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Reduced susceptibility to co-amoxiclavischerichia coliSalmonella
typhimuriumandKlebsiella pneumoniaisolated in Romania between
1985 and 1993

F. Espinas$eR. Gheorghifj A. Poiatd&, R. Labi& and M. H. Nicolas-Chanoife

3Service de Microbiologie, H ™pital Ambroise ParZ, FacultZ de MZdecine Paris Ouest, 92100 Boulogne,
France®Department of Microbiology, University of Medicine and Pharmacy, lasi, Rom&mRS URA
401, Museum National dOHistoire Naturelle, 75005 Paris, France

By determining the p-lactam susceptibility of Enterobacteriaceae isolated in Eastern Roma -
nia from 1985 to 1993, three Escherichia coli , three Salmonella typhimurium and one Kleb -
siella pneumoniae isolates with reduced susceptibility to co-amoxiclav were found. The
antibiotic susceptibility of the isolates and their E. coli derivatives, and kinetic values sug -
gested the following resistance mechanisms: hyperproduction of TEM in S. typhimurium
limited antibiotic uptake in K. pneumoniae and OXA production in one strain of E. coli.
Despite a normal f-lactamase activity, the two remaining  E. coli strains and their derivatives
were less susceptible to co-amoxiclav.

Introduction (E. coli, Salmonellsspp. andKlebsiellaspp.) were found
with reduced susceptibility. The present study was under
B-Lactamase production is the most important mechanigaken to gain more insight into the mechanisms involved
of bacterial resistance t@-lactam antibiotics. To over in the co-amoxiclav resistance of these strains.
come penicillinase productiop;lactam antibiotics which
are not hydrolysed by these enzymes, ghldctamase M aterials and methods
inhibitors (clavulanate, sulbactam or tazobactam) have
been developed. In Western European countries, @
amoxiclav was introduced around 1985D1986. As early 38
1987, amoxycillin-resistant isolates dEscherichia coli Seven clinical isolates of Enterobacteriaceae with reduced
less susceptible to co-amoxiclav were describdthur susceptibility to co-amoxiclav were analysed. These were
mechanisms oE. coli resistance to co-amoxiclav haveoneK. pneumoniaéstrain 40) isolated from the urine of a
now been reported: hyperproduction of TERAlacta- patient hospitalized in the gynaecology hospital of lasi in
mase< modibcation of the outer membrane protein limitt991, threeE. coli strains E. coli P isolated from the
ing the uptake of the antibiotic combinatidproduction urine of a patient hospitalized in lasi in 1990, éadcoli
of OXA-type enzyme® and production of IRTB-lacta- 912 andE. coli177 isolated in 1989 and 1993, respectively,
mases derived from thg-lactamase TEM-1 by variousfrom stools of healthy carriers of lasi and Vaski) and
amino acid substitutiorfs threeS. typhimuriumstrains (76, 77 and 78) isolated from
Co-amoxiclav has been used in Romania since 198@ools of healthy carriers, with two in 1987 in lasi and one
The microbiology laboratory of the University é&si, in 1985 in VranceaE. coli J53-2 resistant to rifampicin
serving as reference centre for Eastern Romania, det@as used in the mating experiments.
mined the g-lactam resistance of approximately 1500 The species were identibed using the API 20E system
Enterobacteriaceae which were collected by sevébioMZrieux, Marcy IOEtoile, France) and the serovar of
regional laboratories from 1985 to 1993. Seven isolat8almonellaby using a slide agglutination method (Sanopb
belonging to species normally susceptible to co-amoxicl&iagnostic Pasteur, Marne la Coquette, France)

cterial strains
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Susceptibility testing especially of the two isolated in 1987 in lasi, cannot be
. D . excluded.
The susceptibility to 18 antibiotics was determined by theAII the S. typhimuriumisolates and twe . coli isolates

disc agar diffusion method using Muellerb Hinton .
. L . (P and 912) produced A-lactamase with a Ipof 5.4
medium (bioMZrieux, France). MICs a@moxycillin and co-migrating with TEM-1 whileE. coli 177 produced an

clavulanic acid (SmithKline Beecham, Paris, France), aloré%z me of p 7.7 which was able to hydrolyse oxacillin
or combined in a rati@:1 were measured by a two-fold y ! yaroly

agar dilution method with an inoculum ofdiu per spot. (Table 11). TheK. pneumoniaestrain 40 exhibited two

Zone inhibition diameters and MICs were interpretel%emCIIIIn G hydrolysing enzymes, one of .7 corres-

according to the recommendations of the Antibiogra%ﬁgdo'fng 204'{2(?_5:;r?::izsovﬂﬂlﬁé';ﬂcid?:?:;::?zeesgli
Committee of the French Microbiology Soci€ty. : g 9 y

ate the activity of the transferabfelactamase produced
_ by theK. pneumoniaetrain 40, the kinetic tests were also
Plasmid transfer applied on itsE. coli derivative. In this case, the enzyme

Plasmid-mediated resistance was transferred byugan ©f P! 5.4 had a lows-lactamase activitgimilar to that of
tion as previously describédThe transconjugantsvere thef-lactamase IRT-3 but showed<, value for pencillin

selected on agar containing ampicilin 150 mg/L an@ Similar to that of the nativdEM-1 (Table ). In
rifampicin 100 mg/L. contrast, thes-lactamase activitgisplayed by the TEM-1

co-migrating enzymes of the other clinical isolates was
. . . similar to or higher than that of the native TEM-1 (Table
p-Lactamase isoelectrofocusing and activity ).
Isoelectric focusing was performed in comparison with The residualp-lactamase activity measured in the
standard enzymes with the followind palues: TEM-1: presence of clavulanic acid was 9% with native TEM-1
5.4, TEM-2: 5.6; TEM-101: 5.15; SHV-3: 7; SHV-4: 7.8and 76% with IRT-3. Except OXA-1K. coli 177) which
The B-lactamase activity and the inhibitory action o&ppeared highly unstable in these experimental condi
clavulanic acid were determined, as previously repodrtedons, the transferable TEM-1 coigrating f-lactamases
on the crude extracts of the clinical isolates, tke of the clinical isolates showeda residual activity of 10%,
pneumoniaed40-derived E. coli and two E. coli strains like the native TEM-1 (Table II).
producing native TEM-1 and IRT-3, respectively. These results showed that only two types of transfer
able g-lactamases, OXA-1 and TEM-1, were involved in
the reduction of the susceptibility to co-amoxiclav of the
Results and discussion seven strains isolated befone € 5) and after i = 2) the
therapeutic use of this combination in Romania.
The seven clinical isolates and their respectivecoli Escherichia colil77 producing OXA-1 was isolated from
derivatives were resistant to amoxycillin and ticarcillinstools of a healthy carrier in 1993. Interestingly, stch
suggesting the presence of transferable plasmid-encoded strains were described at the same time in Western
p-lactamases (Table IEscherichia coliderivatives also European countriéSwhere co-amoxiclav was introduced
showed reduced susceptibility to co-amoxiclav (MPC much earlier.
4/2 mg/L) but with a MIC which was generally lower than Regarding the MICs of co-amoxiclav against their
that observed with the donor clinical isolates, especiallgspective derivatives, the reduced susceptibiliti ofoli
for the K. pneumoniaelO-derivedE. coli which was even P and 912 seems to be strictly related to the transferable
susceptible to co-amoxiclav by the disc agar diffusigftlactamase co-migrating with TEM-1. Nevertheless, the
method (Table 1). The further resistance markers thayperproduction previously described by Martihean
were transferred from the thre® typhimuriumstrains be excluded byg-lactamase activity values (Table II).
were identical (gentamicin, kanamycin, tetracycline, ehldnversely, the higher level of th@lactamase activity dis
ramphenicol, sulphamethoxazole and trimethoprinplayed by the thre&. typhimuriumstrains suggests the
while those transferred from the thrde coli clinical hyperproduction of the TEM-B-lactamase, which has
isolates were different: tetracycline frork. coli P, notyet been reported in this species.
gentamicin, sulphamethoxazole and trimethoprim fitem  Despite a transferablg-lactamase with an activity
coli 912, and chloramphenicol frofa. coli 177 (Table I). surprisingly ten-fold lower than that of the native TEM-1,
Another pattern of resistance (kanamycin, chloramphetie K. pneumoniaestrain, but not its derivative, was resist-
col and trimethoprim) was transferred from tkepneu- ant to co-amoxiclav. The resistance of thepneumoniae
moniae strain 40 (Table 1). The different transferabletrain to cefoxitin and quinolones, suggested decreased
resistance patterns allow the possibility of the sanpermeability as already reported in co-amoxiclav-resistant
plasmid spreading into different species to be excluddd, col® and extended-spectruptlactamase-producinig.
but in the case of the identical resistance pattern of theeumoniaé
salmonella isolates, clonal relatedness of these strainsin conclusion, this study suggests that the sameeha
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Table 1. Kinetic parameters of TEM-1 and IRTS3lactamases anftlactamases produced by strains with reduced

susceptibility to co-amoxiclav

Residual activity

p-Lactamase and Isolation Penicillin G in presence of Oxacillin
strain year p activity K, (rM) clavulanic acid (%) Vpax Kmn (M)
TEM-1 5.4 6175 27 9
IRT-3 5.4 960 10.3 76
S. typhimurium76 1987 5.4 11,300 28 6.3
S. typhimurium77 1987 5.4 10,080 28 6.9
S. typhimurium78 1985 5.4 11,075 28 6.4
E. coliP 1990 5.4 7231 27 7.3
E. coli912 1989 5.4 4120 27 7.3
K. pneumoniad0 1991 7.7,5.4 664 20 8.6
K. pneumoniae
40-derivedE. coli 5.4 710 22 9
E. colil77 1993 7.7 156 <5 ND 137 <7

ND, not determined.

nisms responsible for the reduced co-amoxiclav suscepti-Zhou, X. Y., Bordon, F., Sirot, D., Kitzis, M. D. & Gutmann, L.
bility in E. coli can be found in other enterobacteriall994). Emergence of clinical isolates of Escherichia coli producing

species such a&8almonellaandKlebsiella and, moreover,
in strains isolated both before and after the introducti

TEM-1 derivatives or an OXA-1 f-lactamase conferring resistance
to_S-lactamase inhibitors. Antimicrobial Agents and Chemotherapy

28 1085p9.

of co-amoxiclav. In addition, we found that normally pro

duced TEM-14- lactamase can be involved in reduce
susceptibility to co-amoxiclav ifE. coli. Further studies

are necessary to understand this bPnding.
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Bases of variation in resistanceftdactams inKlebsiella oxytoca
isolates hyperproducing Ki-lactamase

Roxana GheorghiyMeifang Yuan, Lucinda M. C. Hall and David M. Livermore*

Department of Medical Microbiology, St BartholomewOs and the Royal London School of Medicine and
Dentistry, Whitechapel Campus, Turner Street, London E1 2AD, UK

Nineteen isolates of Klebsiella oxytoca were examined, representing 18 distinct strains. All
were from a 1994 survey of resistance amongst klebsiellae in intensive care units in Europe,

and all had reduced susceptibility, or were resistant, to cefuroxime, ceftriaxone and
aztreonam, suggesting hyperproduction of the chromosomal K1 p-lactamase. We sought to
conbrm this mechanism and to identify why the levels of resistance varied between isolates.
Possible reasons for variation were differences in the quantity or subtype of the K1 enzyme or
differences in this enzymeQs interplay with permeability. Spectrophotometric assays showed

that all 19 isolates had K1-like f-lactamases and that these were present at  *15-fold higher
levels thanin f-lactam-sensitive K. oxytoca isolates. Fourteen of the 19 isolates had the OXY-2
form of K1 enzyme, while the remaining bve had the OXY-1 form, as determined by isoelectric
focusing and PCR amplibcation. Most isolates with the OXY-2 enzyme were more resistant
than those with the OXY-1 subtype, but this difference partly reBected enzyme quantity rather

than subtype. More generally, and irrespective of enzyme subtype, levels of resistance were
broadly related to S-lactamase specibc activity, and the degree of hyperproduction was a
major determinant of the level of resistance. Nevertheless, other factors had a role too: several
isolates had reduced susceptibility or were resistant to cefoxitin, which is not a substrate

for K1 enzyme, and examination of outer membrane protein probles revealed considerable
strain-to-strain diversity in the molecular weight range typical of the major enterobacterial
porins (40D48 kDa).

Introduction cefuroxime, ceftriaxone and aztreonam. Ceftazidime is
largely spared, distinguishing K1 hyperproducers from
Klebsiella oxytocatypically has a molecular class Aklebsiellae with TEM- or SHV-derived extended-
chromosomap-lactamase, often called the K1 or KOXYspectrum enzymesHyperproducers may occasionally be
type. This enzyme, which is placed in group 2be in BustsBtected during therapythough this is much rarer than
schemé and in class IV of Richmond & SykesO classibcthe selection ofEnterobactermutants derepressed for
tion? is distinct from the chromosomal SHV#lacta- AmpC g-lactamase.
mase typical ofKlebsiella pneumonigehaving greater During a survey of resistance at 35 European
activity against oxyimino-cephalosporins and lesser affimtensive care units in 1994. oxytoca isolates ( =
ity for oxacillins! Recently, Fournieet al® distinguished 248) accounted for 25.6% of all klebsiellae collected.
two forms of K1 enzyme, which they designated OXY-MNineteen of these isolates had antibiograms suggesting
and OXY-2. These give distinct band patterns upon isbyperproduction of K1 enzyme. Nevertheless, MICs of
electric focusing; and their genes can be distinguishedlividual s-lactams showed substantial scatter (Table),
using specibc DNA probes. and the present study sought causes for this variation,
MostK. oxytocaisolates have a low level of K1 enzymeseeking relationships with the quantity or subtype of
and are resistant to ampicillin and carboxypenicillins. K1 enzyme, or with the enzymeOs interplay with cell im
few hyperproduce the enzyme and are also resistantp@rmeability.

*Corresponding author. Present address: Antibiotic Reference Unit, CPHL, 6d@&leliAvenue, London NW9 5HT, UK.
Tel: +44-(0)181-200-4400 ext. 4223; Fax: +44-(0)181-200-7449; E-mail: dlivermo@phls.co.uk
Permanent address: Department of Microbiology, University of Medicine and Pamrr@Gr. T. Popa0, lasi, Romania
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Materials and methods axone, Roche (Basel, Switzerland); cefoxitin, Merck
Sharp and Dohme (Hoddesdon, UK); penicillin G, Sigma

Bacterial cultures (St Louis, MO, USA); nitrocebn, BBL (Cockeysville,
MD, USA).

Nineteen isolates df. oxytocawere examined. All were
collected during a recent survey of klebsiellae from
European intensive care unttand were selected as being
resistant or less susceptible (compared with typicMICs

K. oxytocd) to cefuroxime, ceftriaxone and aztreonam, Aj1Cs were determined by spotting“€fu from overnight
well as to penicillins, whilst remaining susceptible to cefta-

sidime and carbapenems. This pattern is tvoical of utrient broth cultures on to IsoSensitest agar (Unipath,
- P ' P yp asingstoke, UK) containing doubling dilutions of anti
hyperproducer$’/ Two cefuroxime- and aztreonam-

. : icrobials. Results were read after overnight incubation
susceptible strains (nos 710 and 1611, Table) from tW{e 37iC as the lowest concentrations to inhibit growth

same survey were included as controls, together W@}c])mpletely
K. oxytocastrains KOSL781 and KOSL911 as reference ’
producers of the OXY-1 and OXY-2 variants of K1
enzyme, respectively.

