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Abstract  Changes  were  made  to  the  original  formulation  of  the  EMJH  medium
(Ellinghausen---McCullough---Johnson---Harris)  enrichment  and  some  aspects  such  as  growth  time
of Leptospira  and  utilization  in  the  microscopic  agglutination  test  (MAT)  were  evaluated  and
compared  to  the  original  enrichment  and  to  a  commercially  available  enrichment  (DIFCOTM).
Leptospira  samples  (24  antigens)  that  make  up  our  panel  of  antigens  used  in  MAT  were  used,
among them,  reference  and  autochthonous  strains  isolated  in  Brazil.  The  samples  were  grown
individually  in  the  EMJH  medium  under  the  three  previously  mentioned  conditions  (adapted
enrichment,  original  enrichment  and  commercial  enrichment).  In  addition,  89  blood  serums
from domestic  and  wild  animals  were  analyzed  by  MAT  using  the  antigens  grown  in  these  media.
All samples  tested  grew  efficiently  with  the  adapted  enrichment,  and  the  MAT  results  were  satis-
factory. Therefore,  other  laboratories  could  also  benefit  from  the  use  of  this  adapted  enrichment
when culturing  the  Leptospira  strains  applied  in  their  MAT  panels.
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Abbreviations: EMJH, Ellinghausen---McCullough---Johnson---Harris; MAT, microscopic agglutination test; ELISA, enzyme-linked immunosor-
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Mejora  del  enriquecimiento  utilizado  en  el  medio
Ellinghausen-McCullough-Johnson-Harris  (EMJH)  para  el  cultivo  de  Leptospira  spp.

Resumen  Realizamos  cambios  en  la  formulación  original  del  enriquecimiento  del  medio
Ellinghausen-McCullough-Johnson-Harris  y  evaluamos  algunos  aspectos,  como  el  tiempo  de
crecimiento  de  Leptospira  y  la  utilización  en  la  prueba  de  aglutinación  microscópica  (MAT),
comparándolos  con  el  enriquecimiento  original  y  un  medio  de  enriquecimiento  comercialmente
disponible  (DIFCOTM).  Se  usaron  muestras  de  Leptospira  (24  antígenos)  que  componen  nuestro
panel de  antígenos  utilizados  en  la  MAT,  entre  ellos,  cepas  autóctonas  y  de  referencia  aisladas  en
Brasil. Las  muestras  se  cultivaron  individualmente  en  medio  Ellinghausen-McCullough-Johnson-
Harris en  las  tres  condiciones  mencionadas  (enriquecimiento  adaptado,  enriquecimiento
original y  enriquecimiento  comercial).  Adicionalmente,  89  sueros  de  sangre  de  animales  domés-
ticos y  salvajes  fueron  analizados  por  MAT  usando  los  antígenos  cultivados  en  estos  medios.
Todas las  muestras  analizadas  crecieron  eficientemente  con  el  enriquecimiento  adaptado  y  los
resultados de  la  MAT  fueron  satisfactorios.  Por  lo  tanto,  otros  laboratorios  también  podrían  ben-
eficiarse del  uso  de  este  enriquecimiento  adaptado  al  cultivar  las  cepas  de  Leptospira  aplicadas
en sus  paneles  MAT.
©  2021  Asociación  Argentina  de  Microbioloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Table  1  Formulas  of  the  tested  enrichments.

Ingredients  Volume/l

1  ---  Adapted  enrichment
Bovine  serum  albumin  (fraction  V)  10  g
Magnesium  chloride  0.15  mg
Calcium  chloride  0.15  mg
Zinc sulfate  0.04  mg
Copper  sulfate  0.003  mg
Manganese  sulfate  0.003  mg
Ferrous  sulfate  0.05  g
Sodium  pyruvate  0.1  g
Sodium  acetate  0.1  g
Cyanocobalamin  (Vitamin  B12)
Sodium  bicarbonate
Tween  80
Ultrapure  water

