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A 1952

Intensive care medicine is 60 years old: the history and
future of the intensive care unit

Authors: Fiona E Kelly,* Kevin Fong,® Nicholas Hirsch® and Jerry P Nolan®

Intensive care is celebrating its 60th anniversary this year.
The concept arose from the devastating Copenhagen polio
epidemic of 1952, which resulted in hundreds of victims
experiencing respiratory and bulbar failure. Over 300 patients
required artificial ventilation for several weeks. This was
provided by 1,000 medical and dental students who were
employed to hand ventilate the lungs of these patients via
tracheostomies. By 1953, Bjorn Ibsen, the anaesthetist who
had suggested that positive pressure ventilation should be
the treatment of choice during the epidemic, had set up the
first intensive care unit (ICU) in Europe, gathering together
physicians and physiologists to manage sick patients = many
would consider him to be the ‘father’ of intensive care. Here,
we discuss the events surrounding the 1952 polio epidemic,
the subsequent development of ICUs throughout the UK, the
changes that have occurred in intensive care over the past 10
years and what the future holds for the specialty.

Fig 3. An 8-year-old girl being hand d via a trach.
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Bite of infection

A

No. of Trache- ~ Wound
Causative organism infections \ Sputum  ostomy swab Urine
Coliforms 39 18 6 & 10
Fa. aeruginos 21 11 T 2 1
Protews spp. 9 5 1 1 2
H. injfluenzae B 5 1 0 0
Strep. pneumoniae 3 3 0 ] 0
Stoph., aures 21 10 4 7 0
Btrep. faecalis 4 0 1 3 0
Strep. pyogenes 3 0 0 3 0
Candida spp. 14 3 11 0 o
Clostridium welchii 1 0 0 1 o
Totals 121 55 3l 22 13
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Acinetobacter: an old friend, but a new enemy

K.J. Towner*

Department of Clinical Microbiology, Nottingham University Hospitals NHS Trust, Queen's Medical
Centre, Nottingham NGF 2UH, UK

Awvailable online 22 August 2009

KEYWORDS
Acinetobacter;
Epidemiology;
Infiection control
Measures;
Hosocomial infection;
Therapeutic options

outbreaks can aceur in such units, invalving the infection or colanisation
of numerous patients by specific epidemic strains of A, baumannii.
Recently, a particular problem has concerned cross-infection of injured
military patients repatriated from combat regions of the world [(e.g. Irag
and Afghanistan). Carbapenems have previously been the treatment of
choice for infected patients, but increasing reports worldwide now
describe A. boumannii isolates resistant to all conventional antimicrobial
regimens. Data to support therapeutic use of the limited number of new
antimicrobial agents [e.g. tigecycline) with in-vitro activity against these
pathogens are still very limited. Detailed advice concerning prevention
and control of outbreaks caused by multidrug-resistant strains of acineto-
bacter is available from the UK Health Protection Agency. n addition to an-
tibiotic prescribing policies and audit, these measures focus on reinfarcing
standard infection control procedures and precactions, with particular
attention to thorough cleaning of patient areas to take account of the
long-term survival of acinetobacter after drying and inadequate disinfec-
tion. Despite these measures, the prablem continues to escalate, with
many hospitals werldwide now reporting outbreaks caused by multidrug-
resistant strains of acinetobacter.

& 2009 The Haspital Infection Seciety. Published by Elsevier Ltd. All rights
reserved.
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APCR

AMultiplex PCR
ANestedPCR

A SeminetestedPCR
ABroadRangePCR

AHot Start PCR
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Xpert MRSA

Xpert 54 Nasal Complete
Xpert MRSA/SA SSTI
Xpert MRSA/SA BC
Xpert C. difficile

Xpert C. difficile/Epi
Epert vana

Xpert Morovirus

Xpert Carba-R

0303456789012345

Critical Infectious Diseases
Xpert MTB/RIF
Xpert Flu
Xpert FIU/RSV XC
Xpert BV

Sexual Health
Xpert CT/NG
Xpert GBS
Xpert GBS LB
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Healthcare Associated
Infections

