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The  Future  of  Microbiology

The  Future…
(can  machine  replace  
human  being?)



Why  do  we  see  changes  today?

• Traditional  microbiology  diagnostics  are  too  slow  
to  guide  empiric  therapy

• With  rapidly  rising  healthcare  expenses,  the  
need  for  accurate,  rapid  diagnostics  that  
improves  patient  care  is  critical

• Scientific  and  technical  advances  are  driving  
diagnostic  opportunities  never  before  imagined

• Delivery  of  healthcare  is  dramatically  changing  
with  consolidation  of  hospitals,  need  for  point-­of-­
care  diagnostics  etc.



Presentation  Objectives

To  discuss  
updates  in  

diagnostic  tests
To  review  the  
principles  of  
proper  collection  
of  handling  
specimens

To  highlight  
gaps  related  to  
pathogen  
detection  and  
diagnostic  tools



Use  of  ID  Diagnostic  Tests

• Detection  of  specific  pathogens,
• Discovery  of  new  pathogens  
• Determining  appropriate  therapy
• Monitoring  response  to  therapy
• Assessing  prognosis
• Infection  control
• Disease  surveillance



How often do you visit 
your laboratory?



Current  Diagnostic  Methods
Through  Time

1860s:
Culture-­based  Tests

1980s-­90s:
Antigen-­based  Tests
(serological  tests)

2000s:
Molecular  Test
Polymerase  Chain  
Reaction  (PCR)  Tests



Conventional  Method  Challenged  by  New  Technology  
(Automated  System)

Day  1 Day  2 Day  3-­4

Conventional  Culture

Automated  

incubation

bottle  +  signal

Isolated  colonies

Identification ⱡ

+  culture  /  
Pathogen  ID

+  culture  /  
Pathogen  ID

RSemi-­Automated  ID
API  (Analytical  Profile  Index)

ⱡ Conventional  ID
(tube  method)

Pathogen  identified  
after  16-­18  hours

Pathogen  identified  
after  24-­48-­72  hours  

identificationR

-­

-­



Today’s  Molecular  Diagnostics
Real-­Time  PCR  Detection  Systems

•Rapid  detection  and  identification  of  pathogens
•Do  not  provide  antibiotic  susceptibility  information,  
ongoing  development  on  genetic  determinants  of  
resistance  however,  extremely  complex
•Will  only  detect  a  subset  of  possible  pathogens  
hence
• Serve  as  an  adjunct    to  standard  of  care



GeneXpert

• Xpert MTB/Rif test is recommended than conventional
microscopy and culture as initial diagnostic test in children
suspected of having MDR TB or HIV-­associated TB (WHO
Guidance for national TB program in children 2013)

• Xpert MTB/Rif test may be used rather than conventional
microscopy and culture as the initial test in all children
suspected of having TB (WHO Guidance for national TB program in children 2013)

• Can be used for testing of non-­respiratory specimens
CSF, lymph nodes and other tissues from children
suspected of having extrapulmonary TB

Today’s  Molecular  Diagnostics



26  Xpert MTB/Rif  test  sites  established  
and  functional  in  the  country

• Provide  results  from  unprocessed  sputum  
samples  in  less  than  2  hours

• Cost  effective  in  high  and  even  low  
prevalence  populations

• A  one  negative  result  is  equivalent  to  3  
negative  smears





Molecular  Diagnosis  of  
Respiratory  Tract  Infections

• Fast  replacing  traditional  tissue  culture  
methods  and  serology  in  rapid  identification  
of  respiratory  viruses  (for  many)  and  some  
bacteria

• Do  not  discriminate  between  infection  and  
colonization

• Valuable  test  in  immunocompromised host  
e.g.  Rhinovirus  infection  or  just  persistent  
shedding?  

