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Summary
What is already known about this topic?
The  genus Anaplasma  contains  seven  recognized
bacterial  species,  mainly transmitted by tick bites.  The
two  species,  A.  phagocytophilum  and  A.  capra,  are
known commonly to cause diseases in humans.
What is added by this report?
Anaplasma  bovis  was  initially  thought  to  be  only  an
animal agent until the first patient case was reported in
2019. This study investigated another two patients who
became  sick  within  one  month  in  the  same  township
and were infected with A. bovis in Anhui Province.
What  are  the  implications  for  public  health
practice?
This  study  suggested  that  more  A.  bovis-infected
patients  may  exist  in  this  area  and  that  patients  with
anaplasmosis require an early and specific diagnosis.

Surveillance  in  Jinzhai  County,  Lu’an  City,  Anhui
Province,  China  revealed  that  between  May  and  June
2021,  2  patients  developed  fever  and
thrombocytopenia  after  being  bitten  by  a  tick.  The
local  hospitals  and  CDC  could  not  determine  the
pathogen,  so  blood  specimens  were  sent  to  the
National Institute for Communicable Disease Control
and  Prevention  to  investigate  this  event.  Nested
polymerase  chain  reactions  (PCR)  and  indirect
immunofluorescence  assays  (IFAs)  identified
Anaplasma  bovis  as  the  pathogen  of  both  cases.  Gene
sequencing  suggested  that  a  tick,  Haemaphysalis
longicornis,  was  the  source  of  infection.  This  is  the
second  report  of  A.  bovis  infections  in  humans
worldwide.  Clinicians  and  public  health  physicians
should  be  more  attentive  to  these  diseases  and  learn
how to diagnose them as early as possible. 

INVESTIGATION AND RESULTS

In  2021,  2  patients  (Patient  A  and  Patient  B)

developed  intermittent  fever  as  an  initial  clinical
symptom  after  a  tick  bite.  Both  of  them  were
characterized  by  fever,  thrombocytopenia,  rash,
asthenia,  anorexia,  myalgia,  chill,  diarrhea,  and
headache,  which  were  not  resolved  by  common
antibiotics.  In  a  local  hospital,  these  patients  were
clinically diagnosed with endemic typhus.

On  May  10,  2021,  a  67-year-old  man  (Patient  A)
developed  a  fever  with  chills,  asthenia,  anorexia,  and
myalgia  after  being  bitten  by  a  tick  in  a  mountainous
area.  Even  with  routine  anti-infection  treatments,  his
body  was  covered  with  a  rash  3  days  later.  He  was
brought  to  the  Department  of  Infectious  Disease  of
Jinzhai  County  People’s  Hospital  (JCPH;  Lu’an  City,
Anhui  Province,  China)  on  May  17,  2021,  with
persistent  intermittent  fever  and  rashes.  Based  on  his
medical  history  and  epidemiological  and  clinical
manifestations,  he  was  admitted  to  JCPH  with
clinically  diagnosed  typhus.  Blood  tests  revealed
eosinophilic  granulocytes  of  0.00  ×  109/L,
thrombocytes  of  87 × 109/L,  alanine aminotransferase
of  117.07  U/L,  and  aspartate  transaminase  of
104.13  U/L.  After  treatment  with  azithromycin  for
7 days, his clinical symptoms disappeared.

On  June  5,  2021,  a  57-year-old  man  (Patient  B)
developed  a  fever  reaching  39  °C  accompanied  by
headache,  asthenia,  anorexia,  myalgia,  and  occasional
diarrhea after working in a field. He was brought to the
Department of Infectious Disease of JCPH on June 8,
2021,  with  progressive  exacerbation  of  his  symptoms.
He  was  admitted  to  JCPH  with  “fever  of
undetermined  origin,”  and  his  general  status  upon
hospital  admission  was  poor.  Blood  tests  revealed
leukocytes  of  3.94 × 109/L and thrombocytes  of  95 ×
109/L.  After  treatment  with  azithromycin  for  7  days,
his  clinical  symptoms  disappeared,  and  his  general
status improved greatly.

