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Editorial i
Dear readers, FiEHzEE

The Covid-19 pandemic has managed to retain its grip on the world into 2021, and
Ger-many and many other countries across the globe are battling with a third
lockdown. A great deal has changed over the past 12 months: in many cases, we are
only able to pay virtual “visits” to the people we love, shops and restaurants are closed,
and our profession-al lives have been relocated to home offices. £20214F » Covid-19A¥iAT
E YR T 22BR - TEBIAIEERET 2 BB R IR — JESEATIIF - TEAEMREA T - 54
TARARRIEL : TEFSIEULT - Bl RERFAIER ) CEA TR R FER - RS FIEEEARART 7 - 3]
PIRBSEA S EACER 2 T RN E -

But in spite of all these challenges, the vaccines from BioNtech, Moderna,
AstraZeneca and other manufacturers have made us feel optimistic about the future.
This latest issue of aseptic focuses on the virus, with topical articles on the “Stability of
SARS-CoV-2 and other viruses on surfaces and “Anti-viral surfaces — testing processes
and practical rele-vance. What disinfection challenges are we facing? There are two
ISO standards that we can use to measure how effective an anti-microbial surface is
against viruses. EETFIEHTHIELHkE > {HBioNtech » Moderna » AstraZeneca 1 E:ft U A FEAY1Z
AR RRE L o Bl IR BRI RN S » ERESCE A SARS-CoV-2lIZR T _EHA
BRI U AR OB ERRARRRIE « TP ERRLLs ABkE 2 HMnT LUE AR Eso
TR B R AR R -

For validators in particular, our article on “Parametric testing in the performance
qual-ification of low-temperature sterilisation processes with hydrogen peroxide® will
be of great interest. The field of parametric testing now has access to new pressure-
temperature data loggers that operate in a pressure range of 0.1 to 1050 mbar (0.1 to
788 Torr) with 0.25 mbar precision, and in a temperature range of 0 °C to 85 °C with
0.1°C precision. FFARENERZEE » HMH S @S LSRR RO MERERE A 28
TR | ERSAH BT » BITE » SMORIEAREIE AT LAE FBT AR ) IR A ST ks > S LT8R AT M TE

0.1221050 mbar (0.122788Torr) FYEEJHEEPY 210.25 mbarfiHE ST » M0 CEE85°CRARL i B o5&
ITHEEE £50.1°C

I hope you enjoy reading this latest issue of aseptica. ## S /A SR B —HANERTHERE
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Stay healthy, R4 R

Iven Kruse
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Coronavirus reduces number of patent applications filed

AR T ER FFEIBE

During the coronavirus pandemic, many countries around the
world have been forced into lockdown - with drastic consequences
for some sectors of the economy. In addition to the threats of
financial losses and insol-vency affecting many companies,
coronavirus also seems to have had an impact on innovation and
invention: in 2020, German inventors filed significantly fewer
pat-ent applications compared to 2019 (56,778 compared to the
previous years 62,105), with the German Patent and Trade Mark
Office reporting a decline of almost eight per cent. Other large
industrial nations, including the USA and Japan, have observed a
similar downward trend, which suggests that the automotive
manufactur-ing, transport and mechanical engineering sectors have
been particularly severely affected. Sectors such as med-ical
technology and electromobility have benefited from the crisis, with
some reporting an increase in patent ap-plications of as much as ten
per cent {EFEARREEAUATIAM - 57 132 B5 a BT 88 B LA
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Thoughts on virus tenacity

PRI
Friedrich v. Rheinbaben

The structure and environmental resist-ance
of viruses mE B mEEiky

In virus terms, tenacity describes the ability of a virus to maintain its
infectiousness even when exposed to environmental conditions
outside of its host. The term reflects the stability of the virus in the face
of environ-mental factors and noxious chemicals. FAREETEEZCET - E2E)
T TR EERRE S PRI EE G - ENGERFENE £ LIIMBSE IR - 1535 Rk
THHREHREOREERRNEECEDE -

To better understand the tenacity of viruses, it is impor-tant that we first
understand how they are structured. There are two categories of virus:
non-enveloped (naked) and enveloped (Fig. 1). % 7 E47Hh T R EN5ER -
%E’z%ﬁﬁﬁ?ﬁgTﬁ@EﬁW%’% © R : JREIE (HRER) FImE
1) o
If you want to assess the resistance of both of these groups to environmental
conditions, these categories cannot be used to derive any general rules
that can be universally applied to individual virus types. Influencing factors
such as stability in dry and wet environments can vary sig-nificantly,
even between individual types within a single familiy of viruses. In both
the enveloped and non-en-veloped virus categories, it is possible to
identify related viruses that retain their ability to multiply after years or
even decades outside of the host organism or, conversely, that can only keep
their stability for a few hours. 2SR EFF @M EALSERETIRIFAVIEHT - AR
BE {5 FF 38 SR A g e P B ST (AT AR » BB ANTERZ
TEFIHRREERE P ROR e SR B R SR TR G AR B - BIBEBR(EIR A R
TEEFRE) A SRR Z Bt R AN - TEE A EEBYREERF - #E PERAIH
TEEE LV NEFE R WA VYIRS RTERE DRI & - SE R
EAMRARERIFELRRE By | -

As well as the differences in the outer capside, figure 1 also shows that there are
differences in the genetic material in-side the particle. This allows us to draw
conclusions about the sensitivity of the virus to influencing factors such as
high-energy UV radiation. However, it is still not possible to derive general
rules from this knowledge. This is even true of the effect of radioactive
radiation, such as the gam-ma radiation emitted by a cobalt radiation source
(00Co).bx TINBIIZER 2 YN » B URER TR TP S thiF trrE 2 -
EEBMATLISHERIREE BN (HISRERIMTIEST ) RIBUEMERIRS
& o AR > AR TREMEEZ AR PSRRI o EER ST ST
2 PINSHEESHR (60Co) FEAIMIESHR » AN - There is, however,
one characteristic that all viruses share: they are all sensitive to direct
sunlight. This is why sun, light and the colour white have long been
associated with hygiene and a high level of protection against pathogens
and virus infections; as it has clearly been derived from centuries of
human experience. (B2 » FTEREEAE —FILRIEVRHE - TR SRS
HRURE © BRI AR » SEH B RALIE— B SR RS R 5
G AR RN IR R DR R e BRI A O TR A SRR

Resistance to  chemical
in lu-ences and European
guide-lines on determining
the e i-cacy of biocides #tr=
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Conversely, resistance to chemical
in-fluences, disinfectants and
disinfection procedures is easier to
predict, and this is where categorising
a virus as either enveloped or non-
enveloped can prove useful. #Hf#) - %
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Enveloped viruses are all very sensitive to disinfection agents. Naked

27

viruses, on the other hand, are affected usually by oxi-dising substances only, and

sometimes need to be further increased by physical factors such as the application of

heat @FAEHHSHPEEEUE - H—AH  RSEREZEE TS
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BINSFELEAYERREF (Flarn

For this reason, when determining the virucidal efficacy of biocides, disinfectants and

disinfection processes, we use representative test viruses that allow us to assign one

Naked Viruses Enveloped Viruses

Double stranded DNA-Viruses = dsDNA Double stranded DNA Viruses = dsDNA

Single stranded DNA-Viruses = ssDNA Single (-)-stranded RNA-Viruses =ss(-)RNA

Double stranded RNA-Viruses = dsRNA Single (+)-stranded RNA-Viruses = ss(+)RNA

Single(+)-stranded RNA-Viruses = ss(+)RNA Single (+)-stranded RNA-Viruses with a dsDNA-
Phase

Fig. 1: Structure of viruses.

of three distinct virucidal efficacy gradations. The
gradation “limited virucidal activity” is used for
processes that have only been proven effective against
enveloped viruses. An enveloped virus (Vaccinia
virus) is used as the test virus.F . » TEREEREWIE » 12
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The gradation “limited virucidal activity plus” is used for processes that have
shown a significantly higher degree of efficacy and that have been tested on two
non-envel-oped, relatively chemical-resistant viruses (Adenovirus and Murine
Norovirus). WA EHE AR R A R A m Aok oF it E e Ry »
B LR (BB EGERE) LETEREREE -

Finally, the gradation “virucidal activity” may only be used for biocides and
processes that have shown ca-pacity to inactivate all viruses that are relevant
to hu-man medicine. Therefore, only “virucidal disinfection processes” are
capable of inactivating enveloped and naked, environment-resistant, heat-
resistant and disin-fectant-resistant viruses and are stable when dried. The test
virus that is most often used for such an expansive claim is the non-enveloped,
highly temperature-resist-ant bovine parvovirus. gt + “BR G SRE AR EHE
B B YRS AT SR S B R ARE RO B EBIREAL © I - RUE R AR b
R R B IR AR - MHERGER) - MYEARO MR SRR - i LRI IRFFRRRE © S RN I
PR IR R MR - T R A VR R o

What information helps us to assess tenacity?Wf££(Z & AT

LIEBh AR 2

If the established enveloped and non-enveloped virus categories are helpful
in assessing a virus’ resistance to biocides, but do not allow us to draw any
general con-clusions with regard to its stability in the environment, what other
information can we use for this purpose 24 FEE i i) fUIE I /I S8 B A Bk 37k
BERAEMBIROTE - (B R R ML R AR A H (R T — A VAR AP BE AT LA
(TR (5 BE R E Y 2

In such cases, the biology of the virus can provide us with the key

information that we need. The answers to the following questions are helpful:

TEEMEEUT » R AR AT LIS MR B R ARG B - DUT R SRR EE)

o How does the virus behave inside its host? Does it cause persistent infection or not?/H#:
TERCAE EPERRIAT A 201 2 2 S SR A RGeS 2

e How and in what manner does the virus in question exit its host?/ [ REAFEEA1 7] L B LAfA]
a7 R HEE: 2

o Which patient materials are linked within this process?/E B2 AR LL HE & BRI SERE(E —7E 2

o How high are the chances that the virus will rapidly reach and infect another susceptible

host?RZIH B LR EE MR R — A SR EEMREG RS K 2

The answers to all these questions are key to determining the tenacity of a virus.
Fr 38 LR RERY % SR S T R R B -

Biology of virus infections ma iy

How exactly does a virus behave inside its host? There are three main answers to

this question. FHETERTELPIEIIT AU 2 SEMER ZEEEEZE -

o The pathogen causes an acute infection and later leaves its host
completely. Viruses that cause this type of infection must either possess
a high level

>
(S

Y/

of tenacity or be capable of switching hosts rapidly, without
remaining in the environment for too long. Which viruses belong
their
transmission path, which in turn is connected to the manner in
which they exit their host %R [EEIERY: - Bk 2MPTHEL - §
BOEMMA YRR L B FOREL - SE LR PR IR £ - T REER
BTSRRI © e (M0 S (B G (S T LABARAE VAR 75 8 W et -
M58 S R (S S B e MERA i £ A9 7 UE R -

in which group becomes evi-dent from preferred

Viruses like flu viruses, which get into their hosts airways
through

limited level of tenacity (the Influenza A virus is one example).

cough aerosols in the environ-ment, have a

Infection via aerosols must occur quickly. Although discussions
about the current coronavirus problems often suggest otherwise,
remaining in the air for extended periods of time in-becomes a trap
here. G BURRRE AR B BBEE R IR ORI A TE E il - HERR
ERR (ARFURR SRR R —EFT) - EBfRE kB AT s g

BEARHE AR AR R g R H R - (R RIS &5
L BEAIFETSE -

Viruses that exit the host via the stool are significantly more likely to
remain in the environment for longer. These kinds of pathogens
increase their likelihood of transmission if they have high tenacity.
Often, other factors help the virus to find a new host, for example
the (extremely) high number of particles with which these viruses
are released into the environment. Nor-oviruses and rotaviruses are
examples of these kinds of pathogens.i###EHkH1E £AHHFE A ATREE
BRI AP IUR ERINTH] o 205G L R R R A R RIRIE » BIRGI T @B ATREN: © 8
o EAEFR AT BRI ERTOEE - Sl (KR ) MhE SR E R
FRRORRRL o ZETHR R AR AR R & SR R R BT -

However, it is always a good idea to pay attention to
gastrointestinal symptoms, even with respiratory virus infections. These
symptoms indicate that the virus may be capable of surviving passage
through the stomach and then finding a second target organ in the form of
the intestine (examples: coxsackievi-ruses, ECHO viruses). In such cases, it
is possible to determine whether a virus can survive the stomach by testing its

sensitivity toa pH value of 2 to 3. Text-book examples of
these kinds  of pathogens include not only the
aforementioned  coxsackieviruses and ~ECHO  viruses, but also
representatives  from the families of rhinoviruses and

enteroviruses, corona-viruses and even some influenza viruses. Leaving
the host via the intestine is always an indication of high tenacity and a
faecal-oral transmission route for pathogens of this type. {E/2& » ANE7EIFIRER
RGBT - WEEEBIGEEIN - SeRR— A £ < EEAEREY - s
FTRERESEIE S A7 T2 » R LIGHITE ZURENE —(EEEEE (Bl - FIEERTH
% > ECHOJ#E) ° REMEULT » A LU @ H 23] 3 pH{E AU M A HE E I
B A DUER A AR R BRI NSRS LSRR & fIECHO
JaE - SRERER B BRE NGRS - IR - R RN BRI -
FhRgE R R 18 AR RN SRR R S R RIS - DM R -

o Pathogens that have the ability to cause persistent in-fections of
various types are classed as possessing a low level of tenacity

(HIV being one example). They often have the entire remaining
lifespan of their pres-



ent host to transmit themselves to new hosts, and generally select less efficient
routes of transmission, such as via sexual activity. As a result, they do not need
to expose themselves to the selection pressures of environmental factors.FE575 | #E
%Eﬁﬁﬂﬁ%ﬁ@?%ﬂ’]Fﬁﬁ’g?&ﬁ??@ﬁtﬁﬁ-ﬁﬁ7}\4:9’\7?.3’%%1‘% ( BR8]
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However, if sexual transmission is not available to these types of virus for any
reason, they have to find another route. In this scenario, these kinds of virus-es
can also show significant resistance to drying, as seen in the case of the herpes
simplex virus type 1 (labialis). This virus causes an exanthema around the lips, as

well as eye infections in some cases. It can also remainstable for some time on dry
surfaces.{H72 » A1 HTH SEA [ R g LA O A A T IR (AL - UMM /i
PEAR{E - MEEMIFILT » & LARRAF R ] IR BRI 2L - stEE
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Water and its influence on tenacity 7K 5z F ¥}
e

Viruses that can get into the environment and into surface

However, viruses that rely on vectors (namely
blood-sucking insects) for transmission must be capable
of reproducing in multiple hosts (yellow fever viruses are
one example) and these viruses are not subject to the se-
lection pressure of needing to develop a particularly high
level

of tenacity. Vector-transmitted viruses are

generally very sensitive to environmental influences.{H
e 0 IRFEERERERORE (BRI EE) LJHRESY
ELEEETEE (RAWREE @) -
EERF N ERB T E - BRI - B ERE
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water are usually expelled with faeces in natural
conditions. Viruses that use this route of infection must acute infection persistent infections latent persistent infections
almost always possess a very high level of tenacity (examples PR FRfER TR

These kinds of
viruses can sometimes be stable in the environment for decades, as

include poliovirus and hepatitis A virus).

demonstrated by incidental findings from the veterinary
medicine sector in particular.EIUJE)\fﬁi‘ﬁ'ﬂt*ﬂi‘E)\f@?‘%7}<':F‘E’Whﬁﬁfﬁ~
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They can even persist for astonishing periods of time in

tenacity against chemical substances is therefor not surprising.

biotopes such as aquatic sediments and sludge, even [ Y ] [ Y
though these environments have high levels of microbial v v v
activity, which are characterised by high levels of aggressive ¥ °_0p 0 v
metabolites produced by the microbiota present. The fact that these 8" © v
kinds of viruses also always show particularly high levels of v v

S,

This continues to apply when they enter the digestive systems of
humans or other organisms, such as mussels. In these cases,
their tenacity opens up new routes of infection, such as
transmission via food and drinking water. /T2 A] LIFEZEAI K AT
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Fig. 2 Acute infection, persistent infection, latent persistent infection.Z4/&

(The affected host is generally virus-free and immune by the end of the
recovery period from an acute infection. With persistent infections, virus-
infected cells are masked in delayed replication cycles and are only recognised

as infected and destroyed when virus particles are released, leading to a

Some of these viruses also show astonishingly high re-sistance
to drying. This is particularly true of viruses that can use
arthropods such as flies as a means of transport (vehicle) (like
the coxsackieviruses, ECHO viruses and summer flu).ig &4
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sustained period of infection. In latent persistent infections, the replication
cycle is completely interrupted and an infectious virus is formed onIy when the
genetic material is activated and the replication cycle continues).
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Tenacity towards biocides: a special case ZREBIAIERE M : B
It is essential to have a precise understanding of how a virus responds to biocides to
minimise the use of biocides and the environmental impact associated with them. This is why
the parameters of disinfection processes must be determined through experimental testing
in accordance with the defined European standards, which are
EN 14476 EN 16777 and/or EN 17111 depending on their application in medical and

o L kDR A P (58 FH A B B

FERSHAR

The results of these tests apply to disinfection processes for surfaces, instruments, hands
and laundry, and allows to determine whether a disinfection process is categorised as having
“limited virucidal activity”, “limited virucidal activity plus”, or even “virucidal activity”. The top
standard for a virucidal chemo-thermal disinfection process is demonstrating efficacy against
parvovirus (non-enveloped and thermostable). The lowest hurdle is demonstrating efficacy
agalnst the (enveloped) Vaccmla virus.ig i B SR
» “HIRAIR

F8 . FHRMMNEERE -
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Parvoviruses: tenacious extremists #l/| V&5 : EIEATERDT
Murine parvovirus can survive temperatures of 80 °C for an hour; temperatures of 60 °C
barely harm it at all. The dry stability of parvoviruses is generally very high and it can resist
incubation at room temperature for periods of months to years with virtually no losses. Of the
traditional disinfection agents, only active oxygen-releasing compounds, active chlorine and
aldehyde tend to be successful. Oth-er active substances used in disinfectants generally
have little to no effect. Parvovirus even displays a high level of resistance to gamma radiation
from a radioactive cobalt source, and can survive doses of 30 kGy (6°Co) B/ MR EE AT LATESD°C
(E‘ {E/ |\ o 60°CHIIRE R TR ERE - Tlﬂ’J fﬂﬁ'ﬁ ¢

B A EHERIREE
TERRINY o VBRI FR {5 FR A Bt 1) e
%ﬂ‘ﬁ&ﬂﬁ%ﬂ@?ﬁhﬁ il HL AT LIFE30 kGy (60Co) E’J""ll;-a_T &3l

