World Organisation
for Animal Health

Presentation Title:Molecular
Diagnosis of Brucellosis

1 RER 7 T2 8

Country: China
Name of presenter: Dr. Junyi Hu

2nd WOAH Regional Training Workshop on

Brucellosis Diagnosis
Beijing, P.R. China, 26 - 29 May 2026




Brucellosis: A Global Challenge
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What is Brucellosis?
T4 2 ERER?

A zoonotic infectious disease
caused by bacteria of the genus
Brucella. Also known as
"undulant fever" or "Malta fever".
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Global Impact
==l

Endemic in many parts of the
world, especially in
Mediterranean countries, Middle
East, Central Asia, and parts of
Africa and Latin America.
Estimated 500,000 new human
cases annually.
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Significance
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A major cause of economic loss in
the livestock industry. Severe
chronic illness in humans if
untreated, affecting multiple

organs.
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Limitations of Conventional Diagnostic Methods
(ERISERTS iR BRTE

Bacterial Culture /4HEIZFE Serological Tests /Ii&5524& M

® Gold standard:Considered the definitive method. / e Widely Used:For screening (e.g., Rose Bengal, ELISA).

N A& 1 T [ TS Canpg4iikis, ELISA) .

e Time-consuming:Can take 3-10 days for results. / 7] ® Cross-reactivity:May react with other bacterial

e E3-10 R J Re i 45 . infections. / ] B85 HoAth 41 B J8 e e A2 A8 X v o

® Low Sensitivity:Difficult to isolate the fastidious e Window Period:Cannot detect early infection

Brucella bacteria. / ¥ PA2> Sk 50 1 A & EC T - before antibody production. / HTA 7= A= 77 o Aa )
R

e Hazardous:Requires BSL-3 containment due to high

infectivity. / [l fE ek, ZEBSL-34EM 22 4Bl ® Persistent Antibodies:Hard to distinguish active
infection vs. past exposure/vaccination. / ¥ LLIX 5315 5]
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Overview of Molecular Diagnostics
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Polymerase Chain Reaction (PCR) - The Cornerstone
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Application in Brucellosis
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Directly detects Brucella DNA from
clinical samples (blood, tissue, etc.)
at the molecular level, bypassing
the need for culture.
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Advantages / 1% /UM Z

High Sensitivity & Specificity:Detects tiny amounts of DNA accurately.
BREERGRYE: ERBEERRFATHENMERER YR, BERT
ZatalEERRBEY SR X RN RERH].

Rapid Results:Available within hours.
REHER: BRTHAREFRZEZLENERERS, PCREAZUNNINEIRTHE
MRS, HlaRKEEEE ST HEFI T ERETE,

Detects Non-Viable Bacteria:ldentifies dead pathogens missed by

culture.
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Overview of Molecular Diagnostics
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Conventional PCR
I 3F PCR

BCSP31-PCR ¢ Nested PCR ¢« AMOS PCR
e Bruce-Ladder PCR

— Loop-Mediated Isothermal
Amplification (LAMP)
WA FEEY HE (LAMP)

NI

= Real-time Quantitative PCR (qPCR)
SIS ¢ ' %€ FEPCR (qPCR)

Droplet Digital PCR (ddPCR)
Tl TU 2 ¥-PCR (ddPCR)




Conventional PCR

BCSP31-PCR

e Thebcsp31lgene-based PCR assay for genus-level detection
ofBrucellaspp.

e Forward Primer (B4):5'-TGG CTC GGT TGC CAA TAT CAA-3'

e Reverse Primer (B5):5'-CGC GCT TGC CTT TCA GGT CTG-3'

e Expected Amplicon Size:223 bp



Amplification results of BCSP31-PCR

Line 1~6: PCR products of
B. melitensis,
B. abortus, B. suis, B. ovis,

B. neotomae and B. canis.

M DL2000 DNA Ladder



Nested PCR: The Ultimate in Sensitivity
EHHPCR: 1RE R BRI TFE

Principle /[FIE
Two rounds of PCR with outer & nested primers amplify DNA fragments
sequentially, drastically boosting sensitivity & specificity.