The  blood  specimens  collected  from  these  two
patients  were  sent  to  determine the pathogen through
nested  PCR  and  IFA.  DNA  was  extracted  with  the
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QIAamp  DNeasy  Blood  &  Tissue  Kit  (Qiagen,
Hilden, Germany), and several human pathogens were
tested  using  nested  PCR  targeting  the  16S  ribosomal
RNA  (rrs)  gene.  Specific  immunoglobulin  IgG  and
IgM antibodies against spotted fever group and related
rickettsia  (Rickettsia  typhi,  Orientia  tsutsugamushi,  A.
phagocytophilum,  Ehrlichia  chaffeensis,  and  A.  bovis  in
sera)  were  detected  by  IFA  (Fuller  Laboratories,
Fullerton, CA, USA). The A. bovis substrate slides were
developed  by  our  department.  According  to  the
manufacturer’s instructions, an IgG titer of ≥1∶64 and
IgM titer of ≥1∶20 denoted a positive result.

To investigate  the presence of  infections in relevant
ticks,  we  collected  parasitic  and  free-living  ticks  from
the  regions  where  the  two  patients  lived  and  worked.
All  ticks  were  identified  morphologically  by  an
entomologist  based  on  differences  in  their  bodies  and
basis capituli. All tick DNA was extracted individually.
We  tested  for  the  presence  of  Rickettsiales  bacteria
using  a  nested  or  semi-nested  PCR  targeting  the  rrs,
citrate synthase (gltA),  and 60-kDa heat shock protein
(groEL)  genes  as  described  previously  (Supplementary
Table S1,  available  in  http://weekly.chinacdc.cn/)(1).
Phylogenetic  trees  of  the  data  were  created  using  the
Maximum Likelihood (ML) method by employing the
GTR+Γ+I  model  of  substitution,  as  implemented  in
PhyML  (version  3.0)  http://www.atgc-montpellier.
fr/phyml/ (2).

The  rrs  gene  was  amplified  from  Patient  A  using  a
PCR assay,  while  it  was  not  detected  from Patient  B.
Using  BLASTN  with  a  nucleotide  collection,  genetic
analysis  of  the  recovered  rrs  sequence  revealed  that  it
was  most  closely  related  to  that  of  the A.  bovis  isolate

Zhouzhi-cattle-10 (GenBank: MH255937.1, 99.75%),
and we named it “A. bovis strain JZPA.” The IgM titer
against A.  bovis of  these  2  patients  was  1∶80,  whereas
the  IgG  titer  of  Patient  A  was  1∶256,  and  that  of
Patient B was 1∶1,024 (Figure 1). Therefore, PCR and
IFA  indicated  that  both  patients  had  been  infected
with A. bovis.

To  investigate  the  source  of  this  pathogen,  we
carried out an investigation into the vectors present in
the areas where the two patients lived and worked. We
collected 270 tick samples, which were tested for the A.
bovis strain JZPA. The rrs, gltA,  and groEL genes were
detected  in  63  samples,  and  the  positive  rate  in  ticks
was  23.3%.  Each  of  the  63  samples  contained  all  the
three  genes.  In  the  rrs  tree  (Figure 2),  sequences  from
Patient  A’s  sample  (A.  bovis  strain  JZPA)  and
sequences of the tick (A. bovis strain JZT018) clustered
together  and  formed  a  distinct  lineage.  There  was
100%  similarity  of  the  rrs  gene  sequences  for  the
patient  and  the  tick  (H.  longicornis).  In  the  gltA  and
groEL  trees  (Supplementary Figure S1,  available  in
http://weekly.chinacdc.cn/),  the  amplified  tick
sequences  also  clustered  with A.  bovis,  and  they  were
closely related to sequences from other A. bovis strains.
These  results  suggested  that A.  bovis  was  prevalent  in
ticks within certain areas of Lu’an City and that these
pathogens may infect humans to cause fevers and other
symptoms (Table 1). 

DISCUSSION

Rickettsiales  are  obligate  intracellular  microbes
responsible  for  a  wide  range  of  important  human
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FIGURE 1. Photomicrographs of an IFA test with Anaplasma bovis  infected patients’ sera. (A) IFA of patient sera; (B) The
IFA assays tested with negative control.
Note: Green fluorescence shows the positive cells for A. bovis bacteria, and red fluorescence shows the host cells.
Abbreviation: IFA=immunofluorescence assay.
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diseases,  including  anaplasmosis,  ehrlichiosis,
rickettsioses,  and scrub typhus.  Rickettsial  diseases  are
not being effectively controlled worldwide (3).  Several
Anaplasma  species,  such  as  A.  phagocytophilum,  A.
capra,  and  A.  bovis,  are  considered  human  pathogens
(1,4–5).  Incidences  of  human  granulocytic
anaplasmosis have increased steadily since its discovery
in  the  1990s  (4).  A  second Anaplasma  spp., A.  capra,
was determined to be a human pathogen in 2015 (5).
In  Jiangxi  Province  in  2017,  a  patient  reportedly
became  infected  with  A.  bovis,  which  was  previously
considered  to  be  a  bovine-specific  pathogen  (1).  In
recent decades, novel pathogens have been increasingly
identified  due  to  the  application  of  molecular
diagnostic  methods  (6).  Furthermore,  numerous
bacteria previously considered non-pathogenic are now
commonly associated with human diseases (7). Because
commonly  administered  antibiotics  are  ineffective  for
anaplasmosis,  early  diagnosis  is  important.  If  the
identity  of  the  pathogens  is  not  promptly  and
accurately  determined,  these  diseases  may  become