No enveloped human pathogenic virus even comes close to displaying this level of tenacity.
This is also true of coronoviruses. These viruses are highly sensitive to virtually all disinfection
agents and in many processes, exposure to a temperature of 60 °C can in itself pro-vide
good protection. However, this information must never be used as the basis for sweeping
generalisations. The virucidal activity of all disinfection and preparation processes must
always be determined by expenmental testmg %i(%ﬁ Tiﬁ

HITERE o HW‘F&LEU lid : z
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“limited virucidal activity” and “virucidal activity” “HFEFRREE IR B E 1

If a disinfection process is found to be active against enveloped virus-es, then its virucidal
ability is limited to that category of virus. If it has been tested specifically against coronavirus,
then the results should be used only as the basis for determining efficacy against corona-
viruses, and never to draw general conclusions about its efficacy against all enveloped
viruses AR EENHEEIE S AR R B A TEE - AIERYR ﬁ’a‘t e o AIRE SRR
AT T EEFTAIG - RS SR R (e R SRR B Dh A R - A R ER R D —
i

However, if a process has been proven effective against parvoviruses, it is deemed effective
against all viruses that are relevant to human medicine: as long as the tested process
conditions are met, it can be advertised as having full virucidal activity. {2 - 40 !
EREBURU VR - AL EEFTE ) ARG RIRREI AR - REDR R
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The impact of accompanying materials Fi# 1k}
RS

There is a wealth of published information on the tenacity of individual
viruses, but much of this material is confusing. Some of the conclusions
drawn are based on experimental data. Unfortunately, in most studies,
experiments are conducted on viruses obtained from cell culture lysates.
For this reason alone, it is not possible to be completely certain that the
virus type being studied has not been subject to a selection process, which
would mean that its characteristics would not be anything like those
of a wild virus. Furthermore, most of these studies do not take account
of natural accompanying materials such as blood, stool and other
secretions and excretions. However,
significant impact on the tenacity of viruses, as incidental observations
from clinical practice have proven time and time again. i B (/&)
SR EASEM TREGEE  (BRHEGIFE AES ARZ o FHIRELER
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these substances can have a

Modern institutions determine routes of
transmission Btk R E E R K

Ultimately, the reason why we determine the tenacity of a virus is to
develop prevention strategies.
ourselves to be deceived by individual findings, however thorough or
prominent they may be. This is particularly true when we need to break a
chain of infection: in these cases, factors such as our everyday habits,
home and public environments, mo-bility and the organisation of
everyday life - in short, all aspects of our lifestyles and our behaviour
- have an important role to play. In the institutions we have created —
such as care homes, schools, kindergartens, professional kitchens,
public transport and many others, and across the entire medical sector in
particular - natural routes of transmission can change significantly based
on the specific tenacity of a pathogen. One final example to conclude:
the natural route of infection for HIV - which is widely acknowledged

This is why we must never allow

as a virus that is not particularly environmentally resistant - is sexual
transmission. But in the medical environment we have created and
during the behaviours we practice in this environment, even this
highly sensitive pathogen can find new routes of transmission if we do

not follow certain important rules.fz#% » Fffte 7 /5 258 B2 1Y 5 2 il E TH
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The stability of SARS-CoV-2 and other enveloped
viruses on surfaces — new challenges for

disinfection?

SARS-CoV-2 A f i aFAE 3R T _ERIRRE TR AERIRTHREK 2

The stability of human-pathogenic viruses on surfaces has always
been a topic of special interest because with many virus infections,
the respiratory pathogens can be transmitted not just through the air,
but also via surfaces. In a previous overview published by Kramer et
al, it has already been proven that the stability of human-pathogenic
viruses on surfaces differs greatlyl In general, we can conclude
that enveloped viruses with a lipid membrane are significantly less
stable than non-enveloped viruses. Factors that are key to the stability
of a virus in the environment include the potential addition of
protein and blood, the temperature, air humidity and the type of
surface. According to the overview by Kramer et al, enveloped
viruses from the respiratory tract area and viruses that are
transmitted via the blood (HIV, hepatitis viruses) are inactivated on
surfaces in a matter of days, while non-enveloped viruses — which
primarily come from the gastrointestinal tract — can survive for weeks
and months. ! A\ BEURMREEETERE ERREE M — R A PR RIE S
78 R ERT % R RE RSP » IR E R R A TME AT DUE A 2 5 (% - & ]
L@ EHE © fEKramer® A eI SRS - BRI\ ZUR1ER
FERE IR EERARK o SRR » TN LIS HindEs - WEleE
MR BB R LR B RSARE I AR S - E - BB EIRIET
RRE VERBAZE D 2 (5 & O E AL AT AN » 10 - Z= SR AR E
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There is now widespread agreement that many SARS-CoV-2
infections are transmitted via droplets and aer-osols. This is why it
is important to maintain social distancing and wear masks to
contain the pandemic. However, in addition to these measures,
there are a number of other important hygiene rules that we must
follow. Disinfection hands with an appropriate disin-fectant is one
of the key pillars of our virus response. However, during the
ongoing COVID-19 pandemic, scientists have (rightly) raised one
question time and time again: where, how and to what extent could
surfaces in the vicinity of a person who has received a positive nasal or

throat swab for SARS-CoV-2 be contaminated? F{f » AMEERFE » 7F
% SARS-CoV -2/ 4 & B RF AR BN o B AR a
FE IR ELUBH A TR EERENR © (2 > BTSSRz - 8
WEEAERR S A BB AR AR o FEE SRS ST R RMRE
STERIBRBE S LS — « (AR » FEIEFEEITRICOVID-19 A THAR » BIE%
M CiEfE) —R O —ZthEg S —(ERIRE - — (B Sl s g A
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The data collected from the surfaces is often
based not on the detection of infectious virus
particles, backed up by cell cultures, but on the
presence of genetic material, which is detected
using PCR. One study from Wuhan showed
that with PCR, the virus could be detected in
patient rooms for up to 28 days.2 In another
study, 52.3 % of the samples collected in a
London hospital were found to contain genetic
material3 A study in Singapore produced an
un-clear picture with negative and positive
findings; PCR was primarily successful at
picking up signs of the virus in bathrooms.4
However, because the positive genome evidence
does not always correlate with evidence of the
virus in cell culture, there has been much
debate surrounding how relevant positive PCR
findings are when determining the required
level of surface disinfection and the potential for
that
frequented by a person who has tested positive.
An additional tool that could be useful in
analysing positive samples could be the Ct (cycle
threshold) value, which describes how many

been
5

contamination in areas have

PCR cycles are required to generate a positive
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During the ongoing pandemic, where there is potential for virus contamination in areas
frequented by patients with SARS-CoV-2, the stability of the pathogen is very important
because - as mentioned above - viruses have been shown to be present on surfaces. To
describe the stability of the virus, we can look back at historic data that has been
collected not based on SARS-CoV-2, but using other members of the Coronaviridae
family. The Coronaviridae family is a large family of approximately 39 types. In recent,
pre-COVID-19 history, we had already seen two members of this family — Severe Acute
(SARS-CoV) and Middle
Syndrome Coronavirus (MERS-CoV) - jump into humans. For this reason, the stability

Respiratory Syndrome Coronavirus East Respiratory

of coronaviruses on surfaces had already been tested before the current pandemic. 7E#F
HERIAIRATHAR > SARS-CoV -2 8 # 1T H LRENIM 5 FTREFF IR SRS 4t - WIR AR E EIEH &
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Stability data collected on the human coronavirus (HCoV-) 229 E before the
COVID-19 pandemic shows that the virus can remain infectious for periods from
two hours up to nine days, depending on the material. Find-ings based on other
members of this expansive family - including MERS-CoV, Transmissible
Gastroenteritis Virus (TGEV), Mouse Hepatitis Virus (MHV) and rab-bit
coronavirus — show residual infectiousness that can endure for up to > 28 days in
low temperatures. These studies were carried out on a number of different types of
surfaces, primarily steel, aluminium, wood, glass and plastic.®

Recently, however, the ongoing pandemic has led to the execution of more
targeted studies on the stability of SARS-CoV-2 on various surfaces, and to a
reluctance to rely solely on the historic data from other members of the
Coronaviridae family. An initial study showed that the virus remained infectious for
up to four hours on copper, up to 24 hours on cardboard and up to two to three

days on plastic and stainless steel.” #ECOVID-19 AT < HifE \EFHRFIEE (HCoV-) 229 E
FUERETIRRE MR RPN o BOFEE AT LIE L NRFBIO R AT PIFRIF RGN © BB
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Fig. 1: Graphical model of a coronavirus from the large Coronaviridae family. 38 B AT AR 2R H T RS ZE A B oA o

A summary of previous data also showed that the virus was
adequately inactivated on copper or copper oxide-coated surfaces
within four hours or within one hour respectively. In another study,
the virus was found to remain stable on hydrophilic substrates
such as ordinary paper and tissues for three hours. On other
surfaces, such as the fabric used for masks, it took up to seven days
for all traces of the virus to disappear. All of these studies took
temperature and air humidity into account. The studies were
carried out at temperatures between 21-23°C and at an air
humidity level of 40 to 70 %.® Another, very recent comparative
study carried out in Beijing in 2021 showed that, when an area
measuring 1 x 1 cm was contaminated with 10° TCID, /ml of virus
sus-pension, the virus could still be detected on many surfaces at
room temperature after seven days, with the exception of cotton
cloths and paper.” JcRiTSUBIHENRERR » 305 80 RITENE NFF PRI —/ [N
WTEHS S LB I R LT ST » TERS —THI TR - BB IERUK IR
B (CHREEARFIEAT) AT =/ o (ERAMSRE (BIANAA OB my )
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However, it is important to note that it is difficult to directly compare
the data collected in the studies carried out to date, because the test
conditions are too varied. {H/2 » EEAREEE - NG ELAL
REEE B HLESZ S B I EITHIRT USSR B -



e) A2 5N IRDS]

GRANDEVER BI()TECHIIOL()GY CO., LTD.