(EFASMUS BRI WP T EeIESY 18, IRKIRTTREESEFE)

Clinical Value /IGFRIMME

|deal for diagnosing stage1 infections; identifying pathogens in samples with very
low bacterial loads where standard PCR may fail to detect the target DNA
effectively. (IFEEEISUT—HIRER; EinEPCRATBER, ZBERUEINERDNARIR(RAHE
HEFARPLEEHFRIR)



Nested PCR: The Ultimate in Sensitivity
EHHPCR: 1RE R BRI TFE

Advantages /#ZIUMIEEE

-Ultra-High Sensitivity:Detects trace amounts of DNA (B2#2I1/{k&=, BECQNREEDNA)
*High Specificity:Minimizes non-specific amplification (B3E(KIESFF Y BAVTI)
Rapid Turnaround:Results available in ~5 hours ({XZE£95/\aFEPAT iRIEH BG4S R)

Limitations /RIETE
«Contamination Risk:Tube-opening increases carry-over risk (FF&=EERIER 5 | KEANBEIRIZZX
SR

—

-Lack of Standardization:No universal guidelines limit clinical use (FR=BRfRENXTE, —%E

TEEBREIRARAET N FF)
«Complexity:More complex & labor-intensive than standard PCR (#{EL IR ERIPCRESZ:,

HFERI#5)



Nested PCR: The Ultimate in Sensitivity
HAPCR: RERBAIENTTE
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Nested PCR: The Ultimate in Sensitivity

BHI(PCR: RERBEIGNTTE

Expected PCR product size: 419 bp

Lane 1:Positive control (Positive)
Lane 2:Negative control (Negative)
Lane 3&4:Clinical samples (Positive)
Lane 5:Clinical sample (Negative)



AMOS-PCR: A Classic Tool for Species Identification
AMOS-PCR: &ZHATEFMHEIT

-~
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AMOS-PCR is a multiplex PCR assay for the specific insertion sequence I1S711 designed. The sequence exists in
different Brucella genomes with varying copy numbers and locations, resulting in characteristic banding
patterns after amplification.
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AMOS-PCR was the first species-specific multiplex PCR assay for the differentiation of Brucella, which was
described by Bricker & Halling (1994).



AMOS-PCR: A Classic Tool for Species Identification
AMOS-PCR: ZHEPEMHETE

MAdvantages/#% 0L E

e Efficient Typing: Identifies major Brucella species (cow, sheep, pig, and ovine epididymal species).
e Highly practical: Widely used in clinical diagnosis and epidemiological investigations.

/A\ Limitations/)5 R4
 Itis impossible to distinguish different biological forms of the same bacterial strain.

* Itis unable to quantify the bacterial load in the sample.



AMOS-PCR: A Classic Tool for Species Identification

AMOS-PCR: ZHpFEfHSEITH
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ensis bv

Expected PCR product size: I B 5
B. abortus(bv 1, 2 & 4):498 bp

B. melitensis(bv 1, 2, 3):731 bp 5
B. ovis:976 bp

B. suis(bv 1):285 bp s
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Bruce-Ladder PCR

Advantages of Bruce-Ladder PCR

« A multiplex PCR assay proposed for rapid and
simple one-step identification of Brucella,
simplifying the diagnostic workflow.

Can identify and differentiate most Brucella
species and key vaccine strains (519, RB51, Rev.1)
in a single experimental step, reducing time and
labor.

Possesses the capability to detect DNA from less
common species including B. neotomae, B.
pinnipedialis and B. ceti, expanding its
applicability.

Expected PCR Products

« Bruce-Ladder PCR generates a characteristic

banding pattern for different Brucella species
and biovar, which acts as a unique "visual
fingerprint" for each strain, enabling intuitive and
reliable identification.

This technique enables the differentiation of all
major Brucella species in a single, standardized
reaction, eliminating the need for multiple
sequential tests and thus accelerating the
diagnostic process.



Real-time Quantitative PCR (qPCR) - Quantification and

Real-time Monitoring
SERTSRIGEEZPCR (qPCR) - EE53ERT il
Specificity analysis

Armplification Plot Armplific ation Plot

H i i i H H ok - & 3 .
i 18] 2 (E [T 1 o 223 24 ] =i & [ i Wi LF 14 (£ L i) 23 2 2 ] £ E]

Cycla Cycle
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Amplification curve ofB. suis,B. melitensis,B. abortus, No amplification curve of common bacteria(Escherichia coli, Salmonella,
andB. canis(from left to right) Staphylococcus aureus, bovine tuberculosis, Yersinia enteron, etc)



Real-time Quantitative PCR (qPCR) - Quantification and Real-time Monitoring
SCATSRYEEEPCR (qPCR) - TEESLAT

Amplification Plot
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Taroet: BRU 15711 Slope: -3.456 Y-Inter: 37.17 n2. 0.995 Eff%: 94.604 o

This method was used to detect 6 bovine brucella nucleic
R? value=0.995,

acids in 10 fold serial dilutions (10'-10°), and the results
Amplification efficiency: 94.69%

showed that this method had good repeatability.