severe and lead to death.
Both  patients  lived  in  the  same  township  close  to

Jinzhai County, and neither had a history of traveling.
We defined A. bovis as the cause of the illness based on
PCR,  IFA,  and  tick  investigations.  Unfortunately,  the
pathogens of A. bovis were isolated from ticks, but not
from  patients.  This  is  the  second  report  of  A.  bovis-
infected  humans  worldwide,  with  the  first  being
reported  by  Lu  et  al.  in  Jiangxi  Province,  China  (1).
Although  the  clinical  symptoms  were  atypical,
clinicians should pay attention to patients experiencing
intermittent  fever  as  an  initial  clinical  symptom  and
thrombocytopenia  after  a  tick  bite  or  exposure  to
wildlife.  Patients  exhibiting  these  features  should  be
considered to potentially have A. bovis infection.

Currently,  the  genus Anaplasma  contains  seven
recognized  bacterial  species  (6),  most  of  which  are
known  to  be  animal-specific  pathogens;  for  example,
A.  marginale,  A.  centrale,  and A.  ovis  are  specific  to
ruminants;  A.  platys  is  a  causative  agent  of  infectious
cyclic  thrombocytopenia  in  dogs  and  cats  (6);  and A.
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FIGURE 2. Phylogenetic relationship of Anaplasma species based on rrs sequences.
Note: All trees were mid-point rooted for clarity only. Bootstrap values (>70%) were shown for appropriate nodes. Scale bar
represents  number  of  nucleotide  substitutions  per  site.  The  sequence  obtained  from Patient  A  is  marked  in  red,  and  the
sequence obtained from ticks is marked in blue.
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bovis was thought to only infect bovine to cause bovine
ehrlichiosis,  which  frequently  occurs  in  Africa  and
Asia,  until  the  first  case  was  reported  in  humans.
Animals  infected  with  A.  bovis  are  characterized  by
fluctuating  fever,  lymphadenopathy,  depression,  and
occasionally  death.  When  humans  are  infected  with
these  pathogens,  they  display  fever,  rash,  asthenia,
anorexia,  rigor,  headache,  myalgia,  eschar,  and
lymphadenopathy.

A novel tick-borne bunyavirus was first discovered in
Hubei  and Henan provinces  in  2009 (8),  and human
granulocytic anaplasmosis was reported in these regions
(9).  Bunyavirus  and human granulocytic  anaplasmosis
infections  can  elicit  similar  symptoms,  so
distinguishing  between  them  by  using  clinical
manifestations  can  be  difficult.  For  these  patients,  we
used  PCR and IFA to  exclude  the  diagnoses  of  severe

fever  with  thrombocytopenia  syndrome  and  infection
with  other  types  of  bacteria  of  the  order  Rickettsiales,
and the results showed that both patients were infected
with A. bovis.

We  screened  13  patients  with  Rickettsiae  and
Anaplasma  infection  symptoms,  and  only  2  patients
were  determined  with  A.  bovis  infection.  Although
surveillance  found  only  two  patients  in  this  study,
these  patients  became  sick  within  one  month  of  each
other and lived in the same township. The close timing
of  their  illness,  their  adjacent  place  of  residence,  and
the  high prevalence  rate  of A.  bovis  in  ticks  near  their
work  and  living  places  suggest  that  more  A.  bovis-
infected patients may exist in this area.

Human  infections  with  several  types  of  tick-borne
pathogens  in  mainland  China  have  been  documented
in  recent  years,  and  they  are  an  increasing  threat  to
public health (10). Missed diagnoses and misdiagnoses
can  lead  to  poor  outcomes  or  even  death,  so  an  early
and  specific  diagnosis  is  important.  The
recommendations  from  this  case  study  are  the
following:  1)  a  rapid  detection  method  for  diagnosis
(e.g.,  nested  PCR  or  real-time  PCR)  should  be
established;  2)  the  high  prevalence  rate  of A.  bovis  in
ticks  suggests  that  potential  outbreaks  may  occur  in
this  region,  and  more  investigations  should  be
conducted  in  arthropods  and  wild  animals  in  these
areas;  and  3)  people  should  be  educated  on  how  to
protect themselves against tick bites, especially those in
susceptible populations (e.g., farm workers). 
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TABLE 1. Clinical manifestations and laboratory findings of
two  patients  infected  with  Anaplasma  bovis  in  Jinzhai
County, Anhui Province, China, 2021.