Isoelectric focusing

) Cells from overnight cultures on nutrient agar plates were
Molecular typing resuspended in 2 mL of 10 mM phosphate buffer pH 7.0,

Where multiple isolates were from a single centre, th&jen disrupted by brief sonication. The supernatants,
were compared by pulsed-peld gel electrophoresis, so a§k&ained after centrifugation at 12,@0tpm for 15 min,
detect possible replicates. Isolates were inoculated into\i®reé examined fop-lactamases by isoelectric focusfrig

mL volumes of ToddDH ewitt broth (Unipath, Basingstok@0lyacrylamide gels containing equal amounts of ampho
UK) and incubated overnight. The cells were thelnes (Resolyte, BDH, Poole, UK) of pH ranges 3.5D10
pelleted, resuspended in 0.5 mL of 10 mM TrisDHCI pH 72§d 5.0D8.03-Lactamase was detected by Booding the gel
containing 1 M NaCl, mixed with equal volumes of pulsed¥ith 0.5 mM nitrocebn in 0.1 M phosphate buffer pH 7.0.
Peld certibed agarose 2% (Bio-Rad, Poole, UK) at 5Oié-,Lact§mases of known pls were used as standards, and
and dispensed into plug moulds. These plugs were-in&@mprised TEM-1 (pl 5.4), TEM-2 (pl 5.6), PSE-2 (p! 6.1)
bated overnight at 37;C in 10 mL of 6 mM TrisDHCI pH 7.8"d SHV-1 (pl 7.6).

containing 1 M NacCl, 100 mM disodium EDTA, 0.5% Brij

58, 0.2% deoxycholate, 0.5%-lauroylsarkosine; 0.002%

RNase and 0.01% lysozyme then overnight at 50iC PICR of the KOXY gene

5 mL of 0.5 M disodium EDTA containing 1%-lauroyl- ) _
sarkosine and 0.005% proteinase K. Subsequently, themplate DNA was prepared by suspending four colonies
plugs were washed three times for 30 min in 10 mffom overnight nutrient agar plate culturesin 0.1 mL of TE
TrisDHCI pH 7.5 containing 0.1 mM disodium EDTA. FoPuffer (10 mM Tris pH 7.5,0.1 mM EDTA), and heating at

digestion, three slices of these plugs were incubatéf0iC for 5 min. PCRs were performed in 100 with
overnight with 20 U of Notl restriction enzyme GeneAmp PCR Core Reagents (PerkinbElmer Cetus,

(Boehringer Mannheim, Lewes, UK) in 2sL of the Warrington, UK), using 2.5 mM Mggl100 ng of each
buffer supplied with the enzyme. Electrophoresis was ®fimer and 100 ng AmpliTag polymerase together with
gels comprising 1% pulsed-beld certibed grade agarose-jitl Of template DNA. Primers for amplipcation of
0.5 x TBE (45 mM TrisDborate, 1 mM disodium EDTAP!@oxy.1 were as follows: CEGTGGCGTAAAACCGCC
buffer) and was run in a CHEF DRIl apparatus (Bio-Rad TG (corresponding to coordinates 999118 in the

at 6 V/em for 14 h with a switching time of 1D6 s. The gef§duence published by Arakaws al,” and GTCCGE
were stained with ethidium bromide 0.5 mg/lL an$AAGGTAGCTAATC (coordinates 508527 in the

destained in water for 1 h before photography. same sequence) giving an amplibcation product of
428 bp; those fomblagyxyp, were: AAGGCTGGAGAT
TAACGCAG (coordinates 595b614 in the sequence
Antibiotics published by Fournieret al) and GCCCGCCAAG

GTAGCCGATG (coordinates 731B750 in the same
Antimicrobial agents were obtained from suppliers a®quence) giving a product of 155 bp. The mixtures were
follows: aztreonam, Bristol Myers Squibb (Hounslowheated to 95;C for 3 min, then subjected to 30 cycles of
UK); ceftazidime and cefuroxime, Glaxo (Stevenag®piC for 1 min, 50;C for 1 min, 72;C for 1 min on a Hybaid
UK); cefotaxime, Roussel (Uxbridge, UK); clavulanatd hermal Reactor (Teddington, UK). PCR products were
lithium, SmithKline Beecham (Betchworth, UK); ceftri analysed on 0.9% agarose minigels.
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p-Lactamase hyperproduction in K. oxytoca

B-Lactamase specibc activity (not shown); otherwise, multiple isolates from the same

. . . .. centre gave different probles and were considered
Bacterial cultures were grown overnight, with shaking, in Jb§

mL of nutrient broth at 37;C, then diluted 20-fold into 20
mL of pre-warmed nutrient broth. Incubation was con
tinued for 4 h, after which the cells were harvested by ceiCs
trlfugatl(;n for 10hm|n r?t Sotgy)fa;nd 37iC, wasged once 'ZTHSe 19 isolates studied varied widely in their degree of
_10 mL of 0.1 M phosphate buffer pH 7.0, an resuspences istance, but were all 16- to 1024-fold less susceptible
in 1.5 mL of the same buffef-Lactamases were I|beratedtha

by t bursts of icati i itud Thei n the control strains to aztreonam, ceftriaxone and
y WO bursts ot sonication at ampfitude ﬂlﬁ". €I cefuroxime (Table), whereas susceptibility to ceftazidime
ability to hydrolyse 1 mM penicillin G, cefuroxime an

. . as reduced<16-fold. The behaviour of cefotaxime was
cefotaxime was examined by UV spectrophotometr_y ftermediate between that of ceftriaxone and ceftazidime,
wave_lengths of 235 nm, 264 ”m_"%”_d 255 nm, respectiv ith the MICs for the present isolates up to 32-fold higher
The light-path was 1 cm for penicillin G and 1 mm for thf}nan those for the controls, but stfl2 mg/L. Cefoxitin
cephalosporins. All assayswere_a_t_S?iCin 0.1Mphosph §Cs were 2D32 mglL, C(;mpared with 2D4 mg/L for
buffer pH 7.0.5-Lactamase activities were standardize e control organisms. Ceftazidime susceptibility was in

again_st protein content, as measured with the Micro BC eased by up to four-fold by the addition of clavulanate.
Protein Assay Reagent (Pierce, Rockford, IL, USA). MICs of aztreonam, ceftriaxone, cefuroxime, cefo
taxime and ceftazidime, but not those of cefoxitin, were
Outer membrane proteins correlated, so that isolates with particularly high resistance
F]o one of these agents were also resistant to the others.

be unrelated.

Starter cultures were grown overnight at 37;C wit
shaking in 100 mL of nutrient broth, then added to 1 L
amounts of the same broth, pre-warmed to 37;C. IneulfdrL actamase identipPcation

tion was continued for 4 h, after which the cells wer, : : ,
D . ost of the 19 isolates gave multigfelactamase bands in
harvested at 50@¢(and 37iC, washed once in 100 mL. of 3@oelectric focusing but, generally single major bands could

mM TrisbHCI pH 8.0 and re_suspended n 20 mL of tkbee identiped, with isoelectric points (pls) between 5.2 and
same buffer. These suspensions were chilled to 4iC a

d th i th haF h (s (Table). Isolates that gave a major band at pl 7.6 gave
2as_se Urebe Imel?. Urgt;\g ?1;%?)8 Ibpﬁret?]sure cet _( predicted 428 bp amplibcation product in PCR with the
fug]elr(]jcg'; 5(;095‘226 4',C for )10amin ’to remébe?jgggg r'-I|'hqlova_1 primers, but no product with the OXY-2 primers,

: ) L h isolat ith principgHact bands at pl
supernatants were re-centrifuged at 100gd00 30 min at ereas isolates with principftlactamase bands at pls

4iC to pellet the membranes. These were resuspende ,%h 56,59, 6.1 or 6.5 gave the predicted 155 bp product
i - 2 i ; .
10 mL of 30 mM TrisbHCI pH 8.0, to which was adde the OXY-2 primers, but no product with the OXY-1

. . ._primers (Figure 1).
1 mL of 20% sodium lauroyl sarkosinate. After standing I (Figu )
for 20 min at room temperature, the preparations were
centrifuged at 100,0@0or 30 min at 4;C to pellet the outerB-Lactamase specibc activities

membranes, which were resuspended in 2 mL of distillgd, except two of the 19 aztreonam- and cefuroxime-resis-

waéerfand sltorted ar;[ DZO?C'th : b tant isolates hag@-lactamase specibc activities exceeding
clore electrophoresis, the outer memorane prepa?ptmol penicillin G hydrolysed/min/mg protein, whereas

tions were adjusted to a protein concentration of 1 mg/n@he specibc activities of the cefuroxime- and aztreonam-

an_d_ mixed W|th_equal volumes of samgle buffer, eoo usceptible isolates 710 and 1611, and the reference pro
prising 0.25 M TrisBHCI buffer pH 6.8, 20 % glycerol, 10 %ucers of OXY-1 and -2 enzymes, were below 0,080

- 0 0
gmercaﬁtoetlhgrlwol, 1?; SI?]S z:_nd fatlig%t_ecdflA’lgqu_e%lé%icillin G hydrolysed/min/mg protein (Table). The
romophenol Bile. er heating 1o it tor mlnfemaining two aztreonam- and cefuroxime-resistant

15 uL volumes were loaded on to polyacrylamide gelg,| : L
. . tes, 864 and 1333, h t bc activi-
prepared as described by Hancock & Cafand run with olates, nos an Adactamase specibc activi

the buffers of Lugtenbergt al! Electrophoresis was a
30 mA as the samples traversed the stacking gel, the
60 mA/gel. Proteins were stained with Coomassie Blue

ties of 1.2 and 0.3wumol penicillin hydrolysed/min/mg
tqpn%tein respectively. Notably, these were the most cefox
tfresistant isolates but they had relatively modest levels
" of resistance to cefuroxime (MIC 32 mg/L) and aztreonam
(MIC 2B8 mg/L).
Results Relative hydrolysis rates for 1 mM cefuroxime ranged
from 2.2 to 14.2% of the rate for penicillin G, whereas
those for cefotaxime were 0.8D7.1% of that for penicillin
Isolates 1757 and 1785, from the same Italian hospit&l, The relative rates were unrelated to whether OXY-1 or
gave identical DNA probles and probably were replicat€sXY-2 enzyme was produced (Table).

Molecular typing
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p-Lactamase hyperproduction in K. oxytoca

7 9 1M

3kh
2 kh
1.6 kb

1 kh

Figure 1. Gel of f-lactamase gene PCR products for representative isolates. Lanes contain PQRtgasdfollows: 1, negative
control with no DNA added; 2, reference producer of OXg-thctamase wittblagyyp; primers; 3, reference producer of OXY-2
[-lactamase withblagxyp; primers; 4, isolate 715 withblagxye: primers; 5, isolate 864 wittblagyyp, primers; 6, 1 kb DNA
Ladder (Gibco-BRL Life Technologies, Paisley, UK); 7, reference producer of O)¥aZtamase withblagyyp, primers; 8,
reference producer of OXY-2-lactamase wittblagxyp, primers; 9, isolate 620 witblagyye, primers; 10, isolate 670 withlagxye;
primers; 11, isolate 680 withlagyyyp, primers.

Outer membrane proteins isolates. Hypothetically, variation might re3ect the amount

or subtype of K1 enzyme, or its interplay with other resist-

Outer membra_ne protel_n (OMP) prqbles Of the 'SOIatgﬁce determinants, and these possibilities were investi
are shown in Figure 2, with panel (a) illustrating those f%rated

organisms with cefoxitin MICs o£4 mg/l. and panel (b) Each of the 19 isolates gave multigldactamase bands

showing those for organisms with MICS_BB mg/L. For in jsoelectric focusing, and the principal bands from differ
both groups there was some scatter in the QMP ba ﬁJt isolates showed a wide scatter of pls, from 5.2 to 7.6.
patterns and intensities in the molecular weight range riable electrofocusing is typical of Kitlactamas® and
40D48 kDa. complicates its recognition. Nevertheless, like Foureter
al.,®> we found good agreement between electrofocusing
Discussion behaviour and enzyme genotype, in this case determined
by PCR. Isolates with principgHactamase bands at pl 7.6
During a recent survey of klebsiellae from Europeagave an amplibcation product withlagyyp; primers but
ICUS® we collected 19K. oxytoca isolates with anti not withblagxypoprimers, whereas isolates with pl 5.2, 5.6,
biograms suggesting hyperproduction of Bdlactamase. 5.9, 6.1, 6.5 enzymes gave a product with thayyyp,
The present study aimed to conbPrm this mechanism andténers but not withblagxyp; primers. Detection of
determine why the isolates varied in their levels of residtlagxyp; Or blagxyp, does not, of course, prove that K1
ance to substrates for K1 enzyme, specibcally aztreon&@nzyme is hyperproducedNaHl. oxytocastrains have one
cefuroxime and ceftriaxone. MICs of these three agerts other gene, which may be expressed strongly orfot.
were inter-related (Figure 3) and were also related to thdseidence for hyperproduction of K1 enzyme did, however,
of ceftazidime and ceftriaxone, which are weaker-subome from the observation of hightlactamase speacip
strates for the K1 enzyme and which consistently retainadtivities in most of the isolates, as compared with sensitive
antibacterial activity a&2 mg/L. By contrast, the MICs of controls, coupled with the relative constancy of the
cefoxitin, which is stable to K1 enzyme, remained indepehydrolysis rate ratios of penicillin G:cefuroxime:cefo
dent of those of the other compounds (Figure 3). Thaxime. The possibility that some strains had other
greater resistance to substrates for K1 enzyme implied tifdfictamases besides K1 enzyme cannot be excluded;
this enzyme was the primary cause of resistance but did secondary activities might have been masked by the
explain why resistance varied quantitatively betweesubsidiary bands of the K1 enzyme. Nevertheless, it is
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Figure 2. OMP probles oK. oxytocaisolates in relation to cefoxitin MICs. (a) Isolates with cefoxitin MICsdfmg/L: lane 1, iso-

late 710; lane 2, isolate 1611, lane 4, isolate 717; lane 5, isolate 1757; lane 6, isolate 188; lane 7, isolate 226; lan635,; isolate,

isolate 670; lane 10, isolate 715; lane 11, isolate 1005; lane 12, isolate 1785; lane 13, isolate 26. (b) Isolates with ¢E€mxifM

mg/L: lane 15, isolate 680; lane 16, isolate 1154; lane 17, isolate 1923; lane 18, isolate 1980; lane 19, isolate 453; lane 20, isolate 6
lane 21, isolate 768; lane 22, isolate 864; lane 23, isolate 1333. Lanes 3 and 14 contain the following moleculaaweghitrabbit

muscle phosphorylase B (97,400), bovine serum albumin (66,200), ovalbumin (45,000), bovine carbomniasen{84000), soya

bean trypsin inhibitor (21,500) and lysozyme (14,400).

unlikely that further enzymes contributed to resistance tolsolates with the OXY-1 variant were less resistant than
newer 3-lactams, both because of the consistency of thieose with OXY-2 (Figures 3 and 4), but comparison was
hydrolysis rate ratios (Table), and because of the lack amplicated by the fact that only bve of the 19 isolates had
substantial resistance to ceftazidime, which is a godlde OXY-1 enzyme and that thg-lactamase speaib
substrate for most extended-spectrfiHactamases exceptactivities of all but one of these isolates were in the
K1 type. lower half of the distribution range (Figure 4). When only
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Figure 3. Scatter-gram showing correlation between MICs of aztreonam (which was taken asrenaefeompound) and
(a) cefuroxime, (b) ceftriaxone, (c) cefotaxime, (d) ceftazidime and (e) cefoxitin. Synthoilsolates hyperproducing OXY-1
p-lactamasew®, isolates hyperproducing OXY {2-lactamase;t+, isolates 864 and 1333, which had the lowg$ictamase speaib
activities but which were amongst the most resistant to cefoxitin (Takifefhe correlation coefficient between the log MICs.

isolates with similar levels of-lactamase activity were quantity was not, however, the sole regulator of resistance
compared, the tendency of OXY-1 producers to be |deyel, as evidenced by the fact that the MICs of cefoxitin,
resistant than those with OXY-2 enzyme was much lew§ich is not a substrate for K1 enzyme, varied 16-fold
apparent. Generally, there was better correlation betweamong the isolates (Table). Notably, isolates 864 and 1333,
B-lactamase specibc activity, irrespective of enzyme typélich had the lowesg-lactamase specibc activities of all
and level of resistance to substrate drugs, particulatlie test strains, had the highest levels of resistance to
cefuroxime and ceftriaxone (Figure 4), suggesting that tigefoxitin. It follows that some other mechanismNprobably
major determinant of the level of resistance was th@permeability but maybe effluxNmust have modulated
amount of K1 enzyme manufacturegi-Lactamase resistance to cefoxitin, and it seems likely that this
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Figure 4. Correlation betweefi-lactamase specibc activitersuspenicillin G and MICs of (a) aztreonam, (b) cefuroxime, (c) cef
triaxone, (d) cefotaxime, (e) ceftazidime and (f) cefoxitin. Symbols as in Figuris 8he correlation coefficient between log MIC
and specibc activity.

mechanism would also have affected substrates for Kdltures. This compares with only 15 (6%) of tkKe
enzyme. Attempts to show a relationship between level@fytocaisolates, from six participating centres, that had
cefoxitin resistance and OMP proble were only partBxtended-spectrum TEM or SHY-lactamase$.More-
successful, as considerable strain-to-strain variation awer, on at least one occasion, selection of a K1 hyper
OMP pattern was found in the molecular weight rangeoducer during ceftriaxone therapy has been recorded in
typical for enterobacterial porins (4048 kDa). No sing& patient initially infected by a strain that produced a low
protein loss was clearly associable with elevated resistanlezel of the enzyme.

In summary, we investigated 1. oxytoca isolates,
collected in a recer_1t survey, tha_t had cross-resistanc_eAgknOMedgements
aztreonam, cefuroxime and ceftriaxone. Hyperproduction
of K1 enzyme was inferred from antibiogram data an@e are indebted to the British Society for Antimicrobial
conbrmed by measurement of enzyme quantity. The le@iemotherapy for providing an Overseas Research
of resistance to substrates, including aztreonam, ceftrellowship for Roxana Gheorghiu, enabling her to visit St
oxime and ceftriaxone, was related to the degree BértholomewOs and the Royal London School of Medicine
hyperproduction of the enzyme, but was also modulatadd Dentistry for 6 months, and to undertake this research.
by other factors. Hyperproduction of K1 enzyme i8/e are grateful also to WyethbLederle International, who
frequent: the present 19 isolates represent 7.7% of gponsored the survey during which the strains were
K. oxytoca isolates collected in the survey, and wereollected, and to Dr B. Fournier, who provided reference
obtained at 15 of the 35 centres that contributggoducers of OXY-1and {2-lactamases.
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Thirteen Salmonella entericaerotype Typhimurium and one Salmonella entericaerotype Heidelberg strain
resistant to expanded-spectrum cephalosporins were isolated from October 2000 to February 2001 from infants
with gastroenteritis in lasi, Romania. In all but one serotype Typhimurium isolate, resistance was due to the
production of a CMY-2 cephalosporinase encoded by a nonconjugative plasmid. The remaining isolate pro-
duced an SHV-5-type -lactamase. Typing by pulsed-beld gel electrophoresis indicated that the CMY-2-

producing serotype Typhimurium isolates were related.