Xpert MRSA

Xpert 5A Nasal Complete
Xpert MRSA/SA SSTI
Xpert MRSA/SA BC
Xpert C. difficile

Xpert C. difficile/Epi
Apert vana

Xpert Norovirus

Xpert Carba-R

Critical Infectious Diseases
Xpert MTB/RIF
Xpert Flu
Xpert FIU/RSV XC
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Sexual Health
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o

4 Gram-
o N Positive

4 r‘.‘-'\ »
P Bacteria

Enterococcus

Listena monocytogenes

Staphylococcus
Staphylococcus aureus

Streptococcus
Streptococcus agalactiae
Streptococcus pneumaoniae
Strepiococcus pyogenes

™ Gram-
2 Negative
Bacteria

Acinefobacter baumannii
Haemophilus influenzae
Neissena meningitidis
Pseudomonas aeruginosa
Enterobacteriaceae
Enferobacter cloacae complex
Escherichia coli
Klebsiella oxytoca
Klebsiella pneumaniae
Proteus
Sermatia marcescens

Antibiotic
Resistance
Genes

mecA — methicillin resistant

Candida glabrata vanA/B — vancomycin resistant
Candida krusei KPC — carbapenem resistant
Candida parapsilosis

Candida fropicalls

tespi ti
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Rapid Detection of Bloodstream Pathogens in Liver Transplantation
Patients With FilmArray Multiplex Polymerase Chain Reaction Assays:
Comparison With Conventional Methods

B. Otlu™*, Y. Bayindir®, F. Ozdemir®, V. Ince®, 5. Guglan®, M. Hopoglu®, Y. Yakupogullari®, C. Kizilkaya®,
C. Kuzucu®, B. Isik®, and 5. Yimaz©

Antim icrobial

Gram negative bacteria ~ Gram posditive bac teria Yeast .
resistance genes

Acinetobacter baumannii Enterococcus spp. Candida albicans mecA - methicillin
Haemophilus influenzae Listeria monocytogenes ~ Candidaglabrata  egistance gene
Neisseria meningitidis Staphyl Candida krusei )
Pseudomonas aeruginosa aphylococcus spp. Candida vanA/B - vancomycin
Enterobacter cloacae complex Staphylococcus aureus parapsilosis resistance gene
Escherichia coli Streptococcus spp. Candida tropicalis KPC b
Klebsiella oxytoca Streptococcus agalactiae o carbapenem
Klebsiella pneumoniae Streptococcus pneumoniae resistance gene

Proteus spp.

. Streptococcus pyogenes
Serratia marcescens P Pyog
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Positive blood culture

averagel4.5hours
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A Gram boyama

Positive blood culture

averagel4.5hours

l

Gram stain result

@10 minutes
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Positive blood culture
averagel4.5hours

l

Gram stain result
@10 minutes

Solid agaiicubation

@18 hours
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Positive blood culture