Item Patient A Patient B

Clinical characterization

Fever + +

Rash + −

Asthenia + +

Anorexia + +

Myalgia + +

Chill + −

Headache − +

Dizziness − −

Nausea − −

Lymphadenopathy − −

Vomiting − −

Diarrhea − +

Eschar − −

Cough − −

Arthralgia − −

Laboratory findings*

White blood cell count 6.41×109/L 3.94×109/L

Platelet count 87×109/L 95×109/L

CRP 62.75 mg/L 4.93 mg/L

ALT 117.07 U/L 14 U/L

AST 104.13 U/L 24 U/L

*Normal  ranges:  white–cell  count:  4.0–10.0  ×  109  /L,  platelet
count: 100–300 × 109  /L, CRP 0–8 mg/L, ALT: 0–40 U/L, AST:
5–40 U/L.
Abbreviations: CRP=C-reaction protein; ALT=alanine aminotrans-
ferase; AST=glutamic oxaloacetic acid transferase.

China CDC Weekly

252 CCDC Weekly / Vol. 4 / No. 12 Chinese Center for Disease Control and Prevention

https://doi.org/10.46234/ccdcw2022.053
https://doi.org/10.46234/ccdcw2022.053


REFERENCES

 Lu M, Li F, Liao Y, Shen JJ, Xu JM, Chen YZ, et al. Epidemiology and
diversity of rickettsiales bacteria in humans and animals in Jiangsu and
Jiangxi  provinces,  China.  Sci  Rep  2019;9(1):13176.  http://dx.doi.org/
10.1038/s41598-019-49059-3.

1.

 Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W, Gascuel
O.  New  algorithms  and  methods  to  estimate  maximum-likelihood
phylogenies:  assessing  the  performance  of  PhyML  3.  0.  Syst  Biol
2010;59(3):307 − 21. http://dx.doi.org/10.1093/sysbio/syq010.

2.

 Parola P, Paddock CD, Socolovschi C, Labruna MB, Mediannikov O,
Kernif T, et al. Update on tick-borne rickettsioses around the world: a
geographic approach. Clin Microbiol Rev 2013;26(4):657 − 702. http:/
/dx.doi.org/10.1128/CMR.00032-13.

3.

 Chen  SM,  Dumler  JS,  Bakken  JS,  Walker  DH.  Identification  of  a
granulocytotropic  Ehrlichia  species  as  the  etiologic  agent  of  human
disease.  J  Clin  Microbiol  1994;32(3):589 − 95.  http://dx.doi.org/10.
1128/jcm.32.3.589-595.1994.

4.

 Li  H,  Zheng  YC,  Ma  L,  Jia  N,  Jiang  BG,  Jiang  RR,  et  al.  Human
infection  with  a  novel  tick-borne  Anaplasma  species  in  China:  a

5.

surveillance  study.  Lancet  Infect  Dis  2015;15(6):663 − 70.  http://dx.
doi.org/10.1016/S1473-3099(15)70051-4.
 Rar  V,  Golovljova  I.  Anaplasma,  Ehrlichia,  and  "Candidatus
Neoehrlichia"  bacteria:  pathogenicity,  biodiversity,  and  molecular
genetic  characteristics,  a  review.  Infect  Genet  Evol  2011;11(8):1842 −
61. http://dx.doi.org/10.1016/j.meegid.2011.09.019.

6.

 Jia  N,  Jiang  JF,  Huo  QB,  Jiang  BG,  Cao  WC.  Rickettsia  sibirica
subspecies  sibirica  BJ-90  as  a  cause  of  human  disease. N  Engl  J  Med
2013;369(12):1176 − 8. http://dx.doi.org/10.1056/NEJMc1303625.

7.

 Zhang  YZ,  Zhou  DJ,  Xiong  Y,  Chen  XP,  He  YW,  Sun  QZ,  et  al.
Hemorrhagic  fever  caused  by  a  novel  tick-borne  Bunyavirus  in
Huaiyangshan,  China.  Chin  J  Epidemiol  2011;32(3):209-20.
https://pubmed.ncbi.nlm.nih.gov/21457654/.