There is an increasing number of studies reporting the emer-
gence of nontyphoid Salmonella entericaserotype Typhi-
murium strains that are resistant to expanded-spectrum ceph-
alosporins (ESC). This resistance is mostly due to the
acquisition of plasmids that encode various -lactamases, in-
cluding class A extended-spectrum -lactamases (ESBLS) (2,
8, 11, 13-16; E. Cardinale, P. Colbachini, J. D. Perrier-Gros-
Claude, A. Gassama, and A. Adara-Kane, Letter, J. Clin.
Microbiol. 39:2373-2374; B. P. Cherian, N. Singh, W. Charles,
and P. Prabhakar, Letter, Emerg. Infect. Dis.5:181-182) and

nella isolates exhibiting resistance or decreased susceptibility
to ESC.

Escherichia coliK-12 strain 14R525 (Nal) was used as the
recipient in conjugation experiments;E. coliDH5 was used in
transformation. Conjugation was carried out in mixed broth
cultures as described previously (17). Transconjugants were
selected on Mueller-Hinton agar containing ampicillin (50 g/
ml) plus nalidixic acid (200 g/ml). Plasmid DNA preparations
were obtained by an alkaline lysis technique (12). Plasmids
puri ed from low-melting-point agarose (0.8%) were used to

class C cephalosporinases (3, 4, 6, 18, 20, 21). The spread of transform E. coli competent cells.

such strains may have serious clinical consequences, since ESC

are the antibiotics of choice for invasive salmonella infections
in children. They may also facilitate the community spread of
bla genes. In the present study we describe ESC-resistaSal-
monella strains that were recently isolated from a pediatric
population in lasi, Romania.

Fourteen ESC-resistant, nontyphoid Salmonella isolates
were studied (see Table 1). These isolates were derived from
stool specimens of children with diarrhea from October 2000
to February 2001 in the pediatric hospital in lasi. This hospital
is the major pediatric tertiary-care institution (640 beds, 40,000
admissions per year) in northeastern Romania (population of
the lasi area and the eight neighboring districts, 4.9 million).
Species identi cation was performed by means of the API 20E
system (bioMerieux). Serotyping was performed with commer-
cially available anti-O and anti-H antisera (bioMerieux).

Selected isolates were typed by pulsed- eld gel electro-
phoresis (PFGE) of Xbal-restricted genomic DNA as de-
scribed previously (5). Restriction fragments were separated in
a 1.2% agarose gel with a CHEF DRIl apparatus (Bio-Rad).

Susceptibility to antibiotics, including ESC, was assessed by
a disk diffusion method (9). Strains were examined for produc-
tion of ESBLs by using Etest strips containing ceftazidime and
clavulanic acid (AB Biodisk). This test was used for alSalmo-

* Corresponding author. Mailing address: Laboratory of Bacteriol-
ogy, Hellenic Pasteur Institute, Vass. Soas 127, Athens 11521,
Greece. Phone: 03010-6478810. Fax: 03010-6423498. E-mail: miriagou
@mail.pasteur.gr.

-Lactamases were extracted by ultrasonic treatment of
overnight bacterial cultures in Mueller-Hinton broth. Isoelec-
tric focusing was performed according to the method of Mat-
thew et al. (7), with polyacrylamide gels containing ampholytes
(pH range, 3.5 to 9.5; APBiotech).

PCR assays speci ¢ fobla;g,, and blag,, genes were per-
formed as described previously (1). Detection ofbla genes
related to the Citrobacter freundii ampCwas carried out as
described by Koeck et al. (6). Nucleotide sequences of the
PCR products were determined with an ABI Prism 377 DNA
sequencer (Perkin-Elmer).

From October 2000 to February 2001, a total of 4Galmo-
nellaisolates were derived from cases of gastroenteritis in the
pediatric hospital of lasi. Hospital records indicated that this
Salmonellaisolation rate was not signi cantly different from
the rates of previous years. Notably, 14 (35%) of these isolates
were resistant to ESC (ceftriaxone, cefotaxime, and ceftazi-
dime), while before and after the study period such isolates
occurred only sporadically.

Thirteen isolates (ST1 to ST13) belonged to theSalmonella
serotype Typhimurium. One isolate (SH14) wasSalmonella
serotype Heidelberg. Eleven of the isolates were community
acquired. The remaining three were most likely acquired in
two district hospitals (ST1 and ST7) and a nursing home
(ST11). All but one serotype Typhimurium isolate exhibited a
cephalosporinase phenotype, i.e., resistance to penicillins, pen-
icillin-clavulanate combinations, cefoxitin, and ESC. The re-
maining isolate (ST5) probably produced an ESBL, given that
it was resistant to the tested ESC but susceptible to cefoxitin
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TABLE 1. Characteristics of 14 ESC-resistantSalmonellastrains

Patient data®

Other antibiotics to

Strain Serotype Age LII;?:ZU?sl?t[i::nOf Isolation date 'Slgf;:]air:s;égig’;’gé‘ih 'ngglrj\laesde(s) which strain is
Gender 5) resistant

ST1 Typhimurium M 4 District hospital A October 2000 AMP, AMC, TIM, CMY-2, TEM-1  GEN, TOB, S, TET,
FOX, ESCP CHL*®

ST2 Typhimurium M 1 Community October 2000 AMP, AMC, TIM, CMY-2, TEM-1  GEN, TOB, S, TET,
FOX, ESC CHL

ST3 Typhimurium F 1 Community November 2000  AMP, AMC, TIM, CMY-2, TEM-1  GEN, TOB, S, TET,
FOX, ESC CHL

ST4 Typhimurium M 2 Community November 2000 AMP, AMC, TIM, CMY-2, TEM-1  GEN, TOB, S, TET,
FOX, ESC CHL

ST5 Typhimurium M 4 Community November 2000 AMP, ESC SHV-5, TEM-1 GEN, TOB, S, TET,

CHL

ST6 Typhimurium F 3 Community November 2000 AMP, AMC, TIM, CMY-2, TEM-1  GEN, TOB, S, TET,
FOX, ESC CHL

ST7 Typhimurium F 2 District hospital B December 2000 AMP, AMC, TIM, CMY-2 S, TET, CHL
FOX, ESC

ST8 Typhimurium M 6 Community December 2000 AMP, AMC, TIM, CMY-2, TEM-1  GEN, TOB, S, TET,
FOX, ESC CHL

ST9 Typhimurium M 1 Community December 2000 AMP, AMC, TIM, CMY-2, TEM-1  GEN, TOB, S, TET,
FOX, ESC CHL

ST10 Typhimurium M 10 Community December 2000 AMP, AMC, TIM, CMY-2, TEM-1 GEN, TOB, S, TET,
FOX, ESC CHL

ST11 Typhimurium F 10 Nursing home December 2000 AMP, AMC, TIM, CMY-2, TEM-1 GEN, TOB, S, TET,
FOX, ESC CHL

ST12 Typhimurium F 5 Community February 2001 AMP, AMC, TIM, CMY-2, TEM-1 GEN, TOB, S, TET,
FOX, ESC CHL

ST13 Typhimurium M 2 Community February 2001 AMP, AMC, TIM, CMY-2, TEM-1 GEN, TOB, S, TET,
FOX, ESC CHL

SH14 Heidelberg M 2 Community February 2001 AMP, AMC, TIM, CMY-2, TEM-1 GEN, TOB, S, TET,
FOX, ESC CHL

2M, male; F, female.

b AMP, ampicillin; AMC, amoxicillin-clavulanic acid; TIM, ticarcillin-clavulanic acid; FOX, cefoxitin.
¢ GEN, gentamicin; TOB, tobramycin; S, sulfonamides; TET, tetracycline; CHL, chloramphenicol.

and penicillin-clavulanate combinations. Production of an
ESBL was corroborated by a positiveesult with the Etest. The
isolates were also resistant to chloramphenicol, sulfonamides,
and tetracycline. Resistance to aminoglycosides was also ob-
served in all but one serotype Typhimurium isolate (ST7) (Ta-
ble 1).

Isoelectric focusing showed production of a -lactamase
with an isoelectric point (pl) of 9.0 by all 13 isolates exhibiting
a cephalosporinase phenotype. Twelve of these also produced
a -lactamase with a pl of 5.4 (presumably a TEM-1, which was
also indicated byblarg,,-speci ¢ PCR assays). None of the 13
isolates could transfer -lactam resistance toE. coli by conju-
gation. However, transformation of E. coli with plasmid DNA
preparations from these isolates yielded clones that were re-
sistantto -lactams and produced an enzyme with a pl equal to
9.0. Clinical isolates and transformants were positive in amy-
speci ¢ PCR assay. The sequencing of PCR products showed a

-lactamase gene identical tacmy-2 The gene was located in
an approximately 60-MDa plasmid that was common to all 13
isolates, as indicated by restriction endonuclease analysis and
hybridization experiments (data not shown). Transformants
did not produce TEM-1 yet were susceptible to non- -lactam
antibiotics, indicating that cmy-2was probably the sole antibi-
otic resistance gene carried by this plasmid. The CMY-2-pro-
ducing isolates exhibited similar PFGE patterns, indicating a
genetic relatedness (Fig. 1).

The ESBL-producing serotype Typhimurium isolate (ST5)

was able to transfer ESC resistance t&. coli by conjugation.
This isolate produced a clavulanate-sensitive -lactamase with
a pl equal to 8.2. PCR analysis identied the respectivebla
gene as anshv The sequence of a segment (623 bp) that
included codons 238 and 240 (Amblés numbering) was 100%
homologous to the respective segment of theshv-5gene. The
SHV-5-encoding plasmid (approximately 90 MDa in size) also
mediated resistance to gentamicin, tobramycin, sulfonamides,
tetracycline, and chloramphenicol.

The emergence of ESC-resistant salmonellae in Romania
has been recognized since 1997 (R. Filip et al., Abstr. 10th Eur.
Congr. Clin. Microbiol. Infect. Dis., abstr. MoP105, 2000). A
compilation of the recent data regarding the epidemiology of
salmonella infections in Romania has not yet been performed.
Also, data on the susceptibility status of salmonellae to ESC
are not available from every hospital. Therefore, the current
prevalence of resistance to ESC cannot be estimated. How-
ever, of the 40 Salmonellaisolates recovered in the pediatric
hospital, 14 were resistant to ESC and most were community
acquired, factors that suggest a widespread resistance, at least
during the study period.

Thirteen (12 serotype Typhimurium and 1 serotype Heidel-
berg) of the 14 isolates produced a CMY-2 cephalosporinase
that is similar to the chromosomal -lactamase ofC. freundii
The 12 serotype Typhimurium isolates may constitute a single
clone, as indicated by the similarity of the PFGE patterns. The
time clustering of the respective infections also suggested an
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FIG. 1. PFGE of Xbal-digested chromosomal DNA of six CMY-2-
producing serotype Typhimurium isolates. Lane M contains a molec-
ular size marker (1-kb ladder; GIBCO-BRL).

outbreak, though it was not possible to trace epidemiological
associations from the patientsrecords.

CMY-2 confers resistance to various ESC, including ceftri-
axone, which is the antibiotic of choice for invasive salmonella
infections in children. Plasmid-mediated AmpC -lactamases
of the CMY type have been found worldwide in nosocomial
enterobacteria, particularly Klebsiella pneumoniaél0). Salmo-
nellae could have acquired theampC gene from such micro-
organisms. This hypothesis could also account for the emer-
gence of the SHV-5-producing serotype Typhimurium isolate
ST5, which exhibited a multiresistance phenotype similar to
that of many ESBL-producing K. pneumoniaeisolates in Ro-
manian hospitals. Accordingly, previous studies indicated that
Salmonellastrains producing SHV ESBLs might have acquired
the respectivebla genes from bacteria of the hospital ora (15,
19). The emergence of ESC resistance in salmonellae may also
have been facilitated by the use of oxyimino--lactams in the
animal industry. Recent studies from the United States have
shown that CMY-2-producing salmonellae have been spread in
livestock and that exchange of CMY-2-encoding plasmids be-
tween enterobacteria from food animals and humans has oc-
curred (3, 21). Plasmid-mediated CMY-2 has also been de-
scribed for strains of Salmonella entericaerotype Senftenberg
in Algeria (6) and Salmonella entericaserotype Enteritidis in
Italy (18). The fact that salmonellae-producing CMY-2 have
also emerged in Romania is interesting. A comparison of the
CMY-2-producing salmonellae and the respective plasmids
would provide useful clues regarding the evolution of and the
mode by which this type of resistance spreads. Finally, the
present study indicates that ESC-resistant salmonellae have
been established in Romania, rendering the inclusion of ESC
in routine susceptibility testing for this microorganism neces-
sary.
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11.

12.

13.

14.

15.
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The spread of the plasmid-mediated carbapenem-hydrolyzing oxacillinase OXA-58 was detected Atineto-
bactersp. clinical isolates from southern Europe, the Balkans, and central Turkey. It may contribute signip-
cantly to the emergence of carbapenem resistance iAcinetobactespp., at least in this part of the world.

Reports of carbapenem resistance iricinetobacter bauman-
nii have accumulated worldwide (11, 14, 21). Most of these
studies showed that -lactamase-mediated resistance is the
most common mechanism for carbapenem resistance in that
species. Four groups of carbapenem-hydrolyzing oxacillinases
(Ambler class D -lactamases) inA. baumannii have been
described (1, 2, 6-8, 15). A rst group consists of OXA-23,
OXA-27, and OXA-49 (GenBank accession number
AY288523) which have 99% amino acid identity and also share
60% identity with a second group of oxacillinases (OXA-24,
OXA-25, OXA-26, and OXA-40), with the latter group of
enzymes differing by a few amino acid substitutions. -Lacta-
mase OXA-51, which shares less than 63% amino acid identity
with the two latter groups, has been recently identi ed in A.
baumannii isolates from Argentina and would de ne a third
group of those oxacillinases (3). In addition, we have recently
characterized OXA-58 from France which belongs to a novel
fourth group of those oxacillinases (7, 15). Théblagyxa.sg gene
was found to be plasmid located, and the activity of OXA-58
was inhibited by NaCl, as opposed to the other oxacillinases
possessing some carbapenemase activity (15).

The present study was designed to analyze the geographical
spread of this novel carbapenemase among carbapenem-resis-
tant Acinetobactersp. isolates in continental Europe. Forty-
eight nonreplicate isolates ofAcinetobacterspp. were included
in this retrospective study selected on the criterion of nonsus-
ceptibility to carbapenems (MIC 8 g/ml). They had been
collected from February 1997 to March 2004 from patients
hospitalized in intensive care units, medicine, and surgery
wards and corresponded to clinical isolates from urine, blood,
skin ulcer swabs, and bronchoalveolar specimens (colonizing
isolates excluded). The isolates were from 12 cities located in
six European countries (France, Greece, Italy, Romania,
Spain, and Turkey) (Table 1). Strains from Romania were
collected from the same pediatric unit from October to De-
cember 2003. Species identi cation was con rmed by the bio-

* Corresponding author. Mailing address: Service de Bactériologie-
Virologie, Hopital de Bicé&re, 78 rue du Géné&ral Leclerc, 94275 Le-
Kremlin-Bicé&re cedex, France. Phone: 33-1-45-21-36-32. Fax: 33-54
21-63-40. E-mail: nordmann.patrice@bct.ap-hop-paris.fr.

chemical API32GN test (Biomé&ieux, Marcy-I'Etoile, France)
and sequencing of 16S rRNA genes (16); all but one of the
isolates wereA. baumannii isolates, and a singleAcinetobacter
junii isolate was identi ed. Antibiotic-containing disks were wsed
for the detection of imipenem susceptibility, along with Mueller-
Hinton agar plates and a disk diffusion assay (www.sfm.fr)
(Sano -Diagnostics-Pasteur, Marnes-La-Coquette, France).
MICs were determined by an agar dilution technique, and
results were interpreted according to the guidelines of the
Clinical and Laboratory Standards Institute (formerly the Na-
tional Committee for Clinical Laboratory Standards) (13). Five
isolates were of intermediate susceptibility to imipenem, and
the others were resistant (Table 2). Most of the isolates were
multidrug resistant, including being resistant to aztreonam,
ceftazidime, amikacin, and cipro oxacin.
Carbapenem-hydrolyzing -lactamase was screened by mea-
suring speci ¢ hydrolytic activity against imipenem of culture
extracts, as previously described (8). Forty-three out of the 48
isolates hydrolyzed imipenem signi cantly (Table 1). Oxacilli-
nase and metallo- -lactamase genes were identi ed by using a
standard PCR technique with primers speci ¢ for blagya 23,
blagxa.40, and blagxa_sg genes (primers OXA-58A [5-CGA
TCAGAATGTTCAAGCGC-3 ]and OXA-58B [5 -ACGATT
CTCCCCTCTGCGC-3]) and for the metallo- -lactamase
bla,,\, andbla,,» genes (7, 8, 14). PCRs were positive for the
blagxa.s5 gene for 22 out of 42 carbapenem-hydrolyzingA.
baumanniiisolates and also for the singlé\. junii isolate (Table
1). PCR amplicons were sequenced with an Applied Biosys-
tems sequencer (ABI 3100) and an identicablagy .55 gene
was identi ed in all cases. The carbapenem-hydrolyzing oxacil-
linase geneblagya.»3 Was also identi ed in two A. baumannii
isolates and theA. junii isolate collected from Romania (Table
1). In addition, blagxa.4o Was found in several isolates recov-
ered from Barcelona and Madrid (Table 1), strengthening the
notion of endemicity of oxacillinase OXA-40 in Spain (5, 12).
Genotyping of the 23 OXA-58-positive strains was carried
out by pulsed- eld gel electrophoresis (PFGE), as described
previously (20). After digestion by Apal, restriction fragments
were separated in a CHEF-DRII apparatus (16). Isolates were
considered related if their PFGE patterns differed by six frag-

4885

1sanb Agq GTOZ ‘v AInc uo /Bio wse woly/:dny woly papeojumog


http://jcm.asm.org/

4886 NOTES J. @IN. MICROBIOL .
TABLE 1. Distribution of imipenem nonsusceptible isolates of Acinetobacterspp. and pulsotypes of OXA-58-positive isolates
No. of isolates
) No. of tested Species
Country City : : Imi Pulsotype(s)
isolates (no. of isolates) hr;/]clj?g:;:g blagxa-23 blagxa-a0 blagxa-ss blayv or blaye
France Toulouse 2 A. baumannii (2) 2 0 0 2 0 E
Lille 1 A. baumannii (1) 1 0 0 1 0 |
Méacon 1 A. baumannii (1) 1 0 0 1 0 J
K.-Bicére 1 A. baumannii (1) 1 0 0 1 0 K
Suresnes 1 A. baumannii (1) 1 0 0 1 0 K
Spain Seville 7 A. baumannii (7) 4 0 0 4 0 E F G
Barcelona 12 A. baumannii (12) 12 0 8 0 0 b
Madrid 1 A. baumannii (1) 1 0 1 0 0 —
Italy Rome 3 A. baumannii (3) 2 0 0 0 1 —
Greece Athens 1 A. baumannii (1) 1 0 0 0 0 —
Turkey Ankara 2 A. baumannii (2) 2 0 0 2 0 H
Romania lasi 15 A. baumannii (14) 14 2 1 10 0 B,C,D
A. junii (1) 1 1 0 1 0 A
Total a7 A. baumannii (46) 42 2 10 22 1 —
A. junii (1) 1 1 0 1 0 —

2 ]mipenem hydrolysis is expressed in units. One unit is de ned by the enzymatic activity that hydrolyzes onenol of imipenem per min per mg of protein.

b not applicable.

ments or fewer (20). A total of 11 PFGE pro les were identi-
ed; the A. junii isolate corresponded to pulsotype A, whereas
A. baumanniiisolates corresponded to pulsotypes B to K (Fig.
1; Table 1). Eight out of 10 A. baumanniiisolates from Roma-
nia corresponded to a single clone (pulsotype C), whereas two
others were of different genotypes (B and D). Pulsotype E
included four isolates collected in Seville (1997) and Toulouse
(2003). Pulsotypes F and G were both represented by single
isolates collected in Seville in 1997. Pulsotype H consisted of
two isolates collected in Ankara in 1998. Pulsotypes | and J
were represented by single isolates collected in France (2003).
Pulsotype K included two isolates collected in France in
Suresnes and K.-Bic&re (suburbs of Paris) in 2004.