averagel4.5hours

l

Gram stain result
@10 minutes
Solid agar icubation |

@18 hours l

Standart microbiology
Procedurs

@1-2 day
N R




Enfeksiyon etkenin tespiti

AMol ek¢l er

yentemlerl e

A YNEt GNNJ &2y dzOdz

et keni

Time to blood Gram stain from positive Identification after solid agar incubation {18 hours)
Sample Positvity httle Standart microbiology methods
No {hours) Time to result {day)
1 11.5 {ar - bacilli Enterabacter spp. £ 4
2 £2 (3r - bacilli E coli /1
3 1.2 (3r - bacilli K. prewmaniae Il
4 252 (ar - bacilli K. prevmaniae 11
5 #.1 (3r - bacilli K. prevmaniae 11
f T2 {3r + cocc Acimefobacter spp. [ 4
7 111 {3r + cocc Acimetabacter spp . [
kS 106 8 Lir - bacilli K. poenmaoniae |1
i 1.4 (3r - bacilli E coli /]
10 121 {3r + cocc Enterococens spp. [ 1
11 18.6 Lir + cocci Enferococcus spp. (2
12 14.1 {3r + cocc Migrococeus spp./ 2
13 15.5 (ar - bacilli Maorganefia spp. 1
14 11.4 Gr + cocei  emamination with
15 386 {Gr + coce Conbmmination with
skin flora
16 121 (ar - bacilli Enterabacter spp. 1
7 T {ir + cocci Acinetobacier spp.f 1
14 1.6 (3r - bacilli E coli, 11
19 711 Yeast Camida spp. 11
20 T4 (3r - bacilli E colif]
21 12.4 (3r - bacilli Maorganelia spp. 1
22 8.2 (ar - bacilli K. prevmania, |1
23 11.1 (3r - bacilli E coli, ESBL{+) /1
24 14.4 (3r - bacilli E. ooli, ESBL{+) /1
25 1.1 {3r + cocc Acimetabacter spp.l 1
2 17.4 Lr - bacilli P aeruginosal 1
7 521 (3r - bacilli K. prevmaniae 11
28 4.4 (ar - bacilli K. prevmaniae 11
249 BB (3r - bacilli E. coli, ESBL{+), carbepenemase {+) /7 2
k1] 12.2 (3r - bacilli E. coli, ESBL{+), carhepenemase {+) /1
31 104 {3r + cocc Acimetobacter spp.l |

n

tespi ti
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Positive blood culture
averagel4.5 hours

l

Gram stain result
@10 minutes

Solid agar icubation |

l @18 hours l
Vitek 2 Compact Standarimicrobiology
Procedurs
avarage
6.5 hours

|
!
-
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Positive blood culture

average 14.5 hours

l

Gram stain result
@10 minutes

| Solid agar icubation |

l l @18 hours l

Vitek MS result Vitek 2 Compact Standarimicrobiology
Procedurs

@5 minutes avarage i
6.5 hours @1-2 day
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Positive blood culture

averagel9.5 hours

Gram stain result FilmArray result

@10 minutes 2 hours
Solid agar icubation | g0 “’:’:"g
- ' *

8 hours — ;