8.

 Zhang  LJ,  Liu  Y,  Ni  DX,  Li  Q,  Yu  YL,  Yu  XJ,  et  al.  Nosocomial
transmission  of  human  granulocytic  anaplasmosis  in  China.  JAMA
2008;300(19):2263 − 70. http://dx.doi.org/10.1001/jama.2008.626.

9.

 Fang  LQ,  Liu  K,  Li  XL,  Liang  S,  Yang  Y,  Yao  HW,  et  al.  Emerging
tick-borne  infections  in  mainland  China:  an  increasing  public  health
threat. Lancet  Infect  Dis 2015;15(12):1467 − 79. http://dx.doi.org/10.
1016/S1473-3099(15)00177-2.

10.

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 4 / No. 12 253

https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1038/s41598-019-49059-3
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/CMR.00032-13
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1128/jcm.32.3.589-595.1994
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/S1473-3099(15)70051-4
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1056/NEJMc1303625
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1001/jama.2008.626
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2
https://doi.org/10.1016/S1473-3099(15)00177-2


 Anaplasma bovis isolate Zhouzhi-cattle-10

 Anaplasma bovis isolate Lintong-cattle-15

 Anaplasma bovis isolate Wangmang-goat-62

 Anaplasma bovis isolate Zhengxiaocun-goat-47

 Anaplasma bovis isolate Dongda-goat-210

 Anaplasma bovis strain JZT018

 Anaplasma marginale Florida

 Anaplasma ovis S43

 Anaplasma centrale Israel

 Uncultured Anaplasma sp. clone JJS8a

 Anaplasma capra isolate tick 93/China/2013

 Candidatus Anaplasma boleense WHBMXZ-45

 Anaplasma phagocytophilum HGE1

 Anaplasma odocoilei UMUM76

 Anaplasma platys Okinawa

 Candidatus Neoehrlichia mikurensis strain SE20

100

97
100

100

89

100

100

0.1

 Uncultured Anaplasma sp. clone SY49

 Anaplasma bovis strain JZT018

 Anaplasma bovis isolate Dongda-goat-210

 Anaplasma bovis isolate Zhouzhi-cattle-10

 Anaplasma bovis strain WHHLHP-119

 Anaplasma bovis isolate Lintong-cattle-15

 Anaplasma centrale Israel

 Anaplasma marginale Florida

 Anaplasma ovis S43

 Uncultured Anaplasma sp. JJS8a

 Anaplasma capra isolate tick 93/China/2013

 Candidatus Anaplasma boleense WHBMXZ-45

 Anaplasma phagocytophilum HGE1

 Anaplasma odocoilei UMUM76

 Anaplasma platys Okinawa

 Candidatus Anaplasma camelii Camel 7

 Candidatus Neoehrlichia mikurensis strain SE20

100

93
72

82

91
92

98

100

90

100

0.1

A

B

SUPPLEMENTARY FIGURE S1. Phylogenetic relationship of Anaplasma species based on gene sequences of gltA (A) and
groEL (B).
Note: All trees were mid-point rooted for clarity only. Bootstrap values (>70%) were shown for appropriate nodes. The scale
bar  represented  number  of  nucleotide  substitutions  per  site.  The  sequence  obtained  from  ticks  was  marked  in  blue.
Abbreviation: PCR=polymerase chain reaction.
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SUPPLEMENTARY TABLE S1. The PCR primers used in this study.
Gene Name Primers (5'–3') Fragment size

rrs fd1 AGAGTTTGATCCTGGCTCAG 1,500 bp

rp2 ACGGCTACCTTGTRACGACTT

groEL bovis-groF1 GTATGCARTTTGATCGYGGAT 1,330 bp

bovis-groF2 GAAGTTGGAAGRGAYGGDGT

bovis-groR GCCTTWACAGCDGCAACTTG 1,300 bp

gltA bovis-gltA-F1 TACATCWACWGTAAGAATGG 1,100 bp

bovis-gltA-F2 ACWGTAAGAATGGTKGGCTC

bovis-gltA-R CCRGCAGTDCGTCCCAGTGC 1,057 bp

COI Ron GGAGCYCCWGATATAGCTTTCCC 488 bp

Nancy CCTGGTAAAATTAAAATATAAACTTC
Abbreviations: PCR=polymerase chain reaction; rrs=16S ribosomal RNA; groEL=60-kDa heat shock protein; gltA=citrate synthase;
COI=cytochrome-cytochrome oxidase.
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