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Brucellosis  is  a  global  public  health  issue  that
severely affects human health, Brucella melitensis  is
currently the predominant species in China. Brucella
spondylitis  is  the  primary  cause  of  the  debilitating
and  disabling  complications[1].  The  lumbar  vertebra
was  the  most  commonly  affected  site,  followed  by
the  thoracic,  cervical,  thoracolumbar,  and
lumbosacral  segments,  and  back  pain,  fever,
sweating,  and  fatigue  were  the  most  common
symptoms[2].  However,  the  diagnosis  of  Brucella
spondylitis is challenging owing to its wide spectrum
of  clinical  presentations,  cross-reactions  with  other
bacteria,  and  low  strain  isolation  rate.  Therefore,  a
timely and accurate diagnosis of spinal brucellosis is
crucial  for  implementing  an  effective  therapeutic
plan  and  improving  treatment  outcomes.  Droplet
digital  polymerase  chain  reaction  (ddPCR)  is  widely
used for low-abundance nucleic acid detection and is
useful  for  diagnosing  infectious  diseases[3].
Therefore,  this  study  aimed  to  evaluate  the  ddPCR
approach  for  the  diagnosis  of  brucellosis  with
spondylitis to improve its clinical diagnostic capacity.

The  diagnosis  of  brucellosis  was  based  on  the
Diagnostic  Criteria  for  Human  Brucellosis  (WS269-
2019)  in  China[4].  Serological  tests/isolate  strains,
clinical  manifestations,  and  contact  history  were
used  to  identify  the  cases.  This  study  included  96
surgical  patients  with  Brucella  spondylitis,  all  of
whom had osteoarticular complications and a history
of  contact  with  livestock.  They  were  admitted  to
Ningxia Fourth People’s Hospital between December
2021  and  September  2022.  Fasting  peripheral
venous blood (5–10 mL) was collected for brucellosis
serological  testing,  and  96  connective  tissue  and
blood  samples  from  around  the  bone  tissue  were
collected  to  assess  the  diagnostic  value  of  ddPCR.
Thirty-two  serum  samples  were  collected  from
healthy  individuals  and  used  as  controls.  DNA  was
extracted from all samples using a QIAamp DNA Mini

Kit (Qiagen 51304, Hilden, Germany).
Primers  and  probes  were  designed  using  Primer

5.0  software  based  on  two  highly  conserved  genes,
bcsp31  gene  of  Brucella  spp.  (GenBank  accession
number  M20404)  and  IS711  gene  (GenBank
accession  number  NC_003317),  of  Brucella
melitensis  16M  (Supplementary  Table  S1).  The
ddPCR  amplification  system  and  parameters  were
based  on  a  previous  study[5],  and  the  ddPCR
amplification was performed with a volume of 20 μL.

Brucella  melitensis  vaccine  M5  (Lanzhou
Veterinary  Research  Institute,  Chinese  Academy  of
Agricultural  Sciences)  DNA  was  serially  diluted  ten-
fold (initial concentration of 2,875,000 copies/μL) to
assess  the  sensitivity  (limit  of  detection)  and
detection  efficiency  of  the  ddPCR.  The  initial
concentration of M5 DNA was determined using the
developed  ddPCR.  Whole  blood,  and  connective
tissue,  and  blood  from  the  area  surrounding  bone
tissue  samples  were  collected  from  96  spondylitis
brucellosis  cases  to  assess  the  diagnostic  efficiency
of the ddPCR assay.

The  course  for  21/96  patients  lasted  over  20
months  (chronic),  and  their  serology  results  were
negative  in  the  Rose  Bengal  plate  test  (RBPT)  and
Serum  Agglutination  Test  (SAT).  The  course  for  the
remaining 75/96 patients (positive in RBPT and SAT),
was  less  than  six  months,  and  they  were  classified
into  the  acute  group.  Additionally,  whole  blood
samples  were  categorized  into  two  subgroups:
ddPCR-I  (direct  ddPCR  analysis  of  whole  blood
samples)  and  ddPCR-II  (ddPCR  analysis  conducted
five  days  after  the  whole  blood  was  cultured  in  a
dual-phase  culture  flask  (bioMérieux,  France)).  The
connective tissue and blood around the bone tissue
were collected, ground,and used for DNA extraction,
which  was  then  directly  detected  by  ddPCR
[ddPCR(bt)]. All whole-blood samples were subjected
to Brucella culture following standard bacteriological

doi: 10.3967/bes2025.085
1.  Department  of  Laboratory,  the  Fourth  People’s  Hospital  of  Ningxia  Hui  Autonomous  region,  7500000,  Yinchuan,