• Rapid  detection  properly  direct  antiviral  
therapy



Diagnostic  Method Time  for  Pathogen
Identification

Gram  stain Minutes

Culture  
(Conventional)

3-­5  Days

Culture  (Automated) 1-­2  Days

Antimicrobial  
susceptibility

Days

Acute  and  
convalescent  
antibody

Days

Antigen  detection Minutes  to  hours

Polymerase  chain  
reaction

1  to several  hours

Current  Diagnostic  Methods  and  Time  Required  for  
Pathogen  Identification



Gram  stain

• The  most  important  staining  procedure  in  
microbiology

• Still  the  first  line  of  diagnosis  for  infectious  
diseases,  further  development  of  molecular  
diagnostics  will  eventually  make  it  obsolete,  
but  for  now  they  can  be  helpful  

• Use  gram  stain  results  as  your  rapid  
diagnostic  technique

• Important  procedure  for  suitability  criteria  for  
culture



Suitability  Criteria  for  Culture
Classification  of  sputum  on  the  basis  of  leukocyte  

and  squamous epithelial  cell  densities

Cell  numbers  per  x  100  (low  power)  field
GROUP LEUKOCYTE CELLS EPITHELIAL

6 <25 <5
5 >25 <10
4 >25 10-­25
3 >25 >25
2 10-­25 >25
1 <10 >25

*Only  sputum  samples  in  categories  4-­6  should  be  cultured.

Manual  on  ARI,  WHO



The  “well-­chosen”  sputum  specimen

• Met  suitability  criteria
• Deep  cough,  grossly  purulent
• Best  obtained  before  antibiotics
• Transport  in    1  to  2  hours





Guide  to  proper  specimen  collection  
Disease Tests Appropriate  

Specimen
Time  of  
collection

Quantity Turn-­
around
time

• Acute  
bloody  
diarrhea

• Cholera  

Culture Fresh  stool During  
active  
diarrhea

2-­5  ml  (liquid)

5  g (solid)  
pea  sized

3-­5  days

Rectal  swabs 1-­2  swab 3-­5  days
• Typhoid Culture Fresh  stool 2nd to  3rd

week  after  
onset  of  
illness

5  g (solid)  
pea  sized

Minimum  5  
days

Rectal  swab 2nd to  3rd
week  after  
onset  of  
illness

2  swabs 3-­5  days

Blood 1st week  
after  onset  
of  illness

1:5 to  1:10  
ratio  with  
BCB

7 days



Guide  to  proper  specimen  collection  
Disease Tests Appropriate  

Specimen
Time  of  
collection

Quantity Turn-­
around
time

• Leptospirosis Culture Whole  blood Within  10  
days  of  
illness

3-­5  ml 6  weeks

CSF Within  10  
days  of  
illness

0.5-­2 ml 6  weeks

URINE 2nd up  to  
30  days  
after  onset  
of  Sx

15-­50  ml 6  weeks

PCR Same  as  
above

Same  as  
above

Same  as  
above

3-­5  days



Guide  to  proper  specimen  collection  
Disease Tests Appropriate  

Specimen
Time  of  
collection

Quantity Turn-­
around
time

• Leptospirosis MAT Serum 5-­10 days  
or  later  
after  onset  
of  Sx or  
after  
collection  
of  acute  
serum

>1  ml

MAT Serum 14  days  
after  onset  
of  Sx
(single  
serum  
collection)