Chemical inactivation of SARS-
CoV-2SARS-CoV-2)1L 1%

As is the case with the stability data, many of the studies used to
draw conclusions about the inactivation of SARS-CoV-2 relate to
other members of the large Coronavirus family. Although the
members have not yet been directly compared, we can assume that
each member of the Coronaviridae family will respond in a
virtually identical way to chemical disinfectants. 2SR EREH—
% > AR ARBASARS-CoV- 200G /5 RHHIRT 2 A FEaR BT R
FRIEHAMR B AR o G H B R B TR (BRI
TEE TSN B RO BEIE R B B L ERH A RS PR -

New, more specific tests on surface disinfection agents will
certainly only need to be carried out with SARS-CoV-2 in
individual cases. When testing the virucides in chemical
disinfectants, individual apathogenic and highly reproducible
strains with high titre counts in cell cultures are generally used as
test viruses in quantitative suspension testing and in practical
testing under load conditions in accordance with German and
European standards. As we know, the Vaccinia virus is used
as a test virus for all enveloped viruses (“limited virucidal
activity”), which means that it can also be used to draw
conclusions about efficacy against SARS-CoV-2.10 4 » {E1E(H
BIETLT » A HEEFSARS-CoV-2 5 RN RFRIETHHY » HAME
A, - TELERH AR P R SR TR S B b B
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This means that the established German and
European system of using surrogate viruses in
disinfection testing, based on the Vaccinia virus, and
the category of “limit-ed virucidal activity”, remains
valid. A quantitative sus-pension test performed on a
chemical disinfectant on this basis, followed up with a
practical surface test, is an objective procedure to
ensure that tested and certified surface disinfectants
are used to inactivate SARS-CoV-2 in the age of
COVID-19. Surface disinfectants with great-er efficacy,
such as “limited virucidal activity plus” and “virucidal
activity”, can also be used to inactivate SARS-CoV-2.
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A report from change management: dispensing with

inner liners in sterile containers zk 5 & E & YR E -

Sabine Kaufmann This report does not discuss the advantages and

disadvantages of a particular ster-ile barrier
system. Instead, it is intended to encourage
readers to question existing processes and to
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decide, on clinical grounds, whether a change
would be sensible and could even add value to
the process. If you work in a central sterile
services department (CSSD)ZA#i& A ataiE M
TR AR RS © MEIR  E B TEEEREE B At
AR MR R EELUE G o E > &
EAT LB R I o AR ATE T S R A
M (cssp) T
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or in an operating theatre, you will know what a sterile barrier system is and what it
is for. The container as a rigid sterile barrier system and the liner as a flexible sterile barrier
system are both considered independent stable barrier systems. DIN EN ISO 11607 defines a sterile
barrier system as the minimum packaging that can prevent the ingress of micro-organisms

and that allows the product to be removed ase ticallx‘at its location of use.lﬁﬁ%m%tp ’A@H%
%Diﬁﬁﬁﬁi%ﬁ%ﬂ@u&”ﬁﬂ’ﬂﬁﬁﬁ o {E Ryl A SR TR PR A AR O 25 BRI A 2R P SR ERT B
AR R B B L AR E B AT © DIN EN ISO 1160715 SR R A E 2 b/ [V
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At Saarbricken hospital, in addition to soft-packaged sets, we primarily use sets
packaged in containers. Previously, almost all medical devices were wrapped inside
an additional liner inside the containers. This is a great example of continuing to do
something just because “thats how we’ve always done it” - but there was potential
to optimise the inner packaging is not needed and is not
required by any standard guideline.
points out that, “in accordance with DIN EN ISO 11607, no inner packaging was
used in any product testing and outside Germany, for example in the USA, Aesculap

process, because

or Container ~ manu-facturer Aesculap

containers are always used without inner packaging in accordance with FDA approval“.ﬂf
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When selecting appropriate packaging, the nature of the medical devices to be packed, the
user’s requirements and the transport logistics are all significant factors that must be taken
into account. User-friendliness and safety are also equally important considerations. User-
friendliness and safety play an important role during transitional periods; we must
consider how the removal of the inner liner will affect the aseptic presentation of the
medical devices in the operating theatre, and whether this change will have an impact on
how the users handle the product. FEEEEREAEN » SR RREEBIVEE » HFRZEDSK
s BE R L AH B ERRSR - AP AR 2 R R FE RN EERER - RN
> PRI Z 2 e BRI « 3P/ AS R IR A G AN (A R B i rh B R A Y
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Involve and train employees when changes are
made 1748 5 772 B T 22 Bl TS

In general, asking colleagues from other hospitals for advice and
listening to their experiences is always an useful exercise. After all, there
is no need to reinvent the wheel, and there are countless hospitals that
have already embarked on the same journey. Feedback from this stage
was consistently positive, which of course was very encouraging for us.
However, our top priority was to involve col-leagues at our own hospital
in the optimisation process and to explain the reasons why we were
taking this step — not to seek unanimous approval for the change, but to
promote acceptance and constructive criticism. Disman-tling existing
structures requires a sensitive touch. But ul-timately, if you want to be

able to assess the success of a change, you need to implement it. ¥ >
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Other parties, such as the manufacturers of the containers, can also
provide support during the change process. A set routine is essential
staff,
important. It is also helpful to critically study and assess the conditions and
the existing sets. The sizes of the containers and the mesh baskets and trays
they contain, and how this also
important considerations. From this analysis, you can derive a set of
recommendations for use that will help to facilitate and optimise

to prevent uncertainty among so specific user training is

affects aseptic removal, are

the transition. If it is difficult to remove the device without a liner
because there is very lit-tle space between the container shell and the
mesh basket, or because the set is very heavy, it is a good idea to check
whether it might be better to continue to use an inner liner for that specific
application. Safety is the top priority. ZAth77 » AN ZRHIELER] > tha]
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All changes take time and need to become established. This is why it is all the
more important to consult with the theatre team and doctors on a regular
basis. For example, the managers of our orthopaedics and trauma surgery
teams told us that they had to be very careful when opening the containers.
The seal had to be fully removed from all sides of the sterile container
before opening to prevent any part of the seal from falling into the set and
rendering the medical device non-sterile. P/ B8 CE 75 Z2HFH] » il B35
BT o B AR S e R e o AV B A R R B A R
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Doctors should also be involved in the change process, as they understand not only the
chang-es in handling practices, but also the potential effects on the success of an
operation. Could there be a higher risk of infections in patients if the inner liner is
removed? These kinds of concerns must be taken seriously. E5/E ¥R 3% 22 s BEE > (A
Rt FIANE T ARERIEREAVEL - M ELE AR FIRIREB R R - R ERA
- ARG E R & A 2 G LR BRI -

No change in infection rates/E4 2 88 (|

Users feel confident when a routine is established, and that takes a little while. At
this point in the change process, we brought the hospital’s hygiene team on board
to check the post-implementation infection rates in the relevant operating theatres
over a set period of time. After 18 months, there was no change in infection
rates at Saarbriicken hos-pital that
liner. Based on these results, we do not anticipate any increase in infection rates with correct
use IR > FIF GFEIR(E L B G EE — L - (R EEFE—RL
HMEE TEREERE R - LIS ERUE R R R T 2= B AR AR
Ao 18fE A% - EMT 2 E RIS AR A EIR R (L - IRIBE
BERES  HAPITEEHIERESE AT G RS -

correlated  with  the removal of the inner

Positive effects of process optimisationi7if2 &1t B F&iHk
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Leaving out the inner liner has made our process significantly leaner in a number
of areas. The reduced number of inner liners has virtually eliminated an entire work
step in the CSSD packing process. Working time is a valuable resource,
particularly  in chronically understaffed CSSDs, and the time saved can now
be efficiently utilised space required in the
CSSD been significantly reduced, and the operating theatre generates
less waste: using inner liners generates a lot of waste, as we do not use the liners for

else-where. The amount of

store  has

any other purpose (e.g. as surgical covers). And less waste means lower waste disposal
costs. In some cases, leaving out the liner even had a positive effect on the drying of
the medical device in the container. After checkingwith our steriliser validators, we

found that it was not necessary to revalidate the packaging process and

the subsequent sterilisation process. ‘& A EBHEFLMHOTRAZ T2 AR BN 15 BE 0
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Without a doubt, the most significant knock-on effect of this change is the

reduction in costs. Each year, we were spending approximately €20,000 on
liners. The constantly rising cost pressure in hospitals — which has only worsened during
the coronavirus pandemic that has affected the entire world - is challenging managers to
identify potential savings and cut costs, but also to be flexible and come up with new
ideasJ0000000O0O0O0OO0OOOOOODOOODOOODOOODGOOOOO

oboo0oO0o0Oz2000000000000000000COO0OOOOOCOOOOOO
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Of course, eliminating a consumable from the process without replacing it
will have a positive effect on costs. E 7R » {EIAEFHVEFRIEFEM T E
TR B A A LR -
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Depending on the number of containers the organisation uses, there is
potential for significant savings. At Saarbriicken hospital, we were able to
reduce liner costs by more than half over the course of a year. fR{E/E 5
R > ATREE IS ANBE S o fEREM = H b - HAFIRE
SRR RS M RRAS R (R —F LI E -

However, the drive to optimise must never come at the expense of the application
or of safety. In this case, the operating theatre staff were asked to change a well-
known process; a routine that had been established for years and that had always
in theatre will barely notice the effects of the
optimisation — which is why employee acceptance is all the more important with these
kinds of change processes. {E/& » AGENZ LR IEE I 8072 2= Ay REAGEATHAL -
FEEREFN T - BORFE TIEA B EUCRA AL : EAYET 1Sl H
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worked well. The users

g ZA

Conclusion i gm

After working through some initial teething problems, the removal of the inner liner
was well-received by the theatre and CSSD staff. The impact of the change has been exclu-
sively positive for Saarbriicken hospital. TEf#H | —SEER RIS FHIRE 2 1% > BIGEAT
CSSDE THIFH MR LFR T A - & LA EEEM T B H b 2R
HIRME S

What has not changed for the CSSD and operating thea-tre team is that the
containers must be regularly checked and maintained in accordance with the
manufacturer’s instructions. Only intact sterile containers guarantee that sterility
is maintained, regardless of whether or not the container includes a liner. EFHACSSD
FHRIE/ ETT S - IR AR LSRR E I SRR S - A
aE D EEHM - SRR A AR RERE IR IR R AL

e
DIN EN ISO 11607.