China;  2.  National  Key  Laboratory  of  Intelligent  Tracking  and  Forecasting  for  Infectious  Diseases,  National  Institute  for
Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China

868 Biomed Environ Sci, 2025; 38(7): 868-871

https://doi.org/10.3967/bes2025.085


procedures.  Moreover,  32  healthy  participants  (SAT
negative) were included in a negative control group.
Data were analyzed using Microsoft Excel (Microsoft
Corp.,  Redmond,  WA,  USA).  Receiver  operating
characteristic  (ROC)  curve  analysis  was  performed
using  SPSS  statistics  software  (version  21.0;  IBM
Corp.,  Armonk,  NY,  USA)  to  evaluate  and  compare
the diagnostic efficiencies of the different methods.

Blood  culture  results  showed  that  18  patients
were  positive  and  67  were  negative  in  the  acute
stage  group;  in  the  chronic  stage  group,  only  three
were  positive  and  18  were  negative.  Although
Brucella  isolation  is  the  gold  standard  for  the
diagnosis of human brucellosis, the Brucella isolation
rate  is  low,  the  assays  are  time-consuming,  and
laboratory-acquired infection when isolating Brucella
poses  a  risk  that  requires  highly  skilled  personnel.
The  ddPCR  method  is  more  sensitive  than  the
conventional  PCR  method,  because  it  is  based  on
Poisson  statistics  and  is  highly  precise  for  nucleic
acid  quantitation  in  clinical  samples[6].  Furthermore,
the  analytical  stability  of  the  ddPCR  assay  showed
that  all  four  primer  sets  had  high  amplification
efficiencies  at  high  concentrate  titers
(Supplementary  Table  S2).  When  the  DNA  copy
number was low (i.e., four copies), primer P3 had the
highest  amplification  efficiency,  with  the  closest
copies,  and  P3  was  the  most  suitable  primer  for
constructing  the  ddPCR  approach  (Supplementary
Table  S2).  The  limit  of  detection  (LOD)  for  the  P3
primer  was  1.4  copies  per  reaction;  concentrations
below this limit were not detectable (Supplementary
Table  S3  and  Figure  1).  A  previous  study  reported
that the LOD for ddPCR was 1.87 copies per reaction

with high repeatability[5], while another reported 5.9
copies  per  reaction,  both  of  which  are  much  lower
than that of the quantitative PCR (qPCR; 54.9 copies
per  reaction)[7].  Another  study  reported  positivity
rates  of  88.5%  and  75.4%  in  whole  blood  samples
from  61  SAT-positive  patients  detected  by  ddPCR
and  qPCR,  respectively[5],  confirming  that  ddPCR  is
more  sensitive  than  qPCR.  These  data  suggest  that
ddPCR  is  more  sensitive  than  conventional  or  real-
time  (RT)-PCR  methods  and  could  be  a  useful
diagnostic supplement to reduce misdiagnosis.