>1  ml



Guide  to  proper  specimen  collection  
Disease Tests Appropriate  

Specimen
Time  of  
collection

Quantity Turn-­
around
time

• Invasive
meningococcal  
disease

Culture Blood  or  CSF Onset  of
illness

1:5 to  1:10  
ratio  with  
BCB

7  days

PCR Blood Onset  of
illness

3-­5  ml 3  days

CSF Onset  of
illness

0.5  to 1  ml 3  days

• Diphtheria   Culture Throat  &  
nasal  swab,  
skin  lesion

Onset of  
illness

2  swabs:  1  
throat,  1  
nasal

3-­5  days

PCR Isolate Onset of  
illness

3-­5  days



Guide  to  proper  specimen  collection  
Disease Tests Appropriate  

Specimen
Time  of  
collection

Quantity Turn-­
around
time

• Pertussis Culture Nasopharyngial
swab  

<2  weeks
post-­cough  
onset

2  Dacron  
swabs  L and  
R  nostrils

8  days

Nasopharyngial
aspirate  

<2  weeks
post-­cough  
onset

≥0.5  ml 8  days

PCR Nasopharyngial
swab  

<4 weeks  
post-­cough  
onset

2  Dacron  
swabs  L and  
R  nostrils

3-­5  days

Nasopharyngial
aspirate  

<4 weeks  
post-­cough  
onset

≥0.5  ml 3-­5  days



Guide  to  proper  specimen  collection  
Disease Tests Appropriate  

Specimen
Time  of  
collection

Quantity Turn-­
around
time

• Bacterial  
meningitis

Culture Blood Onset  of  
illness

1:5 to  1:10  
ratio  with  
BCB

7  days

CSF Onset  of  
illness

0.5-­1  ml 3  days  
minimum

PCR Whole  blood Onset  of  
illness

3-­5  ml 3  days

Serum  or
CSF

Onset  of  
illness

≥0.5  -­1  ml 3  days

Serology Serum  or  
CSF

Onset  of  
illness

0.5-­1  ml 1  day

Whole  blood Onset  of  
illness

3-­5  ml 1  day

Serotype/  
serogroup

Isolate 1-­2  days



for  Viral  diseases,  
Parasitic  diseases  
and
Special  
Pathogens



National  Reference  Laboratory
• Antimicrobial  Resistance  Surveillance  Reference  Lab  (ARSP)
• National  Voluntary  Blood  Services  
• Bacterial  Enteric
• Emerging  Infectious  Diseases
• Mycology  
• Invasive  Bacterial  Diseases
• Polio  and  Enteroviruses
• Measles  and  Rubella
• Dengue  and  Chikungunya
• Infuenza
• Rotavirus
• Japanese  encephalitis
• Malaria
• TB



Etiology of  Pneumonia  by  PCR

Pathogen Chest
Indrawing
Pneumonia  
(CIP)  (32%)

Very  Severe  
Pneumonia  
(VSP)  (68%)      

Total  
(N=31)                      

Streptococcus  pneumoniae 4 9 13
Hemophilus influenzae 3 2 5
Neisseria  meningitidis 0 1 1
Methicillin  Resistant  
Staphylococcus  (MRSA)

1 0 1

Staphylococcus  aureus 0 3 3
Pseudomonas  aeruginosa 0 2 2
Klebsiella pneumoniae 0 2 2
Enterobacter  aerogenes 1 0 1
Acinetobacter  baumannii 1 2 3

RITM-­Tohoku  Research  Collaborating  Center



Etiology of  Atypical  Pneumonia  by  PCR

Pathogen Chest Indrawing
Pneumonia  (CIP)

Very  Severe  
Pneumonia  
(VSP)

Total  

Mycoplasma  pneumoniae 0 3 3

Bordetella  pertussis 3 18 21

RITM-­Tohoku  Research  Collaborating  Center



Viral  pathogens  
detected  
Hospital  Sentinel  Sites,  2011-­2016

0

20

40

60

80

100

120

140

160

180

200

Ap
r

Ju
l

O
ct

Ja
n

Ap
r

Ju
l

O
ct

Ja
n

Ap
r

Ju
l

O
ct

Ja
n

Ap
r

Ju
l

O
ct

Ja
n

Ap
r

Ju
l

O
ct

Ja
n

Ap
r

2011 2012 2013 2014 2015 2016

RSV HRV Flu Hadv hMPV

PIV EV Measles HCoV Wu

Dengue Chik HSV CMV

Virus Frequency    (%)
RSV 1026  (25)
HRV 736  (18)
Influenza   152  (3.7)
PIV   118  (2.9)
HAdV 41  (1.0)
hMPV 132  (3.2)
HEV 61  (1.5)
Measles 56  (1.4)
HCoV 13  (0.3)
Wu,  HSV,  
Dengue,  
Chikungunya

1  each  (0.03)