To determine whether the blagy,ss gene was plasmid
borne, plasmid DNA of a representative of each pulsotype was
extracted by using the Kieser technique (9). Southern transfer
was performed on a nylon membrane (Hybond N ; Amersham
Pharmacia Biotech, Orsay, France), as previously described
(17). The membrane was successively UV cross-linked (Strata-

TABLE 2. In vitro susceptibilities of carbapenem nonsusceptible
clinical isolates of Acinetobacterspp.

MIC No. of isolates (%)?
Antibiotic range

( g/ml) S | R
Piperacillin-tazobactam 64— 128 0 5(10) 43(90)
Ceftazidime 2— 128 1(2) 12 (25) 35(73)
Cefepime 8- 128 0 4(8) 44 (92)
Aztreonam 64— 128 0 0 48 (100)
Imipenem 8— 64 0 5(10) 43(90)
Meropenem 8- 64 0 17 (35) 31 (65)
Amikacin 2—- 128 11(23) 0 37 (77)
Cipro oxacin 1- 128 1(2) 0 47 (98)

25, susceptible; |, intermediate; R, resistant.

linker; Stratagene, Amsterdam, The Netherlands) and hybrid-
ized (enhanced chemiluminescence nonradioactive labeling
and detection kit; Amersham Pharmacia Biotech, Orsay,
France) with a PCR-generated probe forblagy s 55 A plasmid
location for the blagya.sg gene was con rmed in 10 out of the
13A. baumanniiisolates (A. baumanniiisolates of pulsotypes C
to F and H2 to K) and for the A. junii isolate (Fig. 2). However,
after repeated attempts, conjugation experiments performed
as previously described (7) failed to demonstrate the transfer-
ability of such plasmids. Only the use of electrotransformation
gaveA. baumannii transformants (15). Despite the use of the
I-Ceul digestion technique that helps to determine plasmid or
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-

—
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|

FIG. 1. PFGE patterns of OXA-58-producing Acinetobactessp. iso-
lates. Lane A, pulsotype of the unrelatedA. junii isolate; lanes B to K,
10 pulsotypes obtained by pulsed- eld gel electrophoresis after diges-
tion with Apal. Lanes C, to Cg, E, to E,, H; and H,, and K, and K,
correspond to subtypes of pulsotypes C, E, H, and K, respectively.
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FIG. 2. Plasmid analysis of OXA-58-positiveAcinetobactersp. iso-
lates. (A) Lanes A to K, 14 isolates of pulsotypes A to K (and subtypes
E,, E;, H4, and H,) are shown. Results were identical for strains C1 to
C8 and are shown here as lane C. Lane M, plasmids of reference size
(12). (B) Hybridization with a probe speci c for the blagxa.ss gene.

chromosome location (16), the genetic location ofblagya. ss
remained uncertain for the last three isolates (data not shown).
Sizes of OXA-58-positive plasmids ranged from 10 to 150 kb.
A plasmid location of the blagya.-3 gene was also con rmed in
the A. junii isolate. The blagy .5 and blagxa_sg probes gave
the same hybridization pro le for the A. junii isolate, with a
single 150-kb signal, suggesting that the same 150-kb plasmid
harbored both blagya.ss @and blagyxa.os genes. Conjugations
using this A. junii isolate as the donor andA. baumannii
CIP7010" (Institut Pasteur, Paris, France) as the recipient
strain failed.

We showed that OXA-58 was widespread among carba-
penem-nonsusceptibléAcinetobacteisp. isolates from southern
Europe, central Turkey, and the Balkans. It is the most fre-
quently distributed oxacillinase with carbapenemase activity in
those isolates. Interestingly, several isolates had imipenem-
hydrolyzing activity without detection of genes coding for
known carbapenemases, suggesting additional undiscovered
enzymes.

Whereas most of the other carbapenem-hydrolyzing oxacil-
linase genes are chromosomally located (14), thélagya.ss
gene was located on nonconjugative plasmids, which, in most
of the cases, differed in size. It is tempting to speculate that the
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plasmid location of blagx,_sg has contributed to high levels of
carbapenem resistance irA. baumannii at least in that part of
the world (although isolates from Romania are overrepre-
sented in our study). Indeed, we have shown recently that
OXA-58 activity contributes signi cantly to carbapenem resis-
tance in A. baumannii, especially when additional ef ux mech-
anisms are associated (C. Héritier, L. Poirel, and P. Nord-
mann, unpublished data). Other factors, such as porin
de ciency and overexpression of the chromosome-encoded
cephalosporinase ofA. baumannii with weak carbapenemase
activity may contribute to carbapenem resistance also.

Whereas metallocarbapenemases i\. baumannii are re-
ported mostly from Asia and South America and rarely from
southern Europe (10, 18, 19), the carbapenem-hydrolyzing ox-
acillinases seem to have a wider distribution (1-7, 14). Further
work should analyze the spread of those carbapenem-hydro-
lyzing oxacillinases, including OXA-58, in carbapenem-resis-
tant A. baumannii isolates from the United States, a country
where carbapenem-hydrolyzing oxacillinases have not yet been
detected.
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Nationale et de la recherche (UPRES-EA3539), Université Paris Xl,
K.-Bicére, France, and by the European Community (sixth Program
of Community Research and Development, LSHM-CT-2003-503-335).
L.P. is a researcher from the Institut National de la Santé et de la
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Summary

The molecular characterization of 16 clinical isola
and 2 serotype
and June 1999 from feces of children hospitalized i
cally compared by pulse field gel electrophoresis o
The majority of the clinical isolates (12/16) belon
unrelated strains, correlating to the OMP profile.
-lactamases were identified: the first with pl of 5
second with pl of 5.4 in 5/16. The bla ;¢
bla g5 gene in one strain. We concluded that extended
-lactamase (ESBL) with pls of 8.2 was the most frequent enzyme pro-
isolates which were related.

(14 serotype Typhimurium

the clinical isolates and the
spectrum

duced by serotype  Typhimurium

Key words: Salmonella enterica, Typhimurium,

b-lactamases.

tes of S almonella enterica
Kingston ) obtained between January
n lasi, Romania were genotypi-
f Xbal restricted bacterial DNA.
ged to cluster A and (4/16) to
Two major different patterns of
4, 8.2 in 6/16 strains and the
-lactamase was identified in 14/16 of

PFGE, extended-specrum

INTRODUCTION

In recent years the dramatic increase in antibac-
terial resistance among pathogens causing nosoco-
mial as well as community acquired infections has
become a serious problem worldwide. Salmonellosis
is a common cause of bacterial enteric illness more
frequent in developing countries? particularly in chil-
dren <5 years of age and young adults. -lactam
antibiotics are widely used in the treatment of saho-
nellosis. Resistance to -lactam antibiotics is increas-
ing, especially among Enterobacteriaceae, implying
serious problems in chemotherapy of severe infec-
tions. -Lactamases are the most common cause of
bacterial resistance to -lactam antibiotics?.

Clinical strains of salmonellae resistant tdb-lac-
tam antibiotics such as penicilling and broad-spec-
trum cephalosporins such as cefotaxime, cef-
tazidime, or ceftriaxone 4 have been isolated from

© E.S.ILF.T. srl - Firenze

large outbreaks as well as from sporadic cases.
Recently, some studies reported the rapid develop-
ment of resistance to these agents, involving non-
typhoid salmonellae in both developing and devel-
oped countries 346, Such resistance is often associ-
ated with transferable plasmid-encoded ESBLs. The
most common are those derived from TEM-1 and
SHV-1 ESBLs ”.

Previous studies undertaken in lasi, Romani&
show an increase in the resistance ratio for ampi-
cillin, ampicillin/clavulanic acid and also broad pec-
trum cephalosporins in the Enterobacteriaceae iso-
lated from pediatric patients. However little data
concerning molecular aspects of the resistance to
these antibiotics are available in Romania. The
occurrence of multiresistance to -lactam antibiotics
was studied by undertaking the molecular characteri
zation of the strains and the resistance mechanism
for a number of non-typhoid salmonellae strains ise
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lated from feces of children <1 year of age admittel
with diarrhea to the OSf. MariaO Pediatric Hospitah
lasi, Romania.

MATERIALS AND METHODS

Bacterial strains

From January to June 1999, a total of 142
Salmonella isolates were obtained from children <1
year of age admitted with diarrhea to the Pediatric
Hospital OSt. MariaO, lasi, Romania. Sixteen isoks
were selected according to the resistance phenotype
being resistant to ampicillin, amoxycillin/clavularic
acid and broad-spectrum cephalosporins. Three
standard strains were used in this studyEscherichia
coli J53-2 (F, pro-, met,, Rif") as a recipient in con-
jugation and for bioassay experiments.Escherichia
coli ATCC 25922 was included in the antimicrobial
susceptibility test andSalmonella typhimurium
ATCC 14083 for outer membrane protein profiles
(OMPs).

Identification, sensitivity test and serotyping

All clinical isolates were initially identified ashon-
typhoid salmonellae using standard biochemical test
° in the OSf. MariaO Paediatric Hospital, lasi,
Romania and were tested by disk diffusion method
10 according to the NCCLS 1! using the following
antibiotics: ampicillin, ampicillin/sulbactam, cefo-
taxime, ceftriaxone, ceftazidime, ciprofloxacin, ard
ofloxacin supplied by Oxoid (Basingstoke, UK). All
of the following experiments were conducted at the
Infectious Diseases Research Center (CISEI),
Cuernavaca, Mexico. Identities, biotyping and
antimicrobial susceptibility patterns were confirmel
by MicroScan Combo 20 panel (Dade Behring, Inc.,
W. Sacramento, CA, USA). The resistance break-
points used in this study were those defined by
NCCLS 1'1. Susceptibility to cefotaxime and cef-
tazidime was assessed by E-test strips. Strains veer
examined for production of ESBL by double disk
method. Serotyping was performed with commer-
cially available anti-O and anti-H antisera (Difco)

Antimicrobials

Standard powders were provided by the compa-
nies indicated: ceftazidime (Glaxo Wellcome, Mexico
City, Mexico); cefotaxime (Hoechst-Marion-Roussel,
Romaninville, France), and rifampin and ampicillin
(Sigma, St. Louis, MO, USA).

PFGE typing

Whole-cell DNA was obtained and digested with
Xbal according to the method of Old et al *?
Restriction fragments were separated in 1.0%
agarose gel with a CHEFF DRIl apparatus (Bio-Rad).
Differences in banding patterns were analysed

according to the criteria proposed by Tenover
et al 13,

IEF and bioassay

b-lactamases were extracted by ultrasonic treat-
ment of overnight bacterial cultures in Mueller-
Hinton broth. Isoelectric focusing (IEF) was condue
ed according to the method described by Matthewet
al. 14, using a Phast system minigel with a pH range
of 3 to 10 (Pharmacia, Uppsala, Sweden). Extracts
from E. coli J53-2 encoding TEM-1 (pBR322),
SHV-2 (pMG229) and SHV-5 (pAFF2) were used as
standards for pls of 5.4, 7.6 and 8.2, respectively.
Bands corresponding to b-lactamase activity were
detected by nitrocefin (500 pg/ml) and ceftazidime
(1 pg/ml) substrates, then, a mixture of soft agar
and susceptible bacterial cells were layered ovehé
gel following overnight incubation at 37iC, areas o
cell growth were detected where the antibiotic cef-
tazidime was hydrolyzed by the ESBL enzyméS.

PCR amplification of TEM and SHV genes

In order to detect bla,_,,-related genes in clinical
isolates, a PCR assay was performed with the speeif
ic primers OT1 (50-TTG GGT GCA CGA GTG
GGT TA-30) and OT2 (50-TTA TTG TTG CCG
GGA AGC TA-30) as described by Arleet al 8.
Primers used for amplification of blag,,, -related
genes were SE5 ( 50-GGT CGG AAT TCA GGA
GGT TGA CTA TGC GTT ATA TTC GCC TG-30)
and SB3 (50-GGT GCG GAT CCT TAT TAG CGT
TGC CAG TGC TC-30), as described by Silvat
al 17,

DNA sequencing and analysis

The amplification product of the blag,, gene
was used to determine the nucleotide sequence by
the method of Sanger*® with the Taq FS Dye termi-
nator cycle sequencing fluorescence based kit
(Applied Biosystem, Foster City, CA, USA), in an
automatic sequencer ABI PRIM 337-18. Sequence
analysis was performed with GCG Software,
BLASTx searching (EMBL, SwisProt and PIR data-
bases).

Plasmid isolation and mating experiments

Plasmid DNA was extracted from clinical isolates
according to the method of Kieser!®. Transfer of -
lactam resistance was performed on Luria broth,
transconjugants were selected on MacConkey plates
supplemented with rifampicin (200 ng/ml) in combi-
nation with ampicillin (100 ng/ml), ceftazidime (1
ng/ml) or cefotaxime (1 ng/ml). Transfer of -lactam
resistance was performed as described by Mille¥
using E. coli J53-2 (FS, proS, metS, Rif") as the
receptor strain. In all cases, transconjugants were
selected on MacConkey plates supplemented with
rifampicin (200 ng/ml) in combination with ampi-
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cillin (100 nmg/ml), ceftazidime (1 ng/ml) or cefo-

taxime (1 ng/ml). Each experiment was done in trip-

licate. The presumed transconjugants were identifig
and checked for resistance pattern by MicroScan
Combo 20 panels (Dade Behring, Inc., W.
Sacramento, CA, USA).

OMP and SDS-PAGE

Preparation of outer membrane proteins (OMPSs)
from clinical isolates was performed according to
Ferntndez-Moraet al 2. Proteins were analyzed by
sodium dodecyl sulfate-12% polyacrylamide gel elec-
trophoresis and separated according to the method
of Laemmli 22,

RESULTS

Epidemiology and susceptibility

From January to June 1999, a total of 142
Salmonella isolates were obtained from children <1
year of age Sixteen isolates were selected according
to the resistance phenotype which corresponded to
a representative sample from the total of clinicaliso-
lates. These strains were derived from cases of gas
troenteritis in the pediatric hospital of lasi from chil-
dren who were not related (family or village); hosp
tal staff members were negative for Salmonella cul-
ture during this period. Fourteen of the 16 clinica
isolates belonged to Salmonella serotype
Typhimurium and two isolates (501 and 149) were
Salmonella serotypeKingston. All these isolates
were resistant to ampicillin/sulbactam, piperacilln,
ampicillin, ticarcillin/clavulanic acid and trimetho-
prim/sulfamethoxazole; most of the strains were sus
ceptible to imipenem, ciprofloxacin and cefepime
(Table 1).

Molecular characterization

Analysis of the 16 clinical isolates by PFGE
revealed four different binding patterns (/&D). The
major pattern (A) showed only three minor varia-
tions (subtypes Al to A3) according to TenoverOs
criteria 13, and represented 12/16 clinical isolates;
in addition to patterns B and C all were included n
the same serotype of Typhimurium . Pattern D
(strains 501 and 149) corresponded to serotype
Kingston. According to the OMP profiles, there was
a correlation with the PFGE patterns profile | with
cluster A, profile Il with cluster D and profile Il with
clusters B and C Table 1).

b-Lactamase production

Fourteen of the sixteen clinical isolates produced
a -lactamase with a pl of 5.4, this enzyme did not
have ceftazidimase activity. Five of them only
expressed this enzyme and were not ESBL produc-
ers. Two major patterns of -lactamase were identi-

fied, the first included 6 of 16 strains with pls of 5.4
and 8.2, the second one was comprised of 3 of 16
isolates with pls of 5.4 and 7.6. In both cases, tte
second enzyme was identified as a ceftazidimase by
bioassay, with the exception of strain 656. Strains
491 and 149 produced only an ESBL enzyme with

a pl of 8.2 or 7.6, respectively. (Table 1).