Results presentation: “Aseptic
presentation with containers without
an inner lining“, Daniel Betz, Sterilog GmbH.
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Anti-viral surfaces — testing processes and practical
relevance i & = m-HIEn i fI e i ik
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Virus transmission risks on con-
taminated surfaces

Alongside droplet infection and direct bod-
ily contact, viruses that cause respiratory
infection or diarrhoea are also often trans-
mitted through contact with contaminated
substances. If a patient is suffering from
diarrhoea, vomiting, sneezing or coughing,
surfaces in the environment may become
contaminated with bodily secretions that
contain the virus. The virus can then be
transmitted via contact with these contam-
inated surfaces and passed on indirectly to
others.

The risk of a virus being transmitted via a
contaminated surface depends on the virus
itself, the environmental conditions, the vi-
rus load on the contaminated surface and
how infectious the virus is. Infectiousness
is measured based on various parameters,
including the minimum number of virus
particles required to induce an infection.
In the human noroviruses (which cause se-
vere vomiting and diarrhoea), the minimum
infection dose is around 10 virus particles!
and the virus remains infectious for days or
even weeks on porous and non-porous sur-
faces.? This means that there is a high risk
of norovirus transmission via contaminat-
ed surfaces. In the case of the SARS-CoV-2

human coronavirus still circulating at a pandemic level,

the minimum infection dose is estimated to be between

a few hundred to around 1000 virus particles.’ The

number of virus particles required to cause infection is
significantly higher than that of the noroviruses, which
means that the risk of SARS-CoV-2 being transmitted
via contact with contaminated surfaces is significantly

lower. However, various studies — often using PCR as

the detection system - have shown that SARS-CoV-2
can remain active on surfaces such as metal, glass, plastic
and textiles for a number of days.*>¢ Alongside targeted
disinfection measures, anti-microbial surfaces in public
areas and healthcare environments could help to prevent
the spread of viruses, which would be particularly useful
during epidemics and pandemics. This idea is supported
by a recent publication which proved that coating sur-
faces with cuprous oxide bound with polyurethane can
reduce the virus titre of SARS-CoV-2 by around 99.9 %
on a range of surfaces.” The United States Environmental
Protection Agency (EPA), too, recently announced that
anti-viral products could be used on an emergency ba-
sis under certain circumstances during the COVID-19
pandemic (https://www.epa.gov/coronavirus/there-any-
thing-i-can-do-make-surfaces-resistant-sars-cov-2-cov-
id-19).

Anti-viral surfaces

There is already a huge range of anti-viral surfaces avail-
able, and the selection is growing all the time. The spec-
trum ranges from intrinsic surfaces with anti-microbial
properties from materials such as copper, silver or gold
and functional surfaces with a modified micro-structure
or nano-structure, to surfaces that contain an anti-mi-
crobial substance (e.g. titanium oxide or copper oxide)
or that are coated with an anti-microbial substance (e.g.
peptides, organosilanols). The function of an anti-viral
surface is based either on its ability to directly repel the
relevant micro-organisms so that they cannot adhere to
the surface, or to inactivate the pathogens as soon as
they come into contact with the surface (see Fig. 1).

Test procedure to determine the anti-viral
activity of surfaces

There are currently two ISO standards that we can use
to measure how effective an anti-microbial surface is
against viruses. ISO 21702:2019-05 is used to measure
the anti-viral activity of plastics and other non-porous
surfaces® and ISO 18184:2019-06 is used to determine
the anti-viral activity of textile products.® Both stand-
ards use quantitative germ carrier testing in standard-
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Fig. 1: Active mechanisms of anti-viral surfaces (adapted from Felix Siedenbiedel and Joerg C. Tiller — Antimicrobial
Polymers in Solution and on Surfaces: Overview and Functional Principles, Polymers 2012, 4, 46-71; https://www.mdpi.

com/2073-4360/4/1/46/htm).

ised conditions. The influenza A virus (H3N2): A/Hong
Kong/8/68 (ATCC VR-1679) (enveloped) and the feline
calicivirus, strain F-9 (ATCC VR-782) (non-enveloped)
are listed as test viruses; other viruses may also be used
for tests under these standards.

In tests carried out under ISO 21702, the anti-microbial,
non-porous test sample surfaces are contaminated with a
defined amount of virus suspension. The inoculated area
is then covered with a film and the individual samples
are incubated for a specified holding time (< 24 h) at a
relative humidity (RH) of = 90 % (see Fig. 2). With ISO
18184, a defined amount of virus suspension is applied
to an anti-microbial textile product (woven and knitted
fabrics, fibres, yarns, braids etc. => sample measuring 2 x
2 cm or 2 cm strands with a total weight of 0.4 g+ 0.05 g
per sample). The samples are then incubated in a closed
reaction vessel for a maximum of 24 hours at 25 °C. Once
the appropriate holding time has elapsed, the residual in-
fectiousness is determined by rinsing the surface with
elution fluid (for ISO 21702) or immersing the textile in
elution fluid (for ISO 18184). If there is a titre count re-
duction in the test sample compared to the virus control
sample (untreated control sample), it is possible to draw
direct conclusions on the anti-viral properties of the an-
ti-microbial surfaces in the tested conditions.

According to ISO 18184, an anti-microbial surface
has a good anti-viral effect if a titre count reduction of
> 2.0 to 3.0 log,, is achieved. If a titre count reduction
of > 3.0 log,, is achieved, the product is deemed to have
excellent anti-viral properties. ISO 21702, on the other
hand, does not define any thresholds for when a prod-
uct can be categorised as anti-viral.

The practical relevance of testing pro-
cesses

The advantages of ISO 21702 and ISO 18184 lie in the
relatively simple methods of implementation, high level
of standardisation and the associated high reproducibil-
ity of the results.

A disadvantage of both of the described methods is that
both ISO 21702 and ISO 18184 rely on the creation of
conditions - through the processes of inoculation and in-
cubation of the samples contaminated with virus suspen-
sion - that would not generally occur in real life. Placing
a film over the sample as prescribed by ISO 21702, for
example, will cause the virus suspension to be evenly dis-
tributed across the test surface to maximise exposure to
the virus suspension. However, this kind of evenly dis-
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Fig. 2: Inoculation of a test sample in accordance with ISO 21702.

tributed contamination is unlikely to occur outside of the
laboratory. Nor is the practice of incubating the samples
in a damp chamber (ISO 21702) or creating a damp envi-
ronment by placing a cover on the container (ISO 18184)
to prevent or limit the drying of the virus suspension an
accurate reflection of real-life conditions. It is also impor-
tant to bear in mind that the test processes are generally
carried out using samples produced on an unknown date
or on samples that were produced specifically for the test.
The results generated in the laboratory can therefore only
be used to make observations about the levels of efficacy
seen in the tests. They cannot be taken as confirmation of
long-term efficacy after multiple uses, multiple washes or
over extended periods of months or years.

Conclusion

Overall, both standards provide a good framework for
generating data on the efficacy of anti-viral materials,
even though the results achieved with the prescribed
methods of investigation are not directly applicable to
real-life practice. New and significantly more realistic
procedures must be deployed, or existing methods must
be further developed, to obtain directly applicable and
highly relevant information on the efficacy of anti-viral
surfaces in each application.
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Validation and routine control of processes in the H202

(hydrogen peroxide) steriliser

HR ORI e L ST P 2SR M TR0
During the validation and routine control of
VH202 processes, target values specified by the
manufacturer are measured, documented and assessed
using inde-pendent measuring technology, such as
pressure-temperature data loggers, in order to verify the
sterilisation conditions. The new high-precision

temperature and pressure logger from Xylem/ebro is ideal
for recording the vacuum test and the sterilisation
parameters of pres-sure, temperature and time. The data
logger operates in a pressure measurement range from 0.1
to 1050 mbar (0.1 to 788 Torr) with an extremely high
precision of +/- 0.25 mbar (0.1 mbar to 50 mbar
measurement range), making it the perfect choice
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Figl&. 1: Independent testing using the EBI 12-TP290 pressure-temperature data

when measuring the vacuum in H202 sterilisers. The data logger in the VH202 process. {515l 34| VH2 02 i FIEBI 12-TP290KE /1B

logger also measures temperatures to within +/- 0.1 °C

accuracy in a measurement range of 0 to 85 °C. tE={t=if%E
(LR VH2020 A BB AN B AR PERGAR S - (0BT R (BIANEET)
IR Sk ) BTELE RS E R H HEET IR - LSRRG - DUSSRE I
FEEE o Xylem /  ebrof# 2l A R EE AIIRE D RC #35 E i Rk it 72
IR LU BT - R ATV B2 0 o IIRRCERIERTED. 1261050 mbar (0.1
Z£788Torr) HYEES I EAEE NEST » B/H+/- 0.25 mbar (0.1 mbar®E50 mbar
AR ) AR EIRERE » (G ELTEH20208 e A5 ook 2 Al U 22 e B AR 8
2 o WERUSEDETE0E 85 ORI R A EIPIAIRIR A - KEFETE+/- 0.1°CZ A

Safe and automatic surface

decontamination with the Bioguell BQ-50
{55 Bioquell BQ-5031 742 4 M1 | B ST 4

Wi AC Seam EA T LA

Scan the code to visit the ebro products: {15 LIz ebroZE i :

quel

An Ecolab Solution

Fig. 2: Bioquell BQ-50.