CMV 63  (1.5)
2  viruses 241  (5.9)
3  viruses 4  (0.1)
4  viruses 1  (0.02)
Negative   1406  (34.3)RITM-­Tohoku  Research  Collaborating  Center



6
14

71

13 12

52

6

8

107

26 32

83

0

20

40

60

80

100

120

140

160

180

200

2011 2012 2013 2014 2015 2016

N
O
.	
  O

F	
  
PA
TI
EN

TS

YEAR

NEGATIVE

POSITIVE	
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BGH
MC

ITRM
C

CVM
C

JBLM
RH BMC PCM

C PGH SLH WVM
C

VSM
MC SPMC

Sp 4 5 2 3 4 1 1 3 7
Hi 5 1 2 2
Nm 1 1 1 1 2 1
Negative 112 120 153 104 6 120 1 6 40 115 94
Inconclusive 18 45 50 10 1 3 3 15 26
Not  done 33 35 26 215 21 12 4 6 8 55
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January – December 2016

Acute  Meningitis  Encephalitis  Surveillance  (AMES)  -­ RITM-­DOH-­WHO



Serotypes  of  S.  Pneumoniae
January  -­ December  2016

*Out  of  29  positive  samples,  only14  were  serotyped,  the  rest  are  for  serotyping

Acute  Meningitis  Encephalitis  Surveillance  (AMES)  -­ RITM-­DOH-­WHO

Quellung Reaction

PCR

Previous                                                                  Present

Sentinel	
  
Hospital Region 1 2 14 10A 12F/12A/

12B/44/46 22F/22A 23F 6A/6B/6C
/6D

Grand	
  
Total

BGHMC CAR 1 1 2
ITRMC 1 2 1 4
CVMC 2 1 1
PCMC NCR 2 1 1 4
VSMMC 7 1 1 2
SPMC 11 1 1

Grand	
  Total 4 1 2 1 2 1 1 1 14
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Measles  Genotype  Distribution  of  Cases  
in  WPR,  2014

Measles  Virus



Regional  Distribution  of  Confirmed  Measles  
and  Rubella  by  IgM  testing  
January  to  December  2016

1 CAR 2 3 NCR 4A 4B 5 6 7 8 9 10 11 12 CAR
AGA

ARM
M

Rub+ 1 9 0 3 19 20 1 0 44 3 3 0 2 3 2 0 0
Meas+ 4 1 0 0 3 2 1 1 3 9 2 11 1 0 0 1 2
Referrals 91 73 47 119 190 239 32 47 299 96 20 38 122 87 66 39 6
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An  amazing  technology?

Matrix  Assisted  Laser  Desorption  Ionization
(MALDI-­TOF)

• Next  generation  sequencing  highly  
multiplexed  assays,  detect  bacteria,  virus,  
yeast,  molds in  a  single  test

• Looks  at  the  protein  signature  of  the  bacteria  
and  identification  in  a  rapid  manner

• Do  not  provide  antibiotic  susceptibility  
information



An  amazing  technology?

Matrix  Assisted  Laser  Desorption  Ionization
(MALDI-­TOF)

• Instrument  very  expensive,  individual  
testing  is  inexpensive

• Requires  expertise
• Dependent  on  the  quality  of  database



Conclusion
• Technological  advances  have  resulted  in  rapid  
identification  and  detection  of  pathogens  and  
hold  great  promise  for  the  future

• Conventional  methods  remain  the  dominant  
approach  to  diagnosing  patients  in  the  country

• The  principles  of  patient  selection,  adequate  
and  careful  specimen  collection,  handling  and  
transport,  appropriate  methods  used  and  
accurate  result  interpretation  are  the  essentials  
in  the  effective  care  for  our  patients



A  typical  hospital  lab  in  a  decade  or  two?



Advancement  in  pathogen  detection  is  
being  driven  by  clinicians  having  higher  
expectations  for  the  laboratory.  We  
want  results  fast  in  a  time  frame  that  
will  influence  our  decision  making.



The  next  move  is  yours,  
critical  to  your  clinical  
management,  patient’s  health  
and  outcome...