| @y p—
Vitek 2 Compact Standarmicrobiology
Procedurs
avarage @12 day

6.5 hours



Enfeksiyon etkenin tespiti

AMol ek¢ler y°ntemlerle etkenin tespit.i

Time ts . Identification afler sohd agar incubation | | 8 howrs)
Llood {iram stain
Sample !'m_ fram pasitive FilmArray [dentification Standart microbielogy methods Vitek 2 Compact )
. positvity ) . Vitek M3
M batile ! Tume te result (day) S Timie o result {haours )
[hisurs)
| 1.5 (o-haclli E cloace complen Enterabacier spp 74 E cloace complex 5 E clecce
2 g2 Gr =bacilli £ coli, KO E eali 7/ 0y NI
1 102 Gr=hacilli K pnewmoniae, Pgeriwginesa K pnewmoniae /1 K pneimoniae /4,15 K. pRewmeRice
4 252 Grshaalli K ponewmoniae K pnewmoniae | & pnewmoniae /5 K. prewmerice
5 Bl Gr hacilli K ponewmoniae, Sreplococons spp K poeinmoniae [ & pneimoniae 445 K. prewmerioe
[ 7.2 G + cocci A Baimannii Acinetobacter gpp 4 A Barmannil compler 6 A borwmerri comple
T L1 Gir + cooci A faimannii Acinetobacter g S A Bawmannil compler 6 A brwmerril comple
B ID0E  Grebacilli K pnenmoniae K poewmoniae | & pnenmoniae S K. prewmerice
9 104 Gr-bacilli £ eali, KPC|-) E eafi /] ND® ND
10 121 Gir + cooci Enferocacons spp Fan A8 (=) Enreracocons spp. S 1 E faecium ! 6 E. freciwm
11 1B.& OO+ cacci Enferocacons spp. Fan A8 () Enferocacons spp./ 2 E faeciim! b E. faeciwm
12 Ld.1 Gir + ool Mot detected Micrococons sppt 2 E clogcae) 5 E. cleacee
13 15.5 Gr =bacilli  Sraphplococors spp., Mecd (=2 Morganella sppt 2 Morganelfa megani) 545 Morgarella mergani
14 R R e — Enferacocens spp., Van A8 (=) fk-n::n.t.;'um.ltlm with HIF NI} ©
Staphviococos spp_ Mecd (-} In fLom
15 I66  Grtcopei L Dwwmannil ot nartigm v ND*® ND ©
Enferacocens spp., Van A8|=) skin flora
16 12.1 Gr =hacilli £ efoacae complex, KPC =) Enterabacter spp. carbepenemase (+) / 2 £ cfoacae complex /515 E. cloacoe
17 LT O + cacci A Faimannii Acineiobacter sppt | A Barmanniy compler S 6 A bawmarnii compiex
1E 106 Gr-bacilli £ cali, KPC-=) E eofi, ESBL 411 N ND ¢
19 TL.1 Yeasi 7 fropicalis Canida spp /1 . fropicalis P 1815 C kefir”
10 G Gr =hacilli £ coli, KPC{-) E eali ] ND B NI
1 124  CGrshacilli  Norderecred Morganella spp A Morganelia meganis 545 Mergeredlo mergoni
A pnewmania KPCY-1,
¥ g2 Gr = hacilh ) freimonT ) " K pnewmonia, carbepenemase (+) 1 1 K pneinmoniag K. pretemiznis
Enterococcus Fan 483
11 1.1 {ir = haalh E coli, KPC =) E coli, ESBL +), carbepenemase (+)/ 1 WD b NI ¢
4 1d.4 {ar = hacilh E eoli, KPC (=) E coli, EEBL {+), carbepenemase{+)/ 1 ND b M ®
15 Lol Gr + caoci A Faimannii Acinetobacter spps | A Barmannii compler /B A brwmerril comple
16 174 r-=bacilli P gerwginess Foaernginesa )| Foaernginesy S 445 P werginess
17 521 Gr=hacilli K ponewmoniae, KPC (=) K pnewmoniae [ A pnenmonige F4 45 K. prewmorice
k] 484  {re-baalli K poenmoniae KPC (=) K poewmoniae | & pnemoniae 4 K. prewmerice
19 RE (r=hacilli £ codi KPC () E coli. ESBL{+), carhepenemase (4172 NWD® NI
an 12.2 {ir = hacilh E eoli, KPC =) E coli, EEBL {+), carbepenemase {+) /1 ND " M E
11 L4 Lo+ cocal A Baimannii Acinetobacter sppd | A Baarmanniy complex /6.5 A berwmerRi comple
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Positive blood culture
averagel9.5 hours

FilmArray result

Gram stain result
@10 minutes 2 hours

Solid agar icubation |

l @18 hours l
Vitek 2 Compact Standarmicrobiology
Procedurs
avarage )
6.5 hours @1-2 day
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Curiosity Diagnostics PCRIONE For Investors About Us

Help when you need it most

()
COLLECT SAMPLE

_ -_—
ﬁiﬁ"ml)l%
9 |

SEPSIS
GOLDEN HOUR

Saving patients with systemic infections
requires rapid administration of drugs.
PCR|ONE system allows drugs to be
specifically targeted for optimal treatment.
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We are Biomeme:

A smartphone-based DNA detection platform.
No lab necessary.
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LIFE SCIENCE PATHFINDER

UPPSALA BIO

| OUROFFERINGS | MEMBERS | PURCHASING | BIO-X

|©

NOTICE BOARD

Solutions for

Hospital-Acquired Infections

BIO-X& offers a structured approach to
partnering with innovators from
academia, clinics and biotech SME's to
develop proof of concept, proof of
mechanisms or proof of hypothesis for
&8 new life science products and

dl services. The BIO-X program offers
selected project teams tailor-made
process support and financing, up to 1
million SEK per year for up to two
years. We are currently looking for ——— - — —* " — %'~

+ Rapid and sensitive diagnostic bench-top system for detection of hospital-
acquired infections
Afully automated microfluidic benchtop system for rapid, sensitive and
decentralized detection of hospital-acquired infections, based on magnetic
bicassays.

+ Antibacterial polymers for prevention of surgical site and wound infections
Antibacterial and biocompatisle polymers for prevention of surgical site
infections and wound infections.