PCR detection of bla ., blag,, genes and
sequencing

The fourteen clinical isolates expressing a -lac-
tamase with a pl of 5.4 were positive for a PCR
product of the expected size of 503 bp, according
to the TEM primers used to obtain a partial frag-
ment corresponding to bla;.,, gene. Eleven of the
16 clinical isolates expressing a -lactamase with pls
of 7.6 or 8.2 were subjected to amplification of the
blag,,, gene. Only clinical isolate 491 was positive
for a PCR product of the expected size of 900 bp.
This fragment of DNA was subject to DNA sequenc-
ing. The deduced amino acid sequence detected a
double mutation G238S and E240K, corresponding
to SHV-5 -lactamase?® (Table 1).

Plasmid profile and resistance transfer

All clinical isolates encoded at least 2 plasmidsfo
170, 93 or 54 Kb. ( Figure 1) All strains were sub-
jected to transfer resistance to ampicillin, ceftazlime
and cefotaxime using independent selection medi-
ums. All 16 clinical isolates were able to transferthe
resistance to ampicillin, but only 6 isolates prodeed
stable transconjugants. From these six transconju-
gants, only two (491 and 149) were also resistant ®
cefotaxime. In most of the transconjugants (with tle
exception of 327 strain), the largest plasmids of 70
or 93 kb, the expression of the TEM -lactamase
was harbored. Similar results were obtained with th
two transconjugants obtained from clinical isolates
491 and 149, which expressed SHV-5 and an
ESBL with pls of 7.6, respectively (indicated in
Table 1, underlined data).

Outer membrane proteins (OMPS) pattern

SDS-PAGE analysis of the OMP was carried out
with the 16 clinical isolates. There were three OMP
profile patterns identified: pattern | with 33, 35 and
36 kDa; pattern Il with 33, 36 and 37 kDa; and
pattern 1l with 33 and 37 kDa proteins (Figure 2
and Table 1).

DISCUSSION

We provide the molecular characterization of the
resistance mechanism to -lactam antibiotics in 16
clinical isolates from feces of children hospitalied in
lasi, Romania. The 12 serotype Typhimurium may
constitute a single clone among these children as
indicated by the similarity of the PFGE and OMP
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Ficure 1 - Agarose gel PFGE ofXbal-digested genomic DNAs ofSalmonella isolates. Lanes 1 and 18, molecular size
marker of lambda ladder (BioLabs); lanes 2 to 7, PBE pattern A (108, 436, 432, 464, 505, 279); lane 8 , PFGE pattern
A2 (656); lane 9 to 12, pattern Al (678, 744, 491, 39); lane 13 pattern A3 (391); PFGE pattern B (596), C (327), lanes
14 and 15 respectively; lanes 16 and 17, PFGE patten D (501, 149).
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Ficure 2 - SDS-PAGE (12% polyacrylamide) of outer membraneproteins of non-typhoid clinical isolates of salmorlla
strains Lanes: 1) molecular weight marker; 2)Salmonella typhimurium ATCC 14028; 3) 39; 4) 108; 5) 149; 6) 279; 7)

327; 8) 391; 9) 432; 10) 436; 11) 464; 12) 491; 13)

patterns. Most of the strains produced ab-lactamase
with a pl of 5.4, which corresponded to TEM type
b-lactamase. This enzyme confers resistance to amp-
cillin. In some cases, this TEM enzyme was trans-
ferred by conjugation with the longest plasmid har-
bored in the clinical isolate. Two main -lactamase
patterns were detected in this clone, a group withpl
of 5.4, which included the non-ESBL producers,
and a second one with pl of 5.4, 8.2. These results
may indicate that the clone acquired, or lost the
ESBL with a pl of 8.2 by a mobile genetic element
such as a transposon or integron located in a non-
conjugative plasmid or in the chromosome?4. In
addition, plasmid profiles did not correlate with -
lactamase production.

501; 14) 505; 15) 596; 16) 656; 17) 678; 18) 744.

Recent studies published by Miriagowet al.,?®
report other clinical isolates of Salmonella enterica
serotype Typhimurium resistant to expanded-spec-
trum cephalosporins isolated from children with gas
troenteritis obtained in the same hospital. These
results indicate that the resistance was due to the
production of CMY-2 cephalosporinase (pl 9.0)
encoded by a non conjugative plasmid and the
expression of TEM -lactamase. Our results, includ-
ing earlier clinical isolates, also report the TEM -
lactamase but differ with pls of ESBL of 7.6 and
8.2. These data may correspond with SHV-derived

-lactamases, however, only one strain (491) from
11 clinical isolates produced SHV-5 -lactamase.
Miriagou et al. also detected this enzyme in one iso-
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late; these data indicate that this enzyme has a o
prevalence in patients from this hospital. ESBLs
with a pl of 7.6 or 8.2 could correspond to CMY-2
derived enzyme or others such as CTX-M, PER, or
OXA type -lactamases which have been found in
Salmonella and in other species in Europe?6:27,

Although we studied a limited number of clinical
isolates during a short collection period, we conald-
ed that in this representative sample, the ESBLsS
with pls of 7.6 and 8.2 are the most common
enzymes produced in salmonellae strains from chil-
dren <1 year of age hospitalized at the OSf. MariaO
Pediatric Hospital in lasi, Romania. These enzymes
were selected probably because of the wide use of-
lactam antibiotics in the treatment of salmonelloss.
In addition, multiresistance of these clinical isaltes
considerably diminishes the therapeutic resort to
imipenem, cefepime and ciprofloxacin for this cate-
gory of patients.

Further studies must be done to identify the type
of ESBL with pls of 7.6 and 8.2. More detailed
studies of the plasmid restriction patterns shoulcbe
done to detect the possible correlation between
them.
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Abstract: After two previous episodes, in 2002 and 2012, when two highly pathogenic coronaviruses
(SARS, MERS) with a zoonotic origin emerged in humans and caused fatal respiratory illness, we
are today experiencing the COVID-19 pandemic produced by SARS-CoV-2. The main question of
the year 2021 is if naturally- or arti cially-acquired active immunity will be effective against the
evolving SARS-CoV-2 variants. This review starts with the presentation of the two compartments
of antiviral immunity—humoral and cellular, innate and adaptive—underlining how the involved
cellular and molecular actors are intrinsically connected in the development of the immune response
in SARS-CoV-2 infection. Then, the SARS-CoV-2 immunopathology, as well as the derived diagnosis
and therapeutic approaches, will be discussed.

Keywords: immune response; antiviral; SARS-CoV-2; lymphocytes; antibodies; in ammation

1. Introduction

Coronaviruses are a large group of enveloped viruses infecting both humans and a
wide range of wild and domestic animals [ 1]. In 2002 and 2012, two highly pathogenic
coronaviruses with a zoonotic origin emerged in humans and caused fatal respiratory
iliness, respectively, the severe acute respiratory syndrome coronavirus (SARS-CoV) and
Middle East respiratory syndrome coronavirus (MERS-CoV). Now, we are experiencing
the COVID-19 pandemic produced by SARS-CoV-2 [2,3]. The pattern of these infections
enabled coronaviruses to be considered as emerging pathogens and a major public health
concern for the twenty- rst century [ 4-6]. Common features of coronaviruses are RNA
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genome with positive polarity, animal reservoir, broad host spectrum, and the potential for
human-to-human transmission [ 4-6]. Bats are reservoirs for both epidemic coronaviruses
and several other viruses with pandemic potential such as Ebola, Marburg, rabies [ 7,8].

Coronaviruses have a monostrand RNA genome, capped at the 5' end, with a poly-A
sequence at the 3' end [/]. Two-thirds of the 5' end is occupied by ORF1a/b and are
translated into two polyproteins—1a and 1b, subsequently cleaved into 16 non-structural
(NS) proteins: a chymotrypsin-like protease, a papain-like protease, helicase, and RNA-
polymerase [9]. The other ORFs encode accessory proteins that interfere with the innate
immune response [10,11]. A peculiarity, probably unique to RNA viruses, is the existence
of the NS14 exoribonuclease domain with a proofreading role for the prevention of non-
functional mutations [ 12]. The NSP2 and NSP3 play a vital role in the infectious potential
of these viruses [13,14]. A number of 380 amino acid substitutions in NSP2, NSP3, protein
S, and RBD were identi ed in SARS-CoV-2 and other SARS viruses [12,15]. SARS-CoV-2
has a nucleotide sequence identity of 96% with bat coronavirus and 79.5% with SARS-
CoV [16]. Thus, SARS-CoV-2 has probably passed from animal intermediate to humans
and spread with a high rate of infectivity in the unprotected population, reaching pandemic
proportions in a very shorttime [ 17].

SARS-CoV-2 is the result of a recombination process [L8], probably with a host cell
MRNA, from which it acquired a 12-nucleotide sequence encoding the tetrabasic sequence
Arg-Arg-Ala-Pro [ 19]. This sequence is the site of action of the furin-like enzyme that
separates the two subunits of protein S, facilitating the fusion between virus and cell [ 20].
The presence of furin in the lungs, liver, and small bowel explains the tropism of the virus
for these tissues, as well as the digestive symptoms observed in patients infected with
SARS-CoV-2 (liver failure or diarrhea) [ 21,22). Coronaviruses could also infect the intestinal
tract, although it is not yet established whether the virus is resistant to gastric acidity, as
well as to the detergent action of bile salts [ 23,24].

Risk factors for the evolution of SARS-CoV-2 infection in severe and critical forms
are age, male gender, obesity, smoking, comorbidities (hypertension, type 2 diabetes,
renal failure).

The question of the year 2021 is: will immunity, naturally or vaccine-induced, be
effective against evolving SARS-CoV-2 variants, or will the variants be able to escape
human immunity? In other words, will B.1.1.7, B.1.351, P.1, or other upcoming variants
be able to escape naturally or arti cially acquired active immunity as well as the effect of
monoclonal antibodies [ 19].

This review aims to discuss the antiviral immune response in SARS-CoV-2 infection.
Cellular and humoral immune response, as well as the SARS-CoV-2 immunopathology,
will be discussed.

2. Antiviral Immune Response in SARS-CoV-2 Infection

Human viruses use different pathways to enter the host, such as respiratory (e.g., coro-
naviruses, in uenza, adenoviruses, measles, varicella-zoster, and rubella viruses) or diges-
tive tract (enteroviruses, hepatitis A virus, rotaviruses, noroviruses) [ 25,26], while others
enter through skin lesions or uids (blood, secretions) (e.g., HIV, hepatitis B and C viruses,
herpes simplex viruses, arboviruses) [25-27]. At the entrance gates, the virus must over-
come the rstline of defense represented by the cutaneous—mucosal anti-infectious barrier,
consisting mainly of physico-chemical mechanisms, the presence of normal microbiota,
and the components of the subcutaneous and mucosa-associated lymphoid tissue (Table 1).

SARS-CoV-2, carried by saliva and nasal secretions released during speaking, shouting,
sneezing, and coughing, infects the nasopharyngeal epithelium cells, having a 10-20 times
higher af nity than other SARS viruses for the ACE2 receptor of respiratory tract epithelial
cells. SARS-CoV-2 enters the cell through the mechanism of endocytosis or membrane
fusion of peplos. The average incubation period before the onset of symptoms is variable,
between 4 and 10 days, depending on the amount of infectious virus. However, symptoms
appear after an average time of 11 days, during which the patient spreads the virus [ 28].
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The disease is often asymptomatic. The clinical form has various symptoms, featuring
mild, moderate, or severe cases. Most patients with severe disease develop ARDS (acute
respiratory distress syndrome), accompanied by high rates of mortality, characterized by
bilateral leukocyte in Itrate and hypoxemia (decreased arterial PO »/inspired PO 5 ratio),
requiring mechanical ventilation [ 29]. After entering epithelial cells, the virus, with an
RNA genome of positive polarity, multiplies at a high rate. As a result, the viral load in
the epithelium of the upper respiratory tract reaches its maximum value 5-6 days after
the onset of symptoms. Clinical manifestations may differ from one individual to another,
being in uenced by insuf ciently known genetic features. Nevertheless, the extent of
the pathological process itself is primarily dependent on the reactivity of the innate and
adaptive immune system components, which are activated and mutually potentiated in
a complex network of cellular and molecular interactions. During the antiviral immune
response (IR) triggered either by the viral infection and/or the vaccine administration,

a complex interplay between the innate and adaptive immunity cellular and molecular
components (Table 2) occurs, depending on the nature of the virus (structure, multiplication
cycle, entry gate), as well as by the genetic predisposition of the host [ 30].

Table 1. The mechanisms of the anti-infectious cutaneous-mucosal barrier.

Entry Gate Local Defense Mechanisms
Desiccation
Acid pH
Temperature variations
Cutaneous tissue Desquamation of epithelial cells

Resident microbiota at this level (competition for adhesion and colonization sites)
Hair follicles and sebaceous glands
Subcutaneous lymphoid tissue
The blinking re ex periodically removes
Conjunctival mucosa pathogens that have reached this level
Mucosa Conjunctival secretion (slgA)
The mucin layer traps pathogens Nasooharvnx Resident microbiota
Submucosa lymphoid tissue phary Secretions (slIgA, phagocytes)
Mucus
Ciliary movements
Lung Macrophages
Periodic desquamation
slgA
Complement
Resident microbiota
Low pH
Proteolytic enzymes
Low/High uid velocity
Low uid velocity

Upper respiratory tract

Gastro-intestinal and genito-urinary tract

Table 2. Effectors of innate and adaptive antiviral immunity.

Antiviral Immunity Components Innate Adaptive

Intrinsic antiviral substances, interferons, complement,

pro-in ammatory cytokines Speci ¢ antibodies (IgG, IgM, IgA)

Molecular factors

Cells Natural killer (NK), phagocytes, dendritic cells (DCs) T and B cells
Primary infection + +
Secondary Infection + +++
Immunological memory +

2.1. Antiviral Innate Response in SARS-CoV-2 Infection

The cellular effectors of the innate IR are represented by various phagocytic cells,
DCs, and innate immune lymphoid cells, while the molecular effectors are represented by
different antiviral molecules [ 31].
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The innate immune phagocytic cells are in the rst line of antiviral defense, being
activated by pathogen- and danger-associated molecular patterns, as well as by metabolite-
associated danger signals. The newly formed virions are detected by tissue macrophages
as soon as they attach to the surface of epithelial cells. The macrophage activation is
based on the detection of a wide variety of viral antigens through a limited number of
pattern recognition receptors (PRR), expressed on macrophages, monocytes, dendritic
cells (DCs), and neutrophils. PRRs are activated by DAMP (damage-associated molecular
patterns) (dead cell contents, heat-shock proteins released after cell damage) and PAMP
(pathogen-associated pattern). The best known PRR receptors are TLR (toll-like receptors)
and NLR (nucleotide-binding oligomerization domain-like receptors) [ 32,33]. In the case of
SARS-CoV-2, the early activation of the innate IR by speci c PAMPs (viral RNA, oxidized
phospholipids) seems to be essential to stopping the viral infection progression behind the
entrance gate [34]. The SARS-CoV-2 infection triggers the activation of a cytoplasmic recep-
tor (of the NOD-like family) in macrophages, epithelial, possibly even endothelial cells that
contain the NLRP3 in ammasome. NLRs form support oligomers for caspase-1 activation.
Active caspase-1 cleaves the family of pro-in ammatory cytokine interleukin (IL)-1 into
the bioactive forms IL-1 and IL-18. In addition, TLR-3, -7, -8, and -9 receptors respond to
viral RNA and activate the NF- B pathway, followed by pro-in ammatory cytokine cas-
cade activation [35]. Thus, activation of macrophages and release of neutrophil-attracting
pro-in ammatory cytokines may limit the spread of the virus. The activation of the innate
IR could either lead to viral infection clearance or to the activation of adaptive IR by the
antigen-presenting cells (APC) [36]. The pro-in ammatory cytokines produced during the
innate IR are tumor necrosis factor-alpha (TNF- ) and IL-1, which stimulate the expression
of endothelial adhesion molecules, favoring the accumulation of neutrophils, macrophages,
bloodborne dendritic cells, and NK cells to the site of infection [ 31]. Furthermore, the
produced antiviral interferons (IFN) activate hundreds of interferon-stimulated genes
(ISGs), their products exhibiting antiviral effects, such as viral nucleic acid degradation
and inhibition of viral gene expression [ 31].

IFN 1 ( , ) synthesis represents the primary, essential form of a prot ective response to
SARS-CoV-2 infection. IFN is a powerful molecular messenger whose synthesis is induced after
the detection of intracellular PAMP viral components (e.g. , viral RNA) by the RIG-I (retinoic acid-
inducible interferon gene) and MDAS (melanoma differentia tion-associated gene 5 recognition
sensors of the innate immunity cells (monocytes/macrophag es, DC, neutrophils).