0.004  mg
0.05  g
1.2  ml
100  ml

2 -  Original  enrichment4

Bovine  serum  albumin  (fraction  V)  10  g
Magnesium  chloride  0.15  mg
Calcium  chloride  0.15  mg
Zinc sulfate  0.04  mg
Ferrous  sulfate  0.05  g
Sodium  pyruvate  1.0  mg
Glycerol  1.0  mg
Cyanocobalamin  (Vitamin  B12)  0.002  mg
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e
compounds  are  not  disclosed  by  the  manufacturer.  The
Leptospirosis  is  a  bacterial  disease  that  affects  several
pecies  of  animals  and  humans8.  This  neglected  zoonosis
as  worldwide  distribution;  nonetheless,  its  occurrence  in
eveloping  countries  is  higher,  especially  in  tropical  areas,
here  environmental  conditions  contribute  to  the  endemic

tatus  of  leptospirosis5.
The  microscopic  agglutination  test  (MAT)  is  the  reference

ssay  for  the  serological  diagnosis  of  leptospirosis,  detect-
ng  both  IgM-  and  IgG-class  antibodies11.  The  test  is  based  on
n  antigen---antibody  reaction  and  live  samples  of  Leptospira
pp.  (serovars)  are  used  as  antigens8;  for  this  purpose,  the
acteria  must  be  periodically  seeded  in  a  new  medium  for
aintenance  in  the  laboratory3.  Although  other  serological

utomated  or  more  modern  techniques  are  available,  such
s  ELISA  (enzyme-linked  immunosorbent  assay)  and  LFA  (lat-
ral  flow  assay)7,  MAT  is  still  the  most  widely  utilized  tool.

The  EMJH  medium  (Ellinghausen---McCullough---Johnson---
arris)  is  commonly  used  in  the  cultivation  of  leptospires

or  performing  MAT,  and  consists  of  a  base  supplemented
ith  an  enrichment  traditionally  composed  of  bovine  serum
lbumin  (fraction  V),  Tween  80,  chlorides,  sulfides  and  vita-
ins.  This  enrichment  can  also  be  purchased  commercially.
owever,  due  to  the  high  cost  of  using  this  commercial
nrichment  routinely,  many  laboratories  produce  their  own
nrichment  in  accordance  with  the  formulation  described
y  Faine4.  In  our  laboratory,  we  observed  that  some  Lep-
ospira  strains  did  neither  grow  nor  reach  the  ideal  density
or  use  in  MAT  (∼2  ×  108 leptospires/ml)  when  seeded  in  the
MJH  medium  with  the  enrichment  produced  by  us  using  this
ormula.  Thus,  the  purpose  of  this  work  was  to  adapt  the
riginal  composition  of  the  enrichment  to  provide  the  ade-
uate  growth  of  all  strains  used  as  antigens  in  our  laboratory
AT  panel.

The  enrichments  were  prepared  by  weighing  the  ingre-

ients  in  agreement  with  the  desired  volume,  hydrating
nd  sterilizing  by  filtration  in  a  PES  membrane  (polyether-
ulfone,  0.22  �m).  The  final  pH  of  the  enrichments  was

b
i
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Tween  80  1.2  ml
Ultrapure  water  100  ml

.4  ±  0.1.  The  enrichment  formulations  are  shown  in  Table  1,
xcept  for  the  commercial  enrichment  (DIFCOTM),  whose
ase  of  the  EMJH  medium  (DIFCOTM)  was  prepared  follow-
ng  the  manufacturer’s  instructions  and  divided  into  three
edia  according  to  the  enrichment  used:  1  ---  adapted
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Figure  1  Leptospira  interrogans  serovar  Autumnalis  grown  in  EMJH  with  adapted  enrichment  (A),  and  original  enrichment  (B),
after 4  days  of  incubation.  Red  arrow  indicates  cells  with  a  spirochete  shape.  Dark  field  microscopy  ---  20×.

Table  2  Evaluation  of  the  enrichments  in  relation  to  growth  time  and  MAT  results.