+ Sampling device for simultaneous transportation and enrichment of
multidrug-resistant bacteria samples
A zampling device for simultaneous transportation and broth enrichment of
multidrug-resistant bacteria to increase sensitivity and shorten the screening
process.

+ Cranioplasty implant for large skull defects limiting hospital-acquired
infections
A bio-ceramic implant for use in cranioplasty of large skull defects limiting
bacterial infections related to replacement of the skull bone.

healthcare for projecis seeking o ¢~ & Bjosensors for early diagnostics of hospital-acquired infections

diagnostics and other solutions to ¢

infections. An optical biosensor platform technology for early diagnosis of infectious
agents on a multitude of surfaces, eg on medical devices, in patients’

The recent BIO-X Call for proposals for ni
fighting hospital acquired infections gene
in academic research, clinics as well as ¢

wounds, etc.

Antimicrobial surface technology for covalently coating medical grade
materials for reducing hospital acquired infections; in this instance, single
use silicon based devices used in ventilatory support.

+ Antifungal coating for medical devices
Antifungal coating technology to prevent in-growth of fungal hyphae and
prevent biofilm formation on medical devices.

+ Ultrafast lab-on-a-chip system for microbial detection
An antibody-based ultrafast, sensitive, lab-on-a-chip system far microbial
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Using a Pan-Viral Microarray Assay (Virochip) to Screen Clinical Samples for

Viral Pathogens

Eunice C. Chen', Steve A. Miller', Joseph L. DeRisi'?, Charles Y. Chiu'-?

1Department of Laboratory Medicine, University of California, San Francisco
2Division of Infectious Diseases, University of California, San Francisco

Rd B Samples RJA RdBRdC
————I——— HO HO HO

Figure 2. Steps in th¥irochipassay After amplification by
random PCR, a smear of 200000bp can be visualized by gel
electrophoresigA). (B) ThreeVirochipmicroarrays out of the 8
arrays / glass slide are shown, with a small region of one
microarray blowrup in the inset orthe bottom right corner.(C)
Automated microarray viral analysis usingedict revealing
the presence of influenza A virus in the clinical sample.
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Real-Time Optical Antimicrobial Susceptibility Testing

Marlene Fredborg,” Klaus R. Andersen,” Erik Jorgensen,” Alda Droce,™ Tom Olesen,” Bent B. Jensen,” Flemming 5. Rosenvinge,®
Teis E. Sondergaard™*

Departrment of Animal Science, Faculty of Science and Technaology, Azrhus University, Tiele, Denmark® Unisensor Ltd,, Allered, Denmark® Department of Biotechnology,
Chemistry and Envircnmental Engineerning, Aalborg University, Aalborg, Denmark; Odense University Hospital, Department of Clindcal Microbiclogy, Odense, Denmark®