NLR and RLH (rig-like helicases) are soluble cytoplasmic proteins that monitor the
intracellular environment for intracellular invaders (PAMP) and DAMP signals. After
stimulation of the two helicases, NF- B and IRF3/7 are activated, and gene transcription
for IFN lis induced [ 32,34,37]. IFN | binds to speci ¢ membrane receptors (IFNAR) and
triggers the expression of hundreds of ISGs, with different functions, including direct
inhibition of viral multiplication, NK cell recruitment, and activation of adaptive immune
response cells. Rapid and robust synthesis of IFN limits the multiplication of SARS-CoV-2
and the infection is either asymptomatic or has a mild form. IFN Ill ( ) is restricted
to the mucosal surface, and it is assigned with a protective role, as it does not induce
in ammation [ 38]. SARS-CoV and seasonal coronaviruses (229E, NL63, OC43, and HKU1)
induce a weak IFN synthesis compared to other RNA viruses. SARS-CoV- suppresses IFN
releasein vitro and in vivo , and SARS-CoV-2 has the same effect, suggested by the absence
of IFN land IFN Il () in infected cell lines, in primary bronchial cell cultures, and in vivo,
(on ferrets). The serum concentration of IFN | is undetectable by conventional methods,
although ISGs are expressed, suggesting that a small amount of IFN I is required for their
activation. The ability of different tissue cells to respond to IFN | differs depending on their
physiological state. The plasmacytoid DC (pDC) produce 1000 times more IFN | than any
other cell type and are resistant to the multiplication of most viruses [ 39].

An important part of the innate antiviral immunity is represented by the intrinsic
immunity, which is mediated by constitutively expressed or induced factors that recognize
speci ¢ viral components and restrict the viral multiplication cycle, rendering host cells
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non-permissive to a certain virus [ 40]. These proteins could be included in the PRR category,
as they bind directly to viral components; however, unlike other PRRs that inhibit viral
infection indirectly by inducing interferons and other antiviral molecules, intrinsic antiviral
factors block the viral replication immediately and directly, often before the onset of the IFN
response [41]. The expression of intrinsic antiviral factors in different cells and individuals
dictates the permissiveness or non-permissiveness of a cell type to a certain virus. They
also play an important role in limiting cross-species transmission of a virus and thereby
determining the viral tropism [ 41].

2.2. Antiviral Adaptive Immune Response in SARS-CoV-2 Infection

The cells of the adaptive immunity are B and T cells, while the adaptive humoral
immunity is mediated by antibodies. During the adaptive antiviral IR, both cell-mediated
immunity (CMI) and humoral-mediated immunity (HMI) are important for resolving viral
infection [ 42]. CMI eliminates the infected cells, thus stopping the viral multiplication
cycle. Meanwhile, the main effectors of the speci ¢ HMI neutralize the free viral particles
present in the human body and recognize the viral antigens exposed by the infected cells,
thus activating the antibody-dependent cell-mediated cytotoxicity (ADCC) or complement
activation [ 31].

2.2.1. Humoral-Mediated Immunity-Activation of B Cells

Some viral antigens are T-dependent so that, for the HMI activation, B cells require
cooperation with Th2 cells [ 43]. Ig receptors of speci ¢ B cell clones recognize the native
spatial conformation of virion surface antigens (Ag) or soluble viral Ag circulating in the
internal environment [ 44]. B cell-embedded Ag is processed in the cytoplasm and presented
in association with membrane major histocompatibility complex (MHC) Il molecules, where
CD4+ T cells speci cally recognize them. Depending on the set of released cytokines, CD4+
T cells are classi ed into two subpopulations: Thl and Th2 [ 45]. Thl cells release CMI-
stimulating IL-2 and IFN , mediating the differentiation of CD4+ and CD8+ T cells, which
are dominant in viral or intracellular bacterial infections [ 46€]. The Th2-type cytokines
IL-4, -5, -13 stimulate B cell proliferation and differentiation, which has a dual role, being
both APC for Th2 cells and HMI effector cells. Activated clones proliferate and synthesize
speci c IgM, IgA, and IgG [ 38,47].

In the acute stage of the infection, the speci ¢ Ab titer is barely detectable but reaches
its maximum value at 2—4 weeks and persists for weeks, months, or even the entire life
(e.g., for yellow fever and measles virus), playing an essential role in preventing reinfection
and newborn protection [ 48]. Speci ¢ Ab interact with extracellular, structural, or non-
structural viral Ag, the main effect being the neutralization of viral particles, i.e., the loss of
virion infectivity [ 49]. The binding of Ab to viral Ag exposed on the infected cell's surface
can block the release of virions. Activation of complement cascade or of ADCC causes lysis
of the infected cell (cytolysis) [ 50].

However, non-cytolytic Ab can mask viral Ag exposed to the cell surface, which
is inaccessible to lytic effector cells (CD8+ cytotoxic T cells, NK cells) [46]. Ab have an
essential contribution in ending the viremic phase of the infectious process by reducing
viremia, decreasing infectivity, reducing the number of infected cells, and the burden on
CD8+ cytotoxic T cells [51]. Long-term maintenance of elevated serum Ab titers requires
continuous synthesis of these molecules, even in the absence of Ag by the memory B
cells [57]. If the infection is persistent, viral Ag will recruit new B cells [ 53]. During the
secondary infection, antibodies are synthesized rapidly, at a higher titer [ 54].

Antiviral Ab synthesized during the primary immune response (PIR) have multiple
speci cities, low binding energy (af nity), and thus, easily dissociate; therefore, residual
infectivity could persist. In some cases, Ab do not cover the critical sites of the virions
and does not neutralize the viral particles [ 55]. Neutralizing Ab are synthesized after
af nity maturation and are essential for protection against reinfection with the homologous
virus [ 56].
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Sometimes, Ab stimulate viral infectivity when the virion-Ab immune complexes,
through the Fc region of Ig, bind to the Fc receptor of monocytes/macrophages and gran-
ulocytes and stimulate viral particle internalization [ 57]. This phenomenon, called ADE
(antibody-dependent enhancement), has been demonstratedin vitro for Bunya, Corona,
Flavi, Ortho, Paramyxo, Retra, and Rhabdo and Togaviruses [58-60)].

The standard test for detecting neutralizing Ab in the case of SARS-CoV-2 infection is
using pseudovirions with liposome-associated S protein instead of virions. Other methods
are ELISA and the lateral ow assay (LFA), in which the Ag is represented either by the
integral S protein, the S1 fragment, or RBD [61,62]. A positive serological test indicates
previous exposure to one or more viral epitopes, but false-positive results could occur if
the pathogen or even the vaccine share common epitopes with other infectious agents.
However, Ab detection is essentially helpful for the early diagnosis of infection, for the
diagnosis of suspected infection cases with negative RT-PCR test, and for identifying
asymptomatic infections [ 63]. The seroconversion for total Ab, IgM, and IgG was 11, 12,
and 4 days, respectively. In the serum of uninfected children and adolescents, anti-S1 and
S2 speci ¢ IgG, along with IgM and IgA, were detected as proof of an earlier seasonal
coronavirus infection and their cross-reaction to the S protein of SARS-CoV-2 [ 64]. In SARS-
CoV-2 infection, Ab speci c for protein S and N are detected, on average, 10-14 days after
the onset of symptoms. A longitudinal study of Ab dynamics over a 3-month interval after
the onset of symptoms in 113 hospitalized patients revealed that IgM synthesis precedes
IgG synthesis, reaching a maximum titer within 2—5 weeks, and decreases in 3—7 weeks after
the symptoms' disappearance. IgG reaches maximum titer in weeks 3-7 post-infection,
and the plateau persists for at least 8 weeks. The neutralizing Ab are detected at 7-15 days
reach a maximum at 14-22 days, then decrease. The titer is lower in asymptomatic patients
or those with mild forms of the disease. Cross-reactivity with other coronaviruses is
limited [ 61,65]. Speci c anti-RBD Ab are essential for the protective, neutralizing effect,
while anti-non-RBD Ab may have an ADE effect [ 66]. Anti-SARS-CoV-2 neutralizing
Ab are 90% anti-RBD and anti-N protein and correlated with the clinical scores of the
647 subjectsanalyzed by a high-resolution serological method. Anti-RBD Ab have a rate
of 1/2 at 49 days, but in some patients, the titer increases due to increased maturation
af nity [ 67]. Assessing the duration of protective immunity is essential for understanding
vaccination, plasma therapy, or monoclonal Ab treatments [ 62]. Convalescent subjects have
high plasma levels of anti-RBD, anti-S2, and anti-N 1gG [ 68]. However, after an average of
39 days from the onset of symptoms, speci ¢ anti-RBD Ab titers in convalescent patients
decrease. Speci ¢ anti-RBD IgG and IgA decrease signi cantly 6—10 weeks after the onset
of symptoms, and IgM titer has a much faster decrease [69].

The amplitude of HMI was correlated with the severity of the pathology. Ab at a
neutralizing titer are synthesized after at least 8 days from the onset of symptoms in 95% of
patients. After 60 days, the titer decreases with individual variations: after 94 days, some
have a neutralizing titer, but in most cases, the titer decreases to undetectable values, a
common feature of seasonal coronavirus infections [70]. The practical conclusion is that in
order to be effective in treating SARS-CoV-2 infection, plasma must be harvested shortly
after the disappearance of symptoms [71].

Anti- SARS-CoV-2 Ab were also detected in saliva. A longitudinal study of serum
(439 sampleg and saliva (128 samples) Ab titers over 3—115 days after symptoms, compared
with negative control samples, showed that the maximum titer of anti-RBD Ab is reached
in an interval of 16—30 days in both uids. In saliva, IgA decreases rapidly, while in
serum, IgM and especially 1gG levels are maintained for at least 3 months in most samples.
Therefore, measurements of IgG in saliva may indicate speci c immunity, showing a
correlation with serum IgG titer [ 72].

People with asymptomatic infections activate a low-intensity IR and have lower levels
of pro-in ammatory cytokines. As a result, they produce viruses for a more extended
period than the symptomatic ones. Furthermore, they become negative for IgG to a greater
extent than symptomatic ones immediately after infection [ 70]. Convalescent subjects after



Microorganisms2021, 9, 2578

7 of 22

SARS-CoV-2 infection have high titers of anti-protein S (RBD and S2) and anti-N IgG and
large populations of reactive memory B cells [ 68].

Depending on the reactivity of the HMI, a proportion of the infected individuals
remain carriers of the virus for a variable interval. The incubation period of SARS-CoV-
2 is 1-14 days, with an average of 5-6 days. Viral RNA levels decrease rapidly in the
second week of the disease and may become undetectable in the nasopharynx by RT-PCR
assay [73]. After meeting the quarantine discontinuation conditions with the negative
nasopharyngeal/oropharyngeal RT-PCR test, some patients returned positive to the RT-
PCR test after 5-13 days [4]. The severity of the pathology does not correlate with the
duration of persistence. Persistent infection is a feature of coronaviruses, probably caused
by the fact that the virus envelops in intracellular membrane structures (endoplasmic
reticulum, Golgi cisterns), and epithelial cells are ineffective in presenting viral Ag to
the membrane. Carmo et al., (2020) identi ed patients with mild disease who remained
positive, persistently infected for a longer interval (51 days until the rst negative test)
than those with severe disease [75]. The new genomic variants may cause reinfection,
with severe symptoms [ 76-78]. The increase in the level of infectivity of the new strains is
the result of a process of adaptation of SARS-CoV-2 to the human host, which probably
consists of the ability to multiply in a shorter cycle, to initiate the infectious process with
a smaller number of virions, to attach more rmly to the ACE2 cell receptor, or even to
infect a broader spectrum of cells. Macacus rhesumfection with SARS-CoV-2 by tracheal
application produced a moderate infection with interstitial pneumonia and high titer viral
excretion. Reinfection with the identical viral strain in the early recovery phase from the
initial infection did not produce detectable viral dissemination or clinical manifestations.
However, the HMI response after secondary infection revealed a higher titer of neutralizing
Ab[79].

2.2.2. Cell-Mediated Immunity-Activation of T Cells

Cell-mediated immunity (CMI) is the principal mechanism of antiviral speci c defense,
preceding Ab synthesis in all viral infections, but especially in cytolytic ones[ 80]. T cells
recognize viral Ag only after processing and presentation by APC in association with MHC
molecules (Figure 1). Among APC, the bridge between the innate and adaptive antiviral
IR is accomplished by DCs, which are generated in the bone marrow, from the lymphoid,
i.e., plasmacytoid DC (pDC) and myeloid (mDC) lines. They are well represented at the
host entry sites and are not prone to infection. Furthermore, their response is not inhibited
by viral proteins, which facilitates their function as sensors of infection [ 39,81,82]. In the
early stage of viral infection, interstitial DCs (IDC) take up viral Ag at the virus gateway by
phagocytosis, receptor-mediated endocytosis, or pinocytosis, and migrate to the regional
lymph nodes and spleen. DCs present the Ag in association with MHC | and MHC 1l
molecules to both naive CD8+ and CD4+ T cells [83]. Any protein encoded by the virus,
structural or NS, can be processed by infected cells or by accessory cells of the immune
response. The CD4+/CD8+ T cells indirectly recognize, through the membrane T cell
receptor (TCR), viral Ag processed as short peptides (8—12 amino acids) and presented on
the surface of infected cells in association with MHC [I/MHC | molecules [ 84]. From the
secondary lymphoid organs where they were activated, CD8+ and CD4+ T cells disperse
in the body and accumulate at the site of infection. CMI reaches its maximum intensity
two days after infection and mediates the early lysis of the infected cells at the end of the
virus multiplication cycle [ 80].

CD4+ T cells synthesize cytokines that stimulate and attract macrophages, neutrophils,
and essential antiviral effector cytokines with nonspeci c actions (IFN ), responsible for
inducing the antiviral state of sensitive cells and exhibiting a cytotoxic effect. Activated
CD4+ T cells also stimulate the differentiation of B cells and Ab synthesis. The CD8+ T cells
produce a cytotoxic (lytic) effect on infected cells, mediated primarily by granzymes and
perforin. In addition to their direct cytotoxic action, CD8+ T cells also produce antiviral
effector cytokines (IFN , TNF ) and chemokines [50]. Activation and proliferation of CD4+



Microorganisms2021, 9, 2578

8 of 22

and CD8+ T cells, and an increased count of activated circulating B cells (plasmablasts),
indicate the building of an effective antiviral IR[ 81].

In most patients infected with SARS-CoV-2, T cells are activated by epitopes located
mainly on proteins S, M, and N. The total number of lymphocytes and those with anti-S
speci city correlates with the anti-S Ab titer [ 85]. Peng Y et al., (2020) identi ed 41 peptides
containing epitopes recognized by CD4+ and/or CD8+ T cells, correlated with anti-protein
S Ab synthesis. Activation of CD+ T cells in the acute phase, and convalescents, has been
associated with less severe disease. It was observed that in the absence of detectable
neutralizing Ab, the patients with CMI have been cured without hospitalization, while
those with neutralizing Ab, but without detectable CD4+ and CD8+ T cells underwent
a fatal evolution [ 86]. T cells activated by seasonal coronaviruses cross-react with SARS-
CoV-2, due to the high degree of identity of the amino acid sequence of S peptides. Cross-
reactivity may explain different clinical manifestations of infection, from asymptomatic to
life-threatening [ 87].

The immune response in SARS-CoV-2 infection is in uenced by several factors, such
as the HLA haplotype (different ability of MHC molecules to present the viral epitopes to
T cells), dose of infectious virus, presence of immunode ciency, IFN | level, immunotype
of adaptive CMI, and onset of an adequate innate IR [ 66,38].

The different reactivity and clinical manifestations of SARS-CoV-2 infection in children
and young people, as compared to adults, could be explained by the particular aspects of
the IR in different age groups [ 89]. SARS-CoV-2 infection in children and young people
is often inapparent, and the clinical one is mild or moderate. The mortality rate is lower
compared to adults, even in those with multisystemic in ammatory syndrome. In adults,
the neutralizing Ab titer is higher, as well as the pro-in ammatory IL-17A and IFN
concentrations [90]. The increase in the proportion of Th17 is associated with the chronic
evolution and progression of in ammatory processes similar to those found in some
intestinal in ammatory diseases. The superior resistance of children and adolescents to
SARS-CoV-2 infection is also thought to be due to their recent infections with seasonal
coronavirus infections providing them with cross-protective immunity. However, infection
with seasonal coronaviruses is not associated with humoral or cellular immunological
memory, but pre-existing IgG, speci ¢ to the S1 subunit containing the RBD sequence is
detected in uninfected children and adolescents. Seasonal coronavirus infection could
induce anti-S1 and anti-S2 IgG, IgM, and IgA synthesis as a cross-humoral response to
coronavirus protein S [ 64,91]. In the same age groups, 20-50% of the population has anti-
SARS-CoV-2 T-reactive cells without exposure to the virus. However, after exposure to
SARS-CoV-2, these T pre-activated cells do not respond intensely P2,93]. Anti-SARS-CoV-1
HMI appears to be long-lasting. Twenty-three individuals who underwent SARS-CoV-1
infection in 2003 have robust immune memory mediated by CD4+ T cells, which cross-
react with SARS-CoV-2 S, M, N proteins, but do not cross-react with MERS homologous
proteins [94,95].

2.3. Deleterious Effects of the Immune Response in SARS-CoV-2 Infection

The critical point of the evolution of SARS-CoV-2 -associated pathology is the transi-
tion from a protective immunity to an exacerbated in ammatory response and a signi cant
decrease of the adaptive immune reactivity. The components and evolution of the IR in
SARS-CoV-2 infection are presented in Figure 1.
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release cytokines (TNF , IL-2, IFN ) that activate CD8+ cells, leading to proliferation and differenti-
ation in effector cells (4). The T cells release cytokines (IL-4, 5, 6) with a regulatory function of the
speci c response of B lymphocytes to viral Ag (5). B cells respond by proliferation and generation of
memory and plasma cells. Activated CD8+ T cells disseminate into the host tissues and subsequently
exert cytotoxic effects on infected cells (6). In individuals with normal immunoreactivity, the initial

in ammation triggered by infection of the epithelium attracts T cells and macrophages that induce
the infected cells before the release of progenitor virions and neutralizing Abs block the spread
of virions. Hence, the infectious process is stopped with minimal tissue damage and subsequent
recovery (7a). In the case of an exaggerated in ammatory response, accumulation of in ammatory
cells in the infected tissue results in overproduction of pro-in ammatory cytokines, which may lead
to multiorgan damage (7b) (adapted after Tay et al., 2020 [96]).