With the Bioquell BQ-50 system, Bioquell is making its tried-and-tested 35 %
hydrogen peroxide vapour technology mobile. The technology uses hydro-
gen peroxide to eliminate all micro-organisms (bacteria (gram +/-), spores,
viruses and mould) on all exposed surfaces in treated rooms, leaving virtually
no residue behind.

The active vaporiser system has been proven effective in rooms up to 200 m?,
and can even decontaminate open drawers, cupboards and bathrooms with
the main area in a single cycle. Sensitive electronic equipment can also be left
in the room for treatment. The system actively removes the hydrogen perox-
ide at the end of the cycle to allow staff and patients to safely access the freshly
decontaminated area. The machine is easy to operate and can be swiftly trans-
ported between rooms using the supplied trolley.

Use biocides carefully, before use please carefully read the instruction manual
and product information

Further information is available at www.bioquell.com.
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In recent years, the number of manufacturers of
VH202 sterilisers has steadily increased, and the
technology is now supplied by var-ious European
and American providers, as well as a large
number of Asian companies. At the same time,
acceptance of VH202 ster-ilisers and their use in
German CSSDs has also risen AR » VH202{H %
ERELE R RPN R - SR E R A BN FOE
BB RS LUR K BATERM A TR AL o [FIN > VH202#%
TR 2 52 2 P e HCTEAEIB CSSD A (8 FR th A s

il e This varied manufacturer landscape is reflected
in the amount of variation between the VH202
processes  themselves. 7N[FBLE 1% /5 2 HE1E VH2021

RESZHIE#LE -

Unlike LTSF (low-temperature steam and formaldehyde) processes, which are

regulated in DIN EN ISO 254241, and EtO (ethylene oxide) processes, which are governed by DIN
EN ISO 111352, there is no standard that sets out requirements for the development and
validation of VH20O2 or for routine checks on its use as a sterilisation procedure for medical devices.

Instead, the general requirements of DIN EN ISO 149373 and E-DIN EN 17180% are used as a
framework. DIN EN ISO 254241 FEUEMILTSE (ERZSFIFEE) T2E/EDIN EN 1SO 111352H 8 ER]
EtO (GREKE) TEANE - VH202/Z 7 HER A R E R RN AL AR BRI EOE T H Hite E LU (FR R
TR o KM > FFDIN EN ISO 149373F[1E-DIN EN 1718048 — & ER{EBHESR o

Technical Committee TC 198, working group WG 16 at ISO (the International Organisation for
Standardisation) is currently working on a standard (ISO 22441). It is not expected to be published

before 2022. Unlike the well-known steam-based processes, it is not possible to perform purely

physical checks on low-temperature steriisation processes. To assess the performance of these pro-cesses,

bio-indicators must be used - alongside process parameter checks - to demonstrate that the test

organ-isms have been eliminated.

The physical parameters that must be achieved in the pro-cess are the basis for a sufficient level of germ
elimination. 15O (BIFFIEHE(LARA) AITC 198FTZ R G WG 16 TIFFHEATIEAERGEEYE (150 22441) © T
FHTN G E20225F 2 TR AT o BT RAIRI LR FISHIBRE R - T AT Re SRR B E TR Y B AR
7o By TAMEELERAIERE - LAY B DR e 2 Bk EACEIA AR TR

TEMERAE HEE BRI S BRI BRI R RSk PROEERE -

o Vacuum test cycle (based on manufacturer’s
specifica-tions) Bz AN (RBEERIHIE)

E-DIN EN 17180* does not define a daily
vacuum test, so the vacuum test must be used

and performed

in accord-ance with the

manufacturer’s instructions.E-DIN EN 171804
BEEFREHEZHE » FIy /B IR RS 0)3RA A

PUTEZEH -
S| L
] | NG
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Figl&l. 1: Vacuum test with test pressure JHIF=EE /] T Ay E 2=
#h< 2 mbar abs. (1.5 Torr).
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FiglHl. 2: Automatically generated vacuum test in accordance
with E DIN EN 17180; appendix D 6.24, result with ebro
Winlog.validation / Winlog.med analysis software. {R{§EDI  E
17180 H BN AR ELZ= I 5 Fi8%D 6.24 » {# Fiebro Winlog.validation /
Winlog.med M {15 HiFHE R

With VH202
performed, subject to manufacturer approval (Fig. 1). The vacuum
test is a way to ensure that the machine is functioning correctly.

sterilisers, a vacuum test cycle is

Where available, it is carried out daily before work is commenced.
The process is the same as for steam sterilisers.
However, with a vacuum of up to 1 mbar and a leak rate of < 10 %
of the test pressure (e.g. 0.1 mbar/min), the parameters of the
vacuum test differ significantly from the same test in the steam
steriliser (Fig. 2). #HA VH2020 %5 » ZLEITE 2= GG - (HE5E
SOERIER (1) - BRI E R E TR — T - £/
TR T » BRAE LERRIA ZADEI TR A - BB BRI A 2R
EEIR
B » TEEZE %] mbar EIIRZS VORIEUEE 191096 (14110.1
mbar /min) I » BZREH 2 EECRURE SR E A R AR
(E2) -

o Sterilisation cyclesJREHETH]

Sterilisation cycles vary between different machines and
manufacturers, with different numbers of process steps and varying
durations of each step. Sterilisers must per-form a number of
sterilisation cycles to satisfy the re-quirements for reprocessing
medical devices. Figure 3 shows the structure of a typical
sterilisation cycle with VH2O2.IE BT FFIH R FIELE R 2 A
FRIE] » HpR s AP ER BT > 3 B EHEPERR FHETR Rt A [F - W&
FALBIT S EEEEEN] > DU S EREOE TR RO EOR o (B3
T B VH2 020 SRR IR A TG o



Cycle description ;E#Az5HH

1. Preparation (pre-conditioning) 5 ( FH/EFE )

In this part of the cycle, the air is removed from the steriliser
chamber. Introduced moisture is vaporised and extracted via
suction. The temperature is adjusted to the process condition.
The defined preparations take place for the specific process.
[EE— R HITEER > 22K TH R R TR R © 51 AR AL
M EEFHIRAREL o FREL T E TR o

BRI ERETTEE RN -

2. First vacuum step (conditioning) 55 — B ZZ P ( G AT )
The air is removed. The vacuum may drop as low as

< 1 mbar. The duration of the vacuum depends on the process.
During this stage, a “plasma’ is generated, depending on
the process and the manufacturer. This reduces foreign gases
and moisture to prevent the gaseous H202 from being bound
or degraded by other elements. ZE5&HIETR o FL2=2FE AT BE EFE(K
ZE<1 mbar © FZEMFHER FHGATSEE o EILREEL - R EEN
BLET R ST o WD TINRERERIR Y - DA kSRR
H2020 AT ARG BEAZ -

3. Vacuum steps HZEHEE

The air is removed. The vacuum may drop as low as

< 1 mbar. The duration of the vacuum depends on the process.
ZERAAERR « BZEEATREGIERZE <1 mbar © EZER)FHEIFHEHUR T

i

4. Sterilisation/} 5

At the start of the sterilisation process, the H202 is va-porised
and fed into the chamber. This action increases the pressure in
the chamber (20 mbar). The duration of the step depends on the
process. (EIRENEFEBIIARF - FHH20205 LI AWE ZE © IIRFer
BEPNIEEE (20 mbar) HRIEET] o WERRORFREIF U AE -
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5. Diffusion ###(

The pressure in the chamber rises and the H202 is diluted. This is when

the H202 is split.