Loop-Mediated Isothermal Amplification (LAMP) - Rapid
Detection at Constant Temperature

IMTSFRTIE (LAMP) - Smscd FRIRERN

Core Mechanism
1z CMERBHLE

A

01 / Principle / JR 3

e Invented by Notomi in 2000.

e Amplifies DNA under isothermal conditions
(60-65°C), no thermal cycler.

e Uses 4 specially designed primers

recognizing 6 distinct sequences.
ENotomiF20005F&8. FEFRFM T(60-65°C)
IBDNA, FTEMMBEIMY. ERAMEIRRITHED, 1R
6N AEFF,

Key Benefits
a RIS

02 / Advantages / {IL /&

High Specificity & Sensitivity:Due to multiple primer
binding sites.

Rapid & Efficient:Results available within 1 hour.
Simple & Cost-Effective:No expensive equipment;
visual detection possible.

Suitable for POC Testing:Ideal for resource-limited
settings.
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Limitations of LAMP Technology

LAMP;

d
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Amplicon Length Limitation

The optimal amplicon size is between 30-200
bp, which can limit target selection.

18 R EISEIRS!

{18 HERA/NME30-200 bpZja], iXEJHERR
Hl B AIEEE,

Risk of Contamination

The high efficiency of LAMP makes it highly
susceptible to aerosol contamination, leading
to false positives.

SRR -
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PEMLEER,
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Detection of Non-specific Products

Difficult to distinguish between specific and
non-specific amplicons using simple visual
detection methods.

SR IEF
(ERIESRRYBEMARINTTE, FTREELAX oSt
ARSI 11D,

Primer Design Complexity

Designing the six-primer set can be more
complex and time-consuming compared to
PCR.

SI¥mgitSEa
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Droplet Digital PCR (ddPCR) - A New Dimension in

Absolute Quantification
HEETVEISEPCR (ddPCR) - 3 EESHFHEE

01 / Principle | [RIE

Core steps:Partition the PCR reaction mixture into thousands of independent droplets (sample partitioning),
with each droplet serving as an individual reaction chamber for single-molecule amplification.
Quantification method:By counting the number of positive and negative droplets, the initial concentration
is calculated based on the Poisson distribution principle, achieving absolute quantification without the need
for a standard curve.

* BOE R IGPCRR AR R S EIRAAT LA MRZARE (FADK) |, 8NREIE IR RNEHITRD 1 1.
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02 / Key Advantages |#%Z/ICMIEES

eUltra-high Sensitivity:Capable of detecting target molecules down to a single copy per sample.

eHigh Tolerance:Strong resistance to PCR inhibitors in complex sample matrices, providing robust anti-interference performance.
eHigh Performance:Achieves accurate absolute quantification without the need for standards, with excellent repeatability.

o BERERME: IIFEAPRERNMENRBE RS FHITEERN, SCEEFGN TR,

o SMIEH: MWEFFAERFRIPCRINFIMIEENEITTI, MTHEEIRE, BESHEAKE,

o HHERE: THRINERAIAIRESBHINENEESR, BXLWESHNIE, LUEREMEE.
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Limitations of ddPCR Technology

ddPCREARRY|

Longer Detection Time
SNBSS

The process of droplet generation and
reading adds to the overall time compared
to gPCR.
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Higher Cost

RS

The specialized equipment and consumables
for ddPCR can be more expensive.

ddPCRAFERHIE PR EHIEAHERI A
5575
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Lower Throughput

=3 (3

Less suitable for high-volume screening of
large numbers of samples

ARKEGNKEFANHTEEERRE
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Data Analysis Complexity
HIESIRESE

Requires specialized, complex software for
droplet analysis and precise quantification.
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Laboratory Biosafety

Multiple

High Risk Pathogen o High Bacterial Loads
Transmission Routes
Brucella is recognized as one of It can spread easily through Clinical specimens (e.g., blood,
the most frequent pathogens direct skin/mucous membrane tissues) for nucleic acid
causing laboratory-acquired contact, accidental ingestion, or extraction often harbor a large
infections (LAls), posing a inhalation of aerosols generated concentration of live Brucella
significant occupational hazard. during sample processing. bacteria.

Strict adherence to biosafety protocols is non-negotiable to protect personnel and the environment.




Biosafety requirements for brucella related
operations

Large number of live bacteria operation:BSL-3
Animal infection test:ABSL-3

Sample testing:BSL-2

Experiments with non-infectious materials:BSL-1
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