transported from NM at 1 day of age

• Regs required testing after 60 days in TX

• Raised at a heifer raising facility in TX 

• CFT responder and CCT reactor 
necropsy

– Mycobacterium tuberculosis

– Doesn’t normally occur in cattle, human 
exposure



Wisconsin Dairy – 2015-18

• Dairy worker infected and alerted to DATCP by 
DHS in April 2015
– Herd volunteered for testing in May 2015 

– ~1500 tested; 31 CFT responders, 1 CCT suspect
• CCT suspect – necropsy – NEGATIVE

– ~1500 tested in September 2015; 28 CFT 
responders, 0 CCT suspects

• Slaughter plant – 2018
– Lesion – POSITIVE

– Traced back to WI dairy, testing repeated
• ~2000 tested (>2 mo old): 48 CFT responders; 10 CCT S/R

• 7 CCT responders – slaughter - POSITIVE 

• Currently on Test and Remove Program 
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