Three different processes may be used to split and re-move H202:

P AR BT » H202001% © 18R FH2027 FRIIH]

AT LA = RN R 75 BT 5FRH202 -

a. The simplest process is based on the assumption that H202 is not stable and will degrade by itself.
These processes draw the H202 out of the chamber using suction and direct it into the drain. 5 fii&
HOBFEE R H202 B E I B & BATIRARAORER - 18 @R I H202 I = - ARG HF EEIFK
B e

b. Another process involves using ozone (O3) as a ca- talyst. In this process, the H202 is split
into water (H20) and oxygen (O2); the additional catalyst in-creases the process costs. 5 —{f:
W REHARE (03) (FAMALHE - TEHEEF » H2020M# f7K (H20) FIFRR (02)  FHIMNNEALHEINY
PO FRAZRLAS ©

C. The third process involves the use of plasma. In this process, strong electromagnetic waves
(microwaves) are used to split the H202 into water (H20) and oxygen (O2). There are two options
for this process: the radiation can be generated in the chamber or, ideally, in the chamber drain. This
second option protects sensitive instruments and allows metal sieves to be used. 55 = {E:BF2H K T84
HOMEAT o (EMGEIZ A - BEFEERIE (P KH20200 %7K (H20) FIESR (02) o HOBI2A mifEE
i% ¢ A DIERE = SRR UL T ERE R oK O PR AR EaST - 55 —(FEE ] (RAERURER S - A eFF e &8
B ©

6. Desorption JEHf
The final remaining residues of H202 are removed. R =R EFIERITH202

7. Ventilation 5
Pressurised to ambient level and end of cycle. /1B % & B ER IR /K Il SRAGIR -

Pressure chart VH202 Flex programme in Steelco PL 130
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Note on cycle description: steps 3 to 5 are repeated multiple times,
depending on the process. B E AR ERIE - PE3ESHES X BRI
FARAR

Parametric approval Z2 8t 4

As is the case for all low-temperature processes (LTSE, EtO), sterility

must be demonstrated through micro-biological and parametric
testing. Parametric testing ensures that the machine also works
within the spec-ified range. To conduct these tests, you need to
know the process parameters (Fig. 4).

During parametric testing, the pressure, temperature and time are

documented. From the pressure data, the Antoine equation can be
used to verify that vaporised H202 is present in the chamber. £2f5

{EIRARE (LTSF > EtO) —H¢ » AW/REEMAEY N2 BB G R 1 o 2808 R

PRI EHREEAR A LAF - BBt > BRE T AR Y (E4) -

TEL BRG] - FEACEREES) » (ELLANRER o ARAREE I H% - W] LAGE A Antoine /722K
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FiglE. 4: Temperature and
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This equation applies to pure substances, but it can also be used as an ap-
proximation to generate figures for the various concen-trations of H202
fluids. Many processes sterilise in a range of 9 to 10.5 mbar (7 to 8 Torr)
and at temper-atures around 50 °C. In such cases, the vaporisation
temperature is around 45 °C (Fig. 5). This ensures that there is VH202 in the
chamber. As the fluids used are not pure H202, the flash point is reduced. If
the item being sterilised is too cold (sink) or the material creates suction (e.g.
silicone), the amount of free VH202 in the chamber is reduced. It is no
longer possible to perform reliable sterilisation and the process will cause the
chamber pressure to fall. If the pressure remains stable during the sterilisation
phase, this is a sign that sterili-sation is taking place reliably. &% 77228 FF* il
WrE - (BRI DURERER LR H20201 R & TR EE R © 375 @i27E9F010.5
mbar (7E[8Torr) KGRI AR AHIS0°CHIREE TINE - fEERHILT » 3L
FE#IRy45°C ([8]5) © BHRATRHERIE R PIE VH202 » B R RO RS2l

H202 » FMPIBSFRE T - AREHFHY)S LS (TI0) S RIEER S (Fla
TsthE) - HIbEE NEEEEVH202 = &Y o TEFTRESIT ATSEAIHES - I HE%
SRR S B = B ST T W o ANRAEIRE RS BB T CRFFARE - HIRIIE W ST T
AT
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Routine checks fillf TiiZs

The most routine check is the daily

vacuum test using independent measuring technology. For rou-

important

tine checks, low-pressure data loggers that operate in a
range from 0.1 to 1050 mbar (0.1 to 788 Torr) with an
accuracy of 0.25 mbar may be used. This measuring range and
accuracy are required to allow the fine vacuum to be
measured with the low limits of the process. Due to the
required level of accuracy, it is not possible to wuse a
standard pressure-temperature logger of the type used
when performing vali-dation on
washer-disinfectors, endoscope washer-disinfectors, LTSE
EtO or vapour sterilisation processes. 5 B E {11 THi & =2 {5 A 18
SCEIE SR B B2 o Ry TEIT R SR - W LAEAfE0.1E
1050 mbarZ [ (0.12788Torr) FEEIR » #5E A50.25% EU I {EEERHR
FLERER o BRI EEE R » A RE DUBERA B2 R A 24
AZE o R EORIIFEEKT » RIERE T ARG PRI/ - st
TEUEIHRESS » LTSF » EtOBUKISIH & e T B Tha A A RRIRF 6 1
FHOERERE R AL SR AR AU ©

routine checks and

Process documentationifitf2 S {4

There are chemical indicators for monitoring the pro-cess
in H202 Further
function and mode of action of theseindicators can be

sterilisers. information on  the
found in the article by Brian Kirk published in Zentral-
sterilisation — Central Service, issue 4/2020.° AALEHERA TR A
H202J R B HEAE o BRELIEERDRENER T AN ELF R »
##22 A Brian KirkfE“ Zentral-sterilisation — Central Service”554/20208
FHEEFRI S EF -

Fig. 6: EBI12-TP290 pressure-temperature logger
for measuring fine vacuums. B
@6 : FARHIE B 22 EBI12-TP290EE /iR R 6%
7% -
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The process is documented using an appropriate indicator and the parametric testing
is conducted using an EBI12-TP290 pressure-temperature data logger (Fig. 6)./5

H I BIRI SR EEAE > A FEBI2-TP290E IR BIBGL AR 1T 2 A ([Ee) -

Performance validation /*

In the performance validation, the target values spec-ified by the manufacturer are
measured, documented and assessed using independent measuring technology, such as
pressure-temperature data loggers, in order to verify the sterilisation conditions. 7E4
REBRRE - BEFIRIL AN ERT (BN R EIRACHAS ) HELER IR ER B R (g T
BIE - FCERAIRTGG - LUBBREIRE IR -

- Basic process for a performance validation: 14 BEB#RE IR ATAZ ¢

- Record and document vacuum test. 32 #%lli 3t 8% 2 225

- Record and document the temperature-pressure profile of each process used.
FLERAEC SR AT (5 FH B A (AR VR L -BE 7 b R

- Compare the determined parameters of pressure, temperature and time with
the cycle descriptions pro-vided by the manufacturer.

The compared measured values (Fig. 7) can be used as test criteria in the
automatic parameter checks per-formed with the data logger during process control,
for the purposes of parametric approval - J5HEEHEE ) » IR 2 B R BLE RG F (Y
JEV AR T LB

- RS EAHER B Y fEERE G - BRIk —ERTR BB 2B ET -
HOHIE(E ([E7) ATRIRRERYE o

B ! Ergebnis - X

Bestanden BE#

Kriterium. Sollwert Ist-Wert

B+ Vakuum 1

@ Dauer == 00:02:00 00:04:12

@ Grenzwerte [Druck] =10 00 mbar 0.20 . 680 mbar
e+ Sterilisation 1

4@ Dauer == 00:01:50 00:06:28

@ Grenzwerte [Druck] = 30.00 mbar 9.90 . 2520 mbar
=@ Diffusion 1

@ Dauer == 00:01:50 00:04:11
& Vakuurn 2

~@ Dauer == 00:01:00 00:01:02

@ Grenzwerte [Druck] < 10.00 mbar 1.00 ... 520 mbar
£ Sterilisation 2

@ Dauer == 00:01:50 00:06:29

@ Grenzwerte [Druck] < 30.00 mbar 8.10 ... 25.00 mbar
=@ Diffusion 2

@ Dauer ==00:01:50 000411
@ Vakuum 3
@ Sterilisation 3
@ Diffusion 3
@ Vakuum 4
@ Sterilisation 4
@ Diffusion 4
@ Desorption/Beliftung

Fig. 7: Result of the automatic analysis with target and
ac-tual values in the ebro analysis software
Winlog.validation.

[E7 : TEebroH#k{FWinlog.validationtH {5 Fi HiZ{EE
PRECEST BB D HTHIRER

\V/
AN
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Figl&l. 8: EBI12-TP290 and EBI12-T220 in an H202 steriliser. fEH202# %% {1 #IEBI12-TP290FIEBI12-T220 -

For the routine checks: 217N THGES -
- Record and document the vacuum test each working day

using the data logger.
- Use the data logger to perform regular parametric
checks of the sterilisation processes used.

- Compare the values with the values determined in the

performance validation.