In  the  acute  group,  75  confirmed  seropositive
SAT  samples  were  analyzed  using  ddPCR;  35
(46.67%),  59  (78.67%),  and  65  (86.67%)  samples
were  positive  in  the  ddPCR-I,  ddPCR-II,  and
ddPCR(bt)  groups,  respectively  (Supplementary
Table  S4).  In  the  chronic  group,  3  (14.29%),  3
(14.29%),  and 13  (61.90%)  samples  were  positive  in
the  ddPCR-I,  ddPCR-II,  and  ddPCR(bt)  groups,
respectively.  Our  study  showed  that  the  positive
detection  rates  of  connective  tissue  and  blood
around  the  bone  tissue  samples  were  higher  than
those of the other samples in the acute and chronic
groups.  Moreover,  the  diagnostic  performance  of
ddPCR  for  chronic  spinal  brucellosis  was  excellent;
61.90%  (13/21)  of  patients  tested  positive  using
ddPCR.  Since  the  disease  course  of  these  patients
was over 20 months, the antibody titer disappeared
or  was  below  the  detection  limit;  therefore,  these
patients  were  RBPT- and  SAT-negative.  In  the  acute
group,  the  detection  rate  in  the  connective  tissue
and blood around the bone tissue samples was also
higher  than  that  in  Brucella  culture  samples  and
whole  blood  samples,  which  was  almost  equal  to
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Figure 1. ddPCR detection efficiency based on the ten-fold dilution of DNA. displays the detection results
for four dilution titers including 10-1, 10-3, 10-6, and 5×10-7.
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that of SAT. These results demonstrate that ddPCR is
a  reliable  diagnostic  tool  for  detecting  spinal
brucellosis  and  can  provide  important  evidence  to
ensure  proper  treatment  and  minimize  health
damage. Li and colleagues demonstrated that ddPCR
used  for  the  detection  of  Brucella  suis,  is  able  to
differentiate  wild  strains  of  Brucella  from  the  S2
vaccine  strain,  with  a  LOD  of  10  copies/µL[8].
Furthermore, receiver operating characteristic (ROC)
curve  analysis  demonstrated  that  ddPCR(bt)  had
superior  detection  performance  compared  with
ddPCR-I  and ddPCR-II  (Figure 2),  with an area under
the  curve  of  0.906  (Table  1).  Brucella  spp.  are
facultative  intracellular  pathogenic  agents,  and  the
bacterial concentration in the blood of patients with
brucellosis is usually low and difficult to detect using
conventional PCR and other methods[9]. Since ddPCR
can  detect  low  quantities  of  circulating  DNA,  and
Brucella strains utilize the endoplasmic reticulum for

intracellular  replication  during  osteoarticular
localization  of  the  disease[10],  connective  tissue  and
blood  around  bone  tissue  samples  should  be  a
priority  sample  source  for  diagnosing  spinal
brucellosis.  Despite  these  promising  results,  caution
should be exercised when interpreting them because
the  results  are  prone  to  being  affected  by  multiple
factors  such  as  DNA quality,  reagents,  experimental
procedures,  and experimental  environment.  Further
studies  with  larger  sample  sizes  and  additional
analyses  are  required  to  confirm  the  value  of  this
technology in clinical settings.

In this study, we developed a ddPCR method for
detecting  Brucella  with  excellent  sensitivity  and
specificity.  The  limit  of  detection  was  1.4  copies.
These  findings  suggest  that  this  assay  could  be  a
useful  tool  for  diagnosing  and  managing  spinal
brucellosis,  ensuring  proper  treatment,  and
minimizing damage to patient health.
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Table 1. Receiver operating characteristic curve AUCs of ddPCR

Methods AUC Std. Error P-value 95% confidence interval Sensitivity Specificity Youden index

RBPT 0.891 0.028 0.000 0.836 0.945 0.781 1.000 0.781

SAT 0.880 0.029 0.000 0.823 0.937 0.760 1.000 0.760

BC 0.609 0.053 0.071 0.505 0.714 0.219 1.000 0.219

ddPCR-Ⅰ 0.823 0.036 0.000 0.753 0.893 0.646 1.000 0.646

ddPCR-Ⅱ 0.698 0.047 0.001 0.606 0.790 0.396 1.000 0.396

ddPCR(bt) 0.906 0.026 0.000 0.856 0.957 0.813 1.000 0.813

　　Note. AUC, area under the curve; BC, bacterial culture; ddPCR, droplet digital polymerase chain reaction;
ddPCR-I, direct ddPCR analysis of whole blood samples; ddPCR-II, ddPCR analysis after five days of whole blood
enrichment;  ddPCR(bt),  ddPCR  analysis  of  bone  tissue;  RBPT,  Rose  Bengal  plate  test;  SAT,  standard
agglutination test.
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