EMJH  supplemented  with  Time  (days)  to
reach  density  for
use  in  MATa

MAT

Screeningb Titrationc

Pos.  Neg.  100  200  400  800  1.600

1  ---  Adapted  enrichment  4---6  20  69  33  16  3  0  1
3 ---  Original  enrichment  (Faine,  1982)  5---8  NT  NT  NT  NT  NT  NT  NT
3 ---  Commercial  enrichment  (DIFCOTM)  3---5  21  68  35  15  3  0  1

NT: non-tested; Pos.: positive; Neg.: negative.
a ∼2 × 108 leptospires/ml.
b Any serum that reacted in the screening title (100) was considered positive.
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c Titers detected per sample reagents for one or more antigens.

nrichment;  2  ---  original  enrichment4;  3  ---  commercial
nrichment  (DIFCOTM).  This  base  was  sterilized  by  autoclav-
ng  at  15  psi  pressure  and  121 ◦C  for  15  min  and,  after  the
edium  reached  a  temperature  of  approximately  50---60 ◦C,

he  enrichments  were  added  in  the  proportion  of  10%  (v/v)
o  the  base  medium.

For  the  functional  test,  we  used  24  samples  of  Leptospira
pp.,  encompassing  reference  and  autochthonous  strains
solated  in  Brazil  (Supplementary  material  1)  which  com-
ose  our  MAT  panel  applied  in  the  diagnosis  of  leptospirosis
n  animals.

Initially,  a  first  passage  was  made  from  the  strains  stocked
n  Fletcher’s  semi-solid  medium.  Each  sample  was  seeded
ndividually  in  tubes  containing  the  EMJH  medium  supple-
ented  with  three  different  enrichments  and  incubated

n  a  bacteriological  incubator  at  28 ◦C  for  6---7  days  for  a
rst  adaptation  to  the  liquid  medium  (EMJH).  Consecutive
eekly  passages,  always  at  a  ratio  of  1/10  (v/v),  were  car-

ied  out  in  new  tubes  containing  the  EMJH  medium  with
he  distinct  enrichments  and  incubated  as  described  above.
hese  passages  were  followed  up  until  the  growth  of  all
he  strains  was  macroscopically  visible  (similar  to  white
moke).  Each  strain  was  individually  examined  through  dark
eld  microscopic  observation  for  cell  viability  (motility),

ontamination  and  auto-agglutination.  The  cell  density  was
etermined  by  counting,  using  a  Petroff-Hausser  chamber4.
ultures  should  ideally  reach  ∼2 ×  108 leptospires/ml  for

f
t
m

97
ubsequent  use  in  the  MAT4 and  the  number  of  days  for  this
o  occur  was  taken  into  account.

The  MAT  was  performed  according  to  Faine  et  al.3,  using
hree  panels  with  24  antigens,  each  grown  in  EMJH  with
he  respective  enrichments  tested.  Eighty  nine  (89)  blood
erums  from  domestic  and  wild  animals  were  randomly
elected  from  the  laboratory  serum  bank.  They  were  col-
ected  from  12  horses,  15  buffaloes,  13  bovines,  11  dogs,  9
heep,  15  pigs,  4  peccaries  (Tayassu  pecari),  4  crab-eating
oxes  (Cerdocyon  thous) and  6  ocelots  (Leopardus  pardalis).
he  results  obtained  with  the  three  MAT  panels  were  com-
ared  by  descriptive  statistics  using  frequency  measures.
urthermore,  we  sent  the  adapted  enrichment  to  be  tested
y  five  other  laboratories  that  study  leptospires  in  Brazil.

Using  dark  field  microscopy,  we  did  not  detect  any  conta-
ination  or  presence  of  auto-agglutination  in  all  media

sed,  and  cell  viability  (motility)  was  preserved  in  all  cul-
ures.  With  regard  to  the  growth  of  Leptospira  strains,
ll  of  them  grew  in  EMJH  with  the  adapted  and  commer-
ial  enrichment;  however,  only  20  samples  grew  in  EMJH
ith  the  original  enrichment  (Supplementary  material  2).

wo  reference  strains  (Autumnalis  and  Panama)  and  two
utochthonous  strains  (Guaricura  and  GR6)  did  not  grow.
his  was  one  of  the  reasons  that  motivated  the  change  in

ormulation  of  the  original  enrichment4, as  we  observed
hat  glycerol  appeared  to  be  toxic  for  these  samples,  since
icroscopically  the  leptospires  grown  in  this  medium  lost
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7. Koizumi N. Laboratory diagnosis of leptospirosis. In: Koizumi
N, Picardeau M, editors. Leptospira spp. Methods in molecular
biology. 1st edition New York: Humana; 2020. p. 277---87.
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heir  spirochete  shape,  assumed  a  coccoid  shape  (Fig.  1),
nd  died  within  days  (data  not  shown).  This  was  interest-
ng,  because  glycerol  was  reported  as  a  growth  requirement
or  pathogenic  Leptospira  and  used  to  decrease  generation
imes  for  serovars  Pomona  and  Canicola10.