< FEEHIA TF H {3 BT AR AR AT SR AL SR 22 IR o

- {5 PR AT SR 2 PR O I A T AR 2 b

- IS e BV REBRRE PR RE AO (A T L -

Routine and validation measuring technology
47 FR 2 52

Due to the extremely low vacuum and the strong elec-
tromagnetic waves, the standard data loggers used in
steam sterilisers or washer-disinfectors cannot be used in
VH202 sterilisers. To achieve the extremely high levels
of precision required in the fine vacuum, only special

data loggers such as the EBI12-TP290 may be used. Hift
A 22 P AT ARG, - 28R D B B DT 2 3 P o FA A e e A
SRR VH202E B o B TEIBEEEIFEOBEEE 0 Rk
{5 PSP R BRECR 1% > FIANEBI12-TP290 ©

These
electromagnetic radiation and boast a very high level of

special data loggers are not sensitive to
accuracy of +0.18 Torr in the critical range (0.5 to
10 Torr) and beyond. ;gL BRAHIET#k % S B MR BUE - A

ELTERRSEIE (0.5%10Torr) 3 i i [ Y 275 i =i 19018 Tor M

A pressure data logger designed for use in a steam ster-
iliser, with a tolerance of +20 mbar (+15 Torr), will pro-
duce errors of +15 K if it is used to calculate the vapori-
sation temperature of H202 in a fine vacuum - if it can
even measure to this degree of accuracy in this range,
which is unlikely. A special pressure logger with an ac-
curacy of £0.18 Torr (+0.25 mbar) will be accurate to
within 0.3 K when calculating the vaporisation tem-
perature. This corresponds roughly to the margin of
error that can occur with steam sterilisation (+20 mbar=
+0.25 K at 134 °C). N3G IR ZIS IR G S0 B B ac sty
[AFER#20 mbar (+15 Torr) » MIARGHEH202/EA RS PHIZRFHR LS
@REEL1S  KIVRE - RIFMEZERE- MR EEE] UEEEANZDNE
TERSHERE » ARTFTRER o FENSILIBAERT » FEME Fy+0.18FE (2025
mbar) WVRFREENEOSHBAEIETER£0.3 KA o EREEER ARSI
IFATRERE A AR ZE 4R (TE134°C T A4+20 mbar =£0.25K) ©



Standard-compliant temperature loggers with flexible
metal probes, such as EBI12-T220 (Fig. 8), may be
used as additional temperature loggers during
validation. The temperature sensors and elec-tronics
are not sensitive to electromagnetic radiation.
Significant temperature differences within the load can
cause the pressure inside the chamber to fall. This is
because too much VH202 condenses in these areas,
which reduces the concentration process in the cham-
ber and disturbs the sterilisation process. A further
complicating factor is that in a fine vacuum, the me-
dium required to distribute the temperature is almost
completely absent, making it very difficult to talance
the temperature. Overloading or the presence of ma-
terials that generate suction, such as silicone, can
have the same effect. B8 » # VL BIFRANRF & (48
WO RC R - BIANEBII2-T220 ([ls) - AT LUF 1 H: Atk 4 i 4%
85 o L EE (B RE ARV R 3% (1 FE RS URS - B RKPIR AR 7
ATREH B NIIEE ST T I © 38R R KZ HIVH202 7515 S i
BRGS0 GEURD T R PRSI TR T WEDRE o B —(E
EFE - EREZET » B TEREDATFEONE - HIRE
SRR o SEEEE AL IR (FIARIENE) WIREE A
IR -

In conjunction with the automatic analysis
software Winlog.Med / Validation, it is possible to
reliably  monitor
documentation. f# E#437#FWinlog.Med / Validation * A

LI bt {5 22 Bt e SCHE o

parameters and  compile

Conclusionfi&f

In order to demonstrate reliable and reproducible
sterilisation results, it is essential to use independent
pres-sure-temperature data loggers for parametric
testing during routine controls and performance
checks. % T BRI SR A] BRI - (£ BTERIFIERE
EEEFLA WA LB i R B AU A T 2 B -
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. DIN EN ISO 25424:2020-05

Sterilisation of health care products — Low
temperature steam and formaldehyde — Re-
quirements for development, validation and
routine control of a sterilisation process for
medical devices (ISO 25424:2018); German
version EN ISO 25424:2019.

. DIN EN ISO 11135:2020-04

Sterilisation of health-care products - Ethy-
lene oxide — Requirements for the deve-
lopment, validation and routine control of

a sterilisation process for medical devices
(1ISO 11135:2014 + Amd.1:2018); German
version EN ISO 11135:2014 + A1:2019.

. DIN EN ISO 14937:2010-03

Sterilisation of health-care products —
General requirements for characterisation
of a sterilising agent and the develop-
ment, validation and routine control of a
sterilisation process for medical devices
(ISO 14937:2009); German version EN ISO
14937:2009.

. E-DIN EN 17180:2017-12 (draft)

Sterilisers for medical purposes - Low-
temperature vaporised hydrogen peroxide
sterilisers — Requirements and testing; Ger-
man and English versions prEN 17180:2017.

. Zentralsterilisation — Central Service,

4/2020

An assessment of chemical indicators for
monitoring sterilisation processes with
vaporised hydrogen peroxide (VH202)
By Brian Kirk, Sterilization Consultancy
Group Ltd.
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Accurately assessing and analysing surface changes: residues
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In clinical practice, the surfaces of medical

devices may change over time as a result of

mechanical, chemical and/or physical (e.g.

thermal) influences. The causes of these sur-

face changes can normally be traced back to

the treatment process, provided they were

not caused during use. Should surface chan-

ges occur, a systematic sequence of steps

must be followed for rectification and prevention.

« Locate the type, origin and cause

o Assess the risks

« If necessary, follow the manufacturer’s recommendations
for prevention

« Determine avoidance measures and conduct a new per-
formance qualification if necessary

The example surface changes that most commonly affect

metallic instruments made from stainless steel and/or pro-

ducts made from plastic or rubber are based on the system

described above.

Films on metals caused by process
chemical residues

Depending on the amount of residue, the instrument
type and the surface properties, light to dark-grey films/
discolouration may appear across the entire surface, in
patches or in specific areas. The process of sterilisation
may make these marks even more visible.

Fig.1 Surface with visible
residues.

Fig. 2 Suitable load carri-
ers for cleaning and rinsing
ophthalmic (Miele A207)
instruments.

Fig. 3 Incorrect loading/kidney dishes that have toppled
over.

Type of surface changes
Origin and causes

Often, a failure to remove process chemicals properly
during the interim and/or final rinse (due to areas being
missed or the machine being loaded incorrectly) is what
causes the surfaces changes mentioned above.

Recommendations for removal

The surface changes can be wiped away with a lint-free
cloth or removed by performing a deep clean using a
special acidic cleaning agent recommended by the ma-
nufacturer.

Preventive measures

Preventive measures should be taken to avoid surface
changes. Metallic instruments should be given a tho-
rough intermediate and/or final rinse using demine-
ralised water, and the load size and layout should be
corrected where necessary. The manufacturer’s instruc-
tions for disassembly and cleaning must also be strictly
followed.

Assessment of potential risks
With ophthalmic instruments, alkali and/or tenside re-

sidues can put patients at risk of irritation or chemical
burns.
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“3 questions for

3{EfERE. .

1. Why is instrument reprocessing such a complex topic?1.[%7%

1RGP 2 (T ATV 1R 2

In instrument reprocessing, all of the parties involved
(including the manufacturers of medical instruments,
washer-disinfectors, sterilisers and process chemicals) are
subject to specific requirements within the intended uses, legal
regulations and categories. The reprocessing steps “overlap”
between the parties.

This overlap only joins up with all the variables in the customer
installation. At this point, everything needs to work together.
And of course, instrument reprocessing is also subject to the
general chal-lenges of hygiene. When everything is working as
it should, hygiene is taken for granted; there is no increase in
infections and no surface changes to reprocessed products or
reprocessing equipment — everything is great. If something isn’t
right, things can become unpleasant and, usually, very hectic. 7£
AR - FrEW RATHE (BEERERIEH  HREE

& HEBINERR LS ) EERT S TRIAE - IREESEER
HORFEEOR - 7 2 MR BRIV B -

WEBEEE PR S ERSAE R - EE L —Y)
HEE—HLLME - BR > HERER B2 TR EE
B o B —UIERSETI > ATEREMTERI « R EER A1
I N T S B i I L3R R 22 T a5 6 S L ——DDERARAF = 20
REETET) » FEATREGEGH ATR - T EEH graieIERIC
ik o

2. How does the way we do things in Germany dif-fer from the
methods used in other European coun-tries? # (f17E (& EIHT 15
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The criteria that apply to medical devices and their reprocessing are
largely governed by European standards and regulations. Other
countries also have a clear understanding of hygiene and infection
prevention. &M BRI HAR B IRAIRHEEAR 2 %
%Zyﬁ@ﬁ%ﬁ%i o Hufth[ 52 th A AT RGBT MY

There are differences in some of the details, such as specific
holding times or processes for removing prions, which are graded
differently in different countries. However, there is a basic
common understanding, which is promoted by a number of highly
(e.g. the WFHSS and the
Instrument Reprocessing Working Group AKI) and through
dialogue between the parties. TEFLERIHT EF/ERR - FIAVEERIR
TR RIS ERRRBRBIE - TR Z/ME DR TR - B2 - FEE
—EEEAR S FEAE - EREER R EBEEZ A E (1
WFHSSHIRE#R (2 IR TAFAHAKD) F1# 77 ZHIREEEATHEEIARY -

active international committees

3. What would you improve if you were able to? ZII%R i] LIAYES + 1
BETE ?

That's an easy one to answer: I would reduce com-plexity. It
would be great to be able to just put an in-strument down, wait a
while, and that’s it. But unfor-tunately it’s not that easy. On the other
hand, we can now structure reprocessing in a way that is flexible
and adaptable, for example with a range of adapter solutions and
modular combinations. I would like to move close to full process
control with complete fulfilment of all of the requirements of the
various parties, including water quality. As part of this, we need
validated,
quality monitoring system. This means not only implementing

reproducible processes and process indicators as a

end product controls (such as cleaning or sterilisation indicators)
but also in-process controls for other relevant parameters,
utilising the technical equipment available to us (e.g. 4D sensors)
supported by modern digital solutions. . E{R% ZEZ : H e 1HHk
M o BESUIT SR TSR A BERAAFT » (BREAE - BlAE
Gy o =77 » BUMBAER] DUABE EHLE FE 58 r 77 2R G (R iR B -

BIANE A — R FERC as AR /7 AR LA & © BRBGE 2B
il - FRFE 2R & T AATE R - BHKE - TEidkE ﬁiﬂai
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