De ciency of IFN | and 1l synthesis has been correlated with severe forms of disease
in the case of SARS-CoV-2 infection P7,98]. From the 27 proteins: 4 structural (S, E,
M, N), 16 NS, and nine accessory proteins encoded by SARS-CoV-2, and at least 10 NS
proteins allow the virus to escape or counteract the IFN | antiviral status induction. In
addition, some NS proteins interact with cellular mMRNA and non-coding RNA involved in
protein synthesis. For example, NSP16 suppresses cellular mRNA synthesis, and NSP8 and
NSP9 interfere with protein traf cking to the cytoplasmic membrane. Disruption of these
functions suppresses the cell's IFN | response pathway to infection [ 99,10(]. Moreover,
IFN | could also exhibit pathogenic effects, as a small set of ISG genes has proviral activity
by stimulating ACE2 expression on lung pneumocytes, enterocytes, and mucus-secreting
cells of the nasal mucosa [L0]]. Double-stranded RNA-dependent protein kinase (PKR-
eukaryotic protein synthesis initiation kinase-elF-2), which inhibits viral mMRNA translation,
is encoded by a gene in the ISG set. A MERS protein blocks PKR activity, but SARS-CoV-2
interference with this protein is unknown [ 99].

Delayed synthesis of IFN I, due to a genetic or physiological de ciency, allows viral
multiplication before ISG expression. Thus, the SARS-CoV-2 infection progresses to the
clinical phase. In contrast to those with mild and moderate pathology, patients with severe
and critical forms show a diminished response to IFN I, with undetectable IFN and low
IFN levels, a condition that precedes clinical deterioration. In patients with severe forms
of the disease, pDCs have a diminished ability to produce IFN and TNF [102.

In the absence of IFN as an antiviral mechanism, the body activates an in amma-
tory response, which, especially in the lungs, has a pathogenic role: pulmonary edema,
accumulation of monocytes/macrophages in the lung parenchyma, and secretion of pro-
in ammatory cytokines (IL-1, IL-6) and chemokines (IP-10 = IFN induced protein 10,
MIP1 , MIP1 , MIP-1 = monocyte attractant protein 1) attractive to monoc ytes, macrophages,
and T lymphocytes at the site of infection. The monocytes and macrophages accumulated
in the lung parenchyma synthesize an excessive amount of pro-in ammatory cytokines,
producing a systemic cytokine storm, responsible for multiorgan lesions [ 103104. The
persistence of activated macrophages and neutrophils ampli es the release of IL-1 and
IL-6 and the recruitment of neutrophils, monocytes, and lymphocytes. In the pulmonary
parenchyma, activated neutrophils release leukotrienes which attract neutrophils. The
in ammatory ood compromises the interstitial tissue and alveoli[ 105. In severe cases,
due to impaired immune function, SARS-CoV-2 infects type Il (secretory) pneumocytes
and CD169+ macrophages (both expressing ACE?2) but does not infect T or B lymphocytes.
Cytokines released by infected lung cells are attractive to T lymphocytes in the parenchyma,
which synthesize IFN and amplify the in ammatory response, associated with edema
and extensive clinical manifestations, such as severe respiratory distress syndrome (ARDS),
8-9 days after the onset of symptoms [61,106107.

Many therapeutic approaches in COVID-19 include the use of immunosuppressive or
immunomodulatory drugs, as well as of monoclonal antibodies targeting pro-in ammatory
effectors or contributing to reestablishing the protective immunity (Table 3).
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Table 3. Proposed therapeutic strategies for reducing the deleterious effects of exacerbated in ammatory response in

COVID-19 disease.

Drug Class Target/Pathway Name Effect
__Anti-in ammatory, ) N Combined with GC, prevents
antl-an_glogemc, and anti- brotic Thalidomide SARS-COV2 pneumonia [10g]
immune modulator
Anti-in ammatory Lianhuagingwen Reduces TNF- , IL-6, CXCL10, MCP-1
levels [109
. . Recovers
Anti-in ammatory, prevents Chloroqume/. the levels of NK cells and CD8+ T cells
cellular autophagy Hydroxychloroquine (110
Reduces death in severe cases1]]
Anti-in ammatory Corticosteroids (dexamethasone) RECOVERY Collaborative Group,
2021
Anti-in ammatory, Naproxen Reduces viral load, suppresses RNA
immunosuppressive Indomethacin synthesis [112-114]
Reduces duration of detectable virus,
IFN- 2b reduces circulating levels IL-6, CRP
Anti-in ammatory, antiviral [115
IFN-  2b with or without NCT04354259, NCT04343976,
umifenovir NCT04344600, NCT043887091[16]
Rilonacept
) Anti-in ammatory, NLRP3 Inzomelid, Somalix, Dapansutrile [117-119
Immunosuppressive/ in ammasome inhibitor (small molecule NLRP3

Immunomodulatory drugs

Activating and regulating
immune cells
Restores CD4+ and CD8+ T Cells
Counts

JAK signaling inhibitors

Serine protease inhibitors

Modulation of the
sphingosine-1-phosphate receptor
1 pathway

Antagonist of the IL-6 receptor
Recombinant mAb that binds to
both soluble and
membrane-bound IL-6
Bruton's tyrosine kinase (BTK)
inhibitor- effects on the signaling
of TLRs, IL-1R, CD19, BCR,
CXCR4, and Fc -R1
Recombinant antagonist of the
IL-1 receptor

Anti-TNF-  antibody

Anti-GM-CSF monoclonal
antibody
Rhu GM-CSF
Partial opioid agonist

MSC-based therapy

Hemodialysis, hemo ltration,
plasma exchange, and
hemoperfusion

Monoclonal antibodies

Blood puri cation therapy

inhibitors)

Thymosin 1

Baricitinib
Fedratinib
Ruxolitinib

Nafamostat mesylate
Camostat mesylate

Fingolimod

Tocilizumab and sarilumab

Siltuximab

Acalabrutinib
Ibrutinib
Acalabrutinib

Anakinra, Gevokizumab,
Canakinumab
in iximab, adalimumab,
certolizumab pegol
Lenzilumab
Gimsilumab Namilumab
Sargramostim
Meptazinol
MSC-derived exosomes
(MSC-Exo)

Cytosorb

Shorten viral RNA shedding duration
and hospital stay [ 120,121]

Blockage of virus entry and the
attenuation of host excessive
in ammatory response
NCT04970719
NCT04477993
inhibitors of complement pathways
and broad-spectrum
anti-in ammatory agents
[122
sphingosine-1-phosphate receptor
modulator, which sequesters
lymphocytes in lymph nodes,
preventing them from contributing to
an autoimmune reaction
NCT04280588 (ittps://clinicaltrials.
gov/ct2/show/NCT04280588
(accessed on 5 December 2021)
Reduce the cytokine storm [ 123124]

NCT04330638

[129

Clinical trials:
NCT04375397 NCT04439006
NCT04564040 NCT04380688
Reduce death and hospitalization

[119126-130

Reduce the cytokine storm [131,137]
ChiCTR2000030089

Reduce the cytokine storm [133

[133-136]
Reduce the cytokine storm [ 137

Trials ongoing [ 138-14Q

Reduce the cytokine storm [141,147]

Legend: AAK1-AP-2 associated protein kinase 1, GC—glucocorticoids, GM-CSF—granulocyte-macrophage colony-stimulating fac-
tor, SARS-CoV-2 main protease—CoV MP, IFN—interferon, MSC—mesenchymal stem cell, Nab—neutralizing antibodies, Rhu
GM-CSF—recombinant human granulocyte-macrophage colony-stimulating factor, TMPRSS2—transmembrane protease serine 2.
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Plasma levels of IL-6 increase in all chronic in ammatory reactions but also in the
cytokine storm associated with SARS-CoV-2 infection [ 128143. It is well known that the
pathogenesis of SARS-CoV-2 is ampli ed by pre-existing comorbidities of the cardiovas-
cular (hypertension, diabetes) and renal systems, as well as by obesity, which decrease
the body's ability to adapt and tolerate high systemic cytokine concentrations. Viremia
con rmed by RT-PCR analysis is associated in critically ill patients with a 10-fold increase
in the concentration of IL-6 [ 105. The elevated serum level of IL-6 is a marker of the need
for mechanical ventilation (Table 4) and re ects its role in recruiting other mediators of
the in ammatory reaction [ 144]. Therefore, measurement of the most critical concentra-
tion (IL-1, IL-2, IL-6, TNF ), markers of the amplitude of the in ammatory process, is
necessary for the prognosis of the pathology and the identi cation of antagonists as a
therapeutic measure.

Table 4. Immunological markers used for the diagnosis and strati cation of COVID-19 disease.

Specimen

Parameter Change Type COVID Status Biosafety Reference
Lymphocyte count Lymphopenia Blood Increased severity Clinical laboratory [ 145
Neutrophile count Neutropenia Blood Increased severity Clinical laboratory [ 145

ALT, AST, LDH, CRP, Ferritin Elevated serum Increased severity Clinical laboratory [ 145
IL-6 increased serum Critical illness Clinical laboratory [ 145
D-dimer, lymphopenia Elevated levels serum Risk of death Clinical laboratory [ 149
IL-8 Moderately increased serum Moderate severity Clinical laboratory [ 149
IFN Not elevated serum All forms Clinical laboratory [ 14§
Chronic COVID Clinical laboratory/biosafety
SARS-CoV 2 IgG antibody Increased serum Increased in positive older level 2 [147,149
subjects
SARS-CoV 2 IgM antibody Increased serum Persistent COV_ID 10 Clinical Laboratory/biosafety [147.14
symptoms and disease level 2
Neutralizing antibodies Increased serum Indicate_immunity_; monitor Clinical laboratory/biosafety (149
vaccine effectiveness level 3

In severely or critically ill patients, the increased levels of serum cytokines (CRP,
IL-1, IL-2, IL-6, TNF , GM-CSF, IFN , NF-kB, IP-10, MCP-1, MIP-1a, MIP-1b) and lac-
tate dehydrogenase (LDH) promote systemic thrombosis (disseminated intravascular
coagulation—CID ), haemophagocytosis, lymphohistiocytosis, and multiorgan dysfunction,
a typical feature of the septic condition. Transcriptomic analysis of the broncho-alveolar
lavage uid of patients with mild disease revealed an increase in the expression of IL-1,
IFN , IP-10, MCP-1, while in critical patients, it showed an increase in the expression
of receptors for GM-CSF chemokines, IP-10, MCP-1, MIP-1a, and MIP-1b, indicators of
increased activating signals that direct the migration of immune cells to the site of in-
fection [149. Pyroptosis releases cytoplasmic components that function as DAMPs and
ampli es the release of pro-in ammatory cytokines.

Cytokine storms produce multiple pathophysiological effects and are clinically mani-
fested by ARDS and CID. GM-CSF stimulates medullary granulopoiesis and the circulation
of neutrophils and monocytes, which synthesize pro-in ammatory interleukins. Several
cytokines induce the febrile state and cell death, especially of the endothelium of the
pulmonary and renal vessels. Cell lysis increases the permeability of blood vessels, causes
edema, and lowers blood pressure. A consequence of the major pathological signi cance
of the cytokine storm is CID, a re ection of the interaction of cytokines with hemostasis
(discontinuity of the endothelium due to lysis causes platelet aggregation and the formation
of white platelet thrombi). Damaged endothelial cells release the tissular factor (thrombo-
plastin), the initiator of erythrocyte adhesion, and the formation of resistant red thrombus.
Cytokines induce the excessive activation of complement, which causes thrombus forma-
tion [ 15( (Figure 2). In experimental infection in mice, Clay et al., (2020) found that the
maximum concentration of pro-in ammatory cytokines was reached after the multiplica-
tion of the virus in the lung tissue was stopped [ 151]. Aid et al., (2020) highlighted vascular
endothelial rupture, thrombosis, and cytokine storm markers on histopathological sections
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in human lung tissue and rhesus [ 157. The virus passes into the blood, probably infecting
and lysing endothelial cells, which determines the formation of multiorgan thrombi, with a
lethal effect [153.
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Figure 2. The interrelation between in ammatory and coagulation cascades in the SARS-CoV-2
infectious process. The in ammatory response increases vascular permeability and activates the
complement macrophages and procoagulation phenotypes of platelets and endothelial cells, leading
to endothelial lesions (reconstructed after Aid et al., 2020 [157).

Anti-IFN 2 and anti-IFN ! | auto-Ab were detected in 14% of patients with severe
disease but not in those with mild or asymptomatic infections. Anti-IFN | auto-Ab are not
induced by infection; they pre-exist and are responsible for 37% of deaths and 94% acute
pneumonia in men, suggesting that the risk gene for inducing auto-Ab synthesis is located
on the X chromosome [154).

In 74% of patients with severe and critical forms, three regions of chromosome three
were identi ed as being directly or indirectly involved in pro-in ammatory pathology,
being associated with IFN dysfunction: IFNAR2 gene, OAS, DPP9 (dipeptidyl peptidase 9),
and TYK2 genes (tyrosine kinase 2). The IFNAR2 gene encodes the IFN receptor. Gene
mutations are rare, but tissue cells do not respond to the activating signal of viral multipli-
cation inhibitory protein synthesis in the absence of receptor functionality, which explains
4% of severe cases. OAS (oligo-adenosine synthetase) genes encode proteins that activate
the enzyme that degrades viral RNA. Mutation of a gene in the OAS group blocks the
activation of the enzyme, and the virus multiplies. The DPP9, TYK2 genes amplify the
in ammatory response triggered by the virus [ 155.

Overactivation of the NLRP3 in ammasome appears to play a role in initiating and
maintaining the in ammatory state, as also demonstrated for metabolic and neurode-
generative diseases [L5€. This mechanism seems to be involved in the SARS-CoV-2
immunopathological response. In bats, which tolerate SARS-CoV-2 infection, following an
adaptive interaction of tens of millions of years, IFN  synthesis is constitutive. However,
the activation of extensive in ammation is prevented by an anti-in ammatory mechanism,
consisting of the suppression of the NLRP3 in ammasome, a cytoplasmic sensor of innate
IR cells, recognizing PAMP and DAMP. Consequently, macrophages produce mainly the
anti-in ammatory IL-10[ 157.

ACE2, the SARS-CoV-2 receptor, an Ang ll-degrading carboxypeptidase, is well
expressed on the surface of mucosal and mucociliary cells of the nasal and bronchial
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epithelium, on the enterocytes of the ileum, and the cells of the corneal epithelium. It also
appears to be expressed in the myocardium [158 and vascular smooth muscle cells [159,
with an increased expression in diseased, compared to non-diseased, hearts [L60,161].

The expression of ACE2 on the surface of the cells is correlated with the initial symp-
toms and late organ damage. It is co-expressed with the TMPRSS2 co-receptor (serine
protease S2 transmembrane). Another co-receptor is DPP4 (dipeptidyl peptidase 4) [162.
However, in many tissues, especially fetal, the two molecules are not co-expressed [163.
After binding to the virus, ACE2 is cleaved by a metalloprotease (ADAM 17—a disintegrin
and metalloprotease domain 17) and passes into the uid of the epithelial surface. Acti-
vation of ADAM 17 modi es the epithelial receptor of IL-6 (IL-6R) to the soluble form,
which induces a cascade of pro-in ammatory events. IL-6R is a functional marker of
cellular senescence, and its serum levels growth is associated with an increased risk of
severe evolution of COVID-19 disease in the elderly [ 88]. The virus downregulates ACE2,
thus altering its anti-in ammatory role [ 159. In patients with severe and critical forms of
infection, decreased ACEZ2 function ampli es the effects of Ang Il, with increased vascular
permeability and in ammatory reaction, which causes acute lung damage due to RAS
(renin-angiotensin system) dysfunction. There was initial concern regarding whether the
RAAS blockade used in hypertensive patients might be deleterious in the context of SARS
CoV-2 infection by raising the expression of ACE2. However, these drugs do not increase
the expression of membrane-bound ACE2 [158 and do not cause greater myocarditis
susceptibility. The serological picture of the response is dominated by the increased con-
centration of pro-in ammatory cytokines [ 163. Viral infection can cause pyroptosis, a
highly in ammatory form of primary ciliary dyskinesia (PCD), common to viruses that
cause PCD.

Cardiovascular disease is known to be a major risk factor for unfavorable outcomes
in SARS-COV-2 infection, which could also cause myocarditis, pericarditis, heart failure,
arrhythmia, etc. [ 159. As ACE2 is downregulated in COVID-19, the unopposed effects of
angiotensin may cause heart failure, hypertension, thrombosis, and in ammation [ 164).
Quite a large proportion of COVID-19 patients (8—28%) have myocardial injury and elevated
troponin levels. Moreover, troponin and NT pro-BNP (N terminal pro-brain natriuretic
peptide) release have prognostic value in this category of patients [ 159.