Rapid antibiotic susceptibility testing is in high demand in health care fields as antimicrobial-resistant bacterial strains emerge
and spread. Here, we describe an optical screening system (oCelloScope) which, based on time-lapse imaging of 96 bacteria-anti-
biotic combinations at a time, introduces real-time detection of bacterial growth and antimicrobial susceptibility with imaging
material to support the automatically generated graphs. Automated antibiotic susceptibility tests of a monoculture showed sta-
tistically significant antibiotic effects within 6 min and within 30 min in complex samples from pigs suffering from catheter-as-
sociated urinary tract infections. The oCelloScope system provides a fast high-throughput screening method for detecting bacte-
rial susceptibility that might entail an earlier diagnosis and introduction of appropriate targeted therapy and thus combat the
threat from multidrug-resistant pathogenic bacteria. The oCelloScope system can be employed for a broad range of applications
within bacteriology and might present new vistas as a point-of-care instrument in clinical and veterinary settings.
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FIG 1 The oCelloScope detection system. (a) P
detection principle. A volume of 50 pl of a gn
dimensional (2D) picture. (c) 2D picture of S. ak
microscope.
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FIG 2 Bacterial growth of 5. aureus assessed by the oCelloScope and traditional OD measurements. (a) Growth was measured by optical density in a standard
laboratory spectrophotometer with one cuvette. The absorbance was measured at 600 nm. (b) Growth was measured by optical density (absorbance, 655 nm)
using a standard laboratory plate reader with a 96-well plate. (c) Growth was measured by optical density using the oCelloScope pixel histogram summation
(PHS) algorithm. (d) Growth was measured by the oCelloScope segmentation and extraction of surface area (SESA) algorithm. (e) Pictures taken by the
oCelloScope showing bacterial growth to different time points. All experiments were done as eight replicates, and standard derivations are shown as error bars
on the curves. Scale bar, 50 pm.
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ARTICLE INFO ARSTRACT
Articte histary: Successful treatment of bacterial infections requires the timely administration of appropriate antimicrobial ther-
Received 30 November 2015 apy. The failure to initiate the correct therapy in a timely fashion results in poor dlinical outcomes, longer hospital
Rcoew:; 'l" revised r‘?"’“ 7 January 2016 stays, and higher medical costs. Current approaches to antibiotic susceptibility testing of cultured pathogens have
mbb o:ﬂimaznm 2016 key limitations ranging from long run times to dependence on prior knowledge of genetic mechanisms of resis-
2 tance. We have developed a rapid antimicrobial susceptibility assay for Staphylococcus aureus based on bacterial
Keywords: cytological profiling (BCP), which uses quantitative fluorescence microscopy to measure antibiotic induced
Amtibiotic resisance changes in cellular architecture, BCP discriminated between methicillin-susceptible {MSSA) and -resistant
Susceptibility tests (MRSA) clinical isolates of S. aureus (n = 71) within 1-2 h with 100% accuracy. Similarly, BCP correctly distin-
Staphylococcis gureus guished daptomycin susceptible (DS) from daptomycin non-susceptible (DNS) S. aureus strains {n = 20) within
Multidrug resistant bacteria 30 min. Among MRSA isolates, BCP further identified two classes of strains that differ in their susceptibility to

specific combinations of beta-lactam antibiotics, BCP provides a rapid and flexible alternative to gene-based
susceptibility testing methods for S. aureus, and should be readily adaptable to different antibiotics and bacterial
species as new mechanisms of resistance or multidrug-resistant pathogens evolve and appear in mainstream

clinical practice,
© 2016 The Authors. Published by Elsevier BV. This is an open access article under the CC BY-NC-ND license
(htrp://creativecommons.org/licenses/by-nc-nd/4.0/).
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Rapid Bead-Based Antimicrobial
Susceptibility Testing by Optical
Diffusometry

Chih-Yao Chung', Jhih-Cheng Wang'*, Han-Sheng Chuang'**
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Uralogy, Department of Surgery, Chi Mei Medical Center, Tainan, Taiwan, 3 Medical Device Innovation
Center, National Cheng Kung University, Tainan, Taiwan
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Abstract

This study combined optical diffusometry and bead-based immunoassays to develop a
novel technigue for guantifying the growth of specific microorganisms and achieving rapid
AST. Diffusivity rises when live bacteria attach to particles, resulting in additional energy
from matile microerganisms. However, when UV-sterilized (dead) bacteria aftach to parti-
cles, diffusivity declines. The experimental data are consistent with the theoretical model
predicted according to the equivalent volume diameter. Using this diffusometric platform,
the susceptibility of Pseudomonas aeruginosa to the antibiotic gentamicin was tested. The
result suggests that the proliferation of bacteria is effectively controlled by gentamicin. This
study demonstrated a sensitive (one bacterium on single particles) and time-saving (within
2 h) platform with a small sample velume (~0.5 uL) and a low initial bacteria count (50 CFU
per droplet -~ 10° CFU/mL) for quantifying the growth of microorganisms depending on
Brownian motion. The technique can be applied further to other bacterial strains and
increase the success of treatments against infectious diseases in the near future.
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Fig 1. The optical diffusometric platform. (A) Schematic of the optical diffusometry. (B) The relationship of Brownian motion and the particle size change
due to the bacterium-particle binding. The corresponding diffusivity values are derived from the cross-correlation algorithm. A large particle diameter results
in a narrow correlation peak.
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