Other  reagents  were  added  to  the  adapted  enrichment
ormulation  and  we  observed  that  antigens  reached  the
deal  density  for  use  in  MAT  faster  in  comparison  to  EMJH
ith  the  original  enrichment  (Table  1).  Moreover,  when  the
utochthonous  strains  were  seeded  in  the  medium  with  orig-
nal  enrichment  without  addition  of  glycerol,  poor  growth
ccurred,  and  they  did  not  reach  the  recommended  concen-
ration  for  use  in  MAT.  This  situation  was  resolved  the
oment  that  these  samples  were  seeded  in  EMJH  with

dapted  enrichment.
Metals,  minerals,  and  some  metal  traces,  such  as

anganese  and  copper  are  important  for  the  growth  of  lep-
ospires  and  can  be  related  to  bacterial  pathogenicity6.  An
ncrease  in  the  concentration  of  sodium  pyruvate  (0.1  g/l)
roved  to  be  useful  in  the  cultivation  of  fastidious  strains
f  leptospires  belonging  to  the  Sejroe  serogroup1,  in  which
he  serovar  Guaricura  is  inserted.  Other  reagents  such  as
yanocobalamin8,  sodium  acetate  and  sodium  bicarbonate2

ave  been  shown  to  be  essential  and  enhancers  in  the  culti-
ation  of  Leptospira  spp.

MAT  results  using  EMJH  with  the  adapted  and  commer-
ial  enrichments  were  similar  in  both  screening  and  titration
Table  2).  Due  to  the  fact  that  the  MAT  panel  was  not
omplete  using  EMJH  with  the  original  enrichment,  as  four
trains  did  not  grow,  the  technique  was  not  performed.  MAT
anels  can  vary  from  laboratory  to  laboratory,  as  the  inser-
ion  of  strains  representing  most  prevalent  serogroups  in  the
egion  is  recommended11,  with  the  consequent  increase  in
he  sensitivity  of  the  test  to  detect  leptospirosis-positive
amples9.

In this  work  we  did  not  aim  to  assess  the  costs  for  prepar-
ng  adapted  enrichment.  Nevertheless,  the  acquisition  of
ommercial  enrichment  (DIFCOTM ---  6  vials  ×  100  ml),  in  our
eality  (São  Paulo,  Brazil)  can  range  from  US$  800.00  to  US$
000.00,  while  the  cost  for  the  production  of  the  same  vol-
me  of  adapted  enrichment  (600  ml)  is  approximately  US$
00.00.  It  is  also  worth  emphasizing  that  although  the  prepa-
ation  of  enrichment  in  the  laboratory  is  laborious,  it  can
e  a  valuable  alternative  for  laboratories  at  this  time  of
nancial  crisis  in  many  countries,  including  Brazil.

Despite  the  fact  that  an  exact  shelf-life  has  not  yet  been
efined  after  preparation,  we  observed  in  our  routine  that
or  up  to  three  months  after  being  produced  and  stored
n  refrigeration,  the  enrichment  has  given  us  satisfactory
esults  (data  not  shown).

Finally,  all  five  laboratories  that  received  the  adapted
nrichment  approved  its  use  in  their  laboratories.  In  our  lab-
ratory  we  optimized  this  enrichment  for  more  than  a  year,
ntil  we  achieved  this  final  formula  that  gave  us  satisfactory
esults,  similar  to  the  ones  obtained  with  the  commer-
ial  enrichment.  Thus,  other  laboratories  that  manipulate
utochthonous  strains  different  from  the  reference  strains
ould  also  benefit  from  the  use  of  this  improved  enrichment

n  the  cultivation  of  the  antigens  applied  in  their  MAT  panels.
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