Although the causes of the higher mortality rate of COVID-19 in men are hypothetical,
some of the reasons seem to be related to different alleles of ACE2, which is encoded by an X
chromosome gene, and to the immunoregulatory functions of sex hormones (estrogen and
testosterone) [L63. The necropsy of male patients showed the absence of GC in the ganglia
of the thoracic duct and the spleen, with a severe decrease in Bcl-6+ B and T cells, increasing
the number of Thl lymphocytes and aberrant TNF  synthesis in the same structures. In
addition, speci c SARS-CoV-2 B cells accumulate in the blood [ 165. Furthermore, men
have higher levels of IL-8, IL-18, and circulating monocytes, while women have a more
intense T cell response. Severe disease progression in women has been correlated with
high levels of plasma cytokines [ 166].

In comparison with asymptomatic contacts, harboring high counts of NK cells and
an early and transient increase of IgA and IgM, and less of IgG, patients with severe
infection have shown a marked increase in monocytes, high levels of IgA, and persistent
IgG, synthesized relatively late in comparison with patients with a mild infection, in which
a moderate monocyte growth and different dynamics of Ab synthesis were reported [ 144].
In patients with mild disease con rmed by RT-PCR, speci ¢ Ab titer decreases rapidly
after 90 days [167]. In patients with severe disease, serum IgA occurs two days after
symptoms and has a higher titer than in those with mild disease, being associated with
pulmonary embolism and kidney damage [ 168169. The slgA synthesized in mucosal
lymphoid structures have a protective role, but at the same time, sIgA could induce the
synthesis of IL-6, IL-8, MIP-1 (monocyte attractant protein 1), and GM-CSF [ 169.

Lymphopenia (800 T cells/ L) induced by SARS-CoV-2 is a constant in all patients
with severe pathology. Histopathologic analysis of dead patients' lymph nodes tissue sam-
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ples has shown a lack of germinal centers (GC), a substantial decrease in B lymphocytes in
GC, parallel to the abundance of Thl cells, and aberrant production of TNF- in the lymph
nodes. CG loss was accompanied by extrafollicular activation of B lymphocytes. This could
explain the marked lymphopenia of SARS-CoV-2 patients, absence of IgM to 1gG class
switching, and low levels of neutralizing serum Ab, which remained decreased even in late
convalescence in some patients. Th extensive extrafollicular activation of B lymphocytes
was not accompanied by memory or af nity maturation of B cell receptors [ 170. Another
cause of lymphopenia is that CD function is impaired and blocking their migration from
the infectious focus to secondary lymphoid organs, leading to decreased activation of T
cells[62,88,171-173. Eosinophils are effector cells of nonspeci ¢ antiviral immunity, but
they are also APC and have a role in building a speci ¢ IR to some respiratory viruses. Their
number decreases by half and correlates with lymphopenia [ 35]. In patients with severe
disease, the number of uncommitted T lymphocytes increases, the proportion of polyfunc-
tional memory and Tregs that regulate immune reactivity decreases, and the proportion of
reactive Th 17 and CD8+ cytotoxic T cells increases 35,36,174. The activation of CD4+ T
cells has been shown to be much more intense in patients with severe disease B6,175. Thus,
immunotype identi cation can individualize therapeutic immunological interventions.
Three immunotypes of patients with severe forms of infection have been identi ed: (i) with
robust activation of CD4+ T cell, (ii) with an intense CD8+ T cells response and weaker
CD4+ T and B cells, and (iii) low percentage of activated lymphocytes (20%). The coordi-
nated functionality of the three components of adaptive immunity—respectively, CD4+,
CD8+, T cells, and Ab synthesis—are associated with milder disease. In individuals over 65
years of age, the coordination of the speci c immune response is disrupted because of the
small number of naive T cells associated with severe disease [L76. A protective immune
response to infection is of the Th1l type, activated by the S epitopes and characterized by the
synthesis of IFN , IL-2, and TNF- , while a predominantly Th2 response, with IL-4, -5, -13
synthesis can have detrimental effects [1L07]. The intense response of follicular cytotoxic Th
lymphocytes early in the disease was inversely correlated with the level of anti-protein S
Ab [92]. Flow cytometry analysis of CD4+ T cells in patients and healthy donors stimulated
with the S1 (C-terminal) and S2 (N-terminal) protein subunits show that most critically
ill patients did not react to the N-terminal peptides of the S protein fragments containing
RBD. Thus, the analysis indirectly suggests the critical protective role of CMI activated by
the RBD sequence of protein S.

3. Conclusions

The evolution of SARS-CoV-2 infection is individual and is in uenced by the pecu-
liarities of immune reactivity. Eradication of the infectious process requires the activation
of both compartments of the IR, innate and adaptive, humoral and cellular. IFN | synthe-
sis is the primary, essential form of antiviral surveillance. IFN limits the multiplication
of SARS-CoV-2, causing inapparent infection and mild form of the pathology. In the
dysfunction of IFN synthesis, the virus multiplies in the lower respiratory tract, and the
body's self-defense mechanism activates the in ammatory reaction, during which the
cascade of pro-in ammatory cytokine synthesis is activated. Excessive blood levels of pro-
in ammatory cytokines cause multiorgan dysfunction. In the critical forms, the infection
becomes viremic, as demonstrated by the presence of viral RNA in the plasma, forming
platelet thrombi in the capillaries. The complex interaction between the dysregulated host
immune response and COVID-19 severity enabled the rapid worldwide clinical evalua-
tion of different immunomodulators, which are currently investigated in terms of their
therapeutic effects in COVID-19 patients.
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Abstract: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has led to an excess in community mortality across the globe. We review
recent evidence on the clinical pathology of COVID-19, comorbidity factors, immune response to
SARS-CoV-2 infection, and factors in uencing infection outcomes. The latter speci cally includes
diet and lifestyle factors during pandemic restrictions. We also cover the possibility of SARS-CoV-2
transmission through food products and the food chain, as well as virus persistence on different
surfaces and in different environmental conditions, which were major public concerns during the
initial days of the pandemic, but have since waned in public attention. We discuss useful measures
to avoid the risk of SARS-CoV-2 spread through food, and approaches that may reduce the risk
of contamination with the highly contagious virus. While hygienic protocols are required in food
supply sectors, cleaning, disinfection, avoidance of cross-contamination across food categories, and
foodstuffs at different stages of the manufacturing process are still particularly relevant because
the virus persists at length on inert materials such as food packaging. Moreover, personal hygiene
(frequent washing and disinfection), wearing gloves, and proper use of masks, clothes, and footwear
dedicated to maintaining hygiene, provide on-site protections for food sector employees as well as
supply chain intermediates and consumers. Finally, we emphasize the importance of following a
healthy diet and maintaining a lifestyle that promotes physical well-being and supports healthy
immune system function, especially when government movement restrictions (“lockdowns”) are
implemented.

Keywords: pandemic; prevention; food hygiene; bioactive compounds; diet; lifestyle

1. Introduction

Since early 2020, the novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causing the COVID-19 pandemic has led to health care systems around the world
facing insuf cient resources [ 1]. As new SARS-CoV-2 variants arise, individual immunod-
e ciencies and co-morbidity factors, diet and lifestyle factors, vaccine effectiveness, and
vaccination rates will determine infection rates and persistence of the pandemic, and as
we have seen with the delta variant, health care systems everywhere struggle to treat the
number of severe COVID-19 cases, in many situations because of compromised immune
systems due to poor diets and lifestyle habits. The appearance of COVID-19 revealed short-
comings with the capacity for public health systems to respond early to a novel pathogen
and prevent a global pandemic, and moreover, it highlighted an emerging public health
crisis of comorbidities due to diet and lifestyles that exacerbate COVID-19 progression
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and outcome. While scienti c research and public health systems need to adapt quickly
to combat emerging pathogens, as we see in the current pandemic where medical science
produced the fastest development of a vaccine that has and continues to prevent countless
COVID-19 cases requiring hospitalization and reduced deaths due to co-morbidities, it also
became abundantly clear that the general state of public health can determine the outcome
of infection and the magnitude of excess mortality [ 2,3].

Despite efforts to contain the spread of SARS-CoV-2, this new, contagious virus is
challenging social welfare, public health, and the medical and scienti c research community
through its unpredictable spread via new variants, long-term effects of infection (i.e., “long
covid” and organ injury), and differing outcomes across demographic groups. Initial
measures were focused on containing the spread of SARS-CoV-2, through promoting mask-
wearing, hand-sanitizing, and stay-at-home measures, all of which are similar to measures
implemented to slow the Spanish u pandemic in 1917-1918 [ 4]. However, these are only
measures of containment and do little to address the problem of infection outcomes, which
are exacerbated by the modern diet, nutrition, and lifestyle behaviors, all of which have
been linked to prolonged infection, admission to intensive care units, and excess death
rates usually linked to co-morbidity factors.

We know from previous outbreaks of viruses similar to SARS-CoV-2 that higher
pathogenicity is generally correlated with lower transmissibility, and vice versa. As far as
we know now, SARS-CoV-2 has lower pathogenicity and moderate transmissibility com-
pared to MERS-CoV, avian SARS-CoV-1, Ebola, and H7N9 P]. However, in the many areas
of the world that lack suf cient medical resources to treat severe covid cases, infections
are resulting in greater mortality due to COVID-19 than in areas with higher vaccination
rates and greater availability of health care. These outcomes may be mitigated by dietary
strategies aimed at maximizing dietary approaches that bene t infection outcomes and
minimizing lifestyle behaviors that contribute to excess mortality. Further, as in the early
stages of the pandemic, the World Health Organization (WHO) produced guidelines on
water, sanitation, hygiene (WASH), and waste management approaches relevant to viruses,
including coronaviruses [ 5]. While global vaccination and boosters are the main axes of
containing the virus, and thereby mitigating transmission rates, delays in access to and
deployment of the vaccine in parts of the world will ensure that SARS-CoV-2 variants arise
via mutations, and continue to spread across populations. This means other measures
remain crucial to minimizing viral spread; as we saw earlier in the pandemic before vac-
cination rollouts, public health measures, such as focus on using proper hygiene, social
distancing, mask use, and population lockdowns, had the effect of slowing down the
pandemic, but not without physical, social, and mental health consequences. This had
unforeseen consequences for population health, namely that people may not have had
access to healthy foods and instead were faced with limited choices that affected what they
consumed, how often, and their ability to exercise or adopt positive lifestyle behaviors.

How SARS-CoV-2 presented itself to the human populations is still not known, and
will likely be dif cult to track because of rapidly evolving genomes (i.e., mutation), genetic
recombination (as yet unknown), and switching from reservoir to novel host species. It
took more than a decade after the SARS-CoV-1 outbreak in China in 2002 before it was
reported that this coronavirus originated in bats and spread to palm civets, then infecting
humans [6,7]. In the case of the MERS coronavirus outbreak, a clear transmission route is
not exactly known, but it is theorized to also have originated in bats, with camels perhaps
the intermediate host leading to transmission to humans [ 8]. To date, no wild animal tested
in the region of the outbreak (i.e., “ground zero”) in Wuhan, China has been identi ed as
transmitting the SARS-CoV-2 virus to humans, but given that bats are known reservoirs
for SARS-like coronaviruses, a natural origin is plausible, and likely involves contact with
an intermediate host as in the case for MERS and SARS-CoV-18,9]. The salient point of
this is that we will likely continue to host SARS-CoV-2 in the human population, and aside
from the impossible task of chasing spike protein mutations with designer vaccines, our
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best chance at reducing the impact of it is through population-level hygiene, food chain
hygiene, and diet and healthy lifestyle awareness.

The SARS-CoV-2 virus reached pandemic proportions in short time due to modi ca-
tions in the receptor binding domain (RBD) that enhances viral binding to the angiotensin
converting enzyme 2 (ACE2) receptors, with particular af nity to pulmonary tissues (pneu-
mocytes) where the virus can have more severe disease outcomes 10]. More concerning is
that ACE2 is also highly expressed on adipose cells, which suggests that weight gain via fat
deposition (through unhealthy dietary habits) can pose a serious problem with COVID-19
recovery by being a viral reservoir in overweight people. This may explain some of the
evidence that obesity is a signi cant co-morbidity factor with COVID-19 hospitalization
and mortality, and further evidence that dietary habits during the pandemic may continue
to exacerbate severe disease outcomes. Transmission can also happen directly from the
reservoir host to humans without receptor-binding domain adaptations [ 11]. The bat
coronavirus that is currently in circulation possesses spike proteins that facilitate human
infection. Interspecies transmission from animals to humans is possible by the high plastic-
ity in receptor binding and the possibility of viral antigenic “make-up” by mutation and
recombination. The in vitro and in vivo studies of isolated virus demonstrate that there is a
potential risk for the re-emergence of coronavirus infection from viruses that are currently
circulating in bat populations in nature [ 12]. Given these realities, and the fact that vaccines
are chasing a moving target, the host immune response to combat infection has re-emerged
as an important focus on preventative health.

Recent published articles address changes in food hygiene, lifestyle, and diet from dif-
ferent regions of the world during the COVID-19 pandemic, but given the recent emergence
of SARS-CoV-2, changes are ongoing and much more data are being gathered. Ultimately,
understanding how the pandemic is affecting mental, social, and physical health in the
global human population relative to pre-pandemic conditions is important for de ning the
broader health impacts of COVID-19 beyond direct clinical disease pathology [ 13-16].

A healthy diet, based on plant-healthy fats and proteins, together with regular exercise
and sunlight exposure, is of paramount importance to help prevent viral infection by
strengthening the immune system. However, sedentarism, unease, and tediousness caused
by social isolation could lead to changes and worsening of lifestyle patterns while also
promoting binge-eating, which is worsened by limited access to healthy food rich in natural
vitamins, minerals, and antioxidants [ 17].

The aim of this review is to highlight the latest evidence on how the clinical pathology
of COVID-19, including comorbidities and immune response due to lifestyle behaviors
and diet, may exacerbate outcomes and prolong the severity of the novel SARS-CoV-2
pandemic.

2. Clinical Pathology of SARS-CoV-2 Infection and COVID-19 Syndrome

Severe acute respiratory syndrome (SARS-CoV-2) causes COVID-19, a disease that
presents a complex of syndromes, including severe speci ¢ contagious pneumonia (SSCP)
and Wuhan pneumonia [ 18]. While this coronavirus has less severe pathogenesis compared
to SARS-CoV-1, it is highly transmissible, demonstrated repeatedly by the rapidly and
continuously increasing number of COVID-19 cases since it emerged in December 2019. The
mean incubation time of SARS-CoV-2 in familial clusters is reportedly 3 to 6 days [ 19,20].
Similar to MERS and SARS-CoV-1, the severity of COVID-19 is higher in age groups above
50 years [21,22]. Since the onset, while the per-capita mortality rate is lower than recorded
in outbreaks of SARS-CoV-1 and MERS, the high rate of transmission means that speci ¢
demographics are particularly impacted by COVID-19 [ 23]. Information obtained from
outbreaks in Thailand, South Korea, China, and Japan con rm that COVID-19 patients
usually had mild manifestations compared to those with SARS-CoV-1 and MERS, and
with a much larger sample size owing to the high rate of transmission. Regardless of
the SARS-CoV type, the primary barrier against SARS-CoV-2 is the immune system, and
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the rst line of defense is mast cells in the submucosa of the respiratory tract and nasal
cavity [ 24].

Severe interstitial in ammation of the lungs is caused by invasion of pulmonary
parenchyma by SARS-CoV-2 [25]. In radiology, the characteristic image is “ground glass
“opacity of the lungs. The lesion initially involves a single lobe but later expands to other
lobes [26]. Lung tissue biopsies of COVID-19 patients reveal diffuse alveolar damage,
desquamation of pneumocytes, hyaline membrane formation, and cellular bromyxoid
exudates indicative of acute respiratory distress syndrome [ 27]. Hematological ndings
show lymphocytopenia, both with and without leukocyte abnormalities, and the degree of
lymphocytopenia is positively associated with disease severity [ 26].

3. COVID-19 and Comorbidities

Cardiovascular disease, obesity, hypertension, diabetes, and other pre-existing condi-
tions are highly correlated with the severity of COVID-19 infection and cause excess deaths
via co-morbidities (Figure 1) [28]. The clinical manifestation and relevance of speci c co-
morbidities due to COVID-19 infection is heterogenous [ 29]. In a large study of 460 general
practices in England, of the 4300 COVID-19 patients with hypertension, about 20% died
within 1 month of infection. Of note, the authors did not nd any correlation between
COVID-19 diagnosis or hospitalization and blood pressure control [ 30].

| Comorbiditiesof COVID-19 | | SymptomsofCOVID-19 |

| HIVinfection |« " = Eaver |

Dementia | ¢

; Cough
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disease : Myalgia or

fatigue

_Ehrnnlc ohstructiue_
putmnna_r_'f disease_

Diabetes Mellitus . ﬂ p | eadache |
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Figure 1. The main comorbidities and symptoms of COVID-19.

Patients with underlying cardiovascular disease and pre-existing blood vessel damage,
such as atherosclerosis, may be at higher risk for severe disease. In addition to respiratory
infection and in ammation, the SARS-CoV-2 coronavirus can directly and indirectly affect
the renal system and cardiovascular tissue, which cause organ and tissue damage to the
kidneys, heart, and blood vessels, and exacerbate in ammation that induces cytokine
storms.

Similar to increased COVID-19 severity in patients with cardiovascular disease, espe-
cially hypertension, many studies show greater severity of infection in diabetics [ 31-34].
Current data indicate that diabetes in COVID-19 patients is correlated with a two-fold
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increase in mortality as well as severity of COVID-19. A meta-analysis of 30 studies and
16,003 patients conducted by Kumar et al. [35] suggests that diabetes and COVID-19 in-
fection are signi cantly correlated with mortality [ 36]. The method for in uencing the
relationship is rigorous glucose monitoring and consideration of drug interactions.

As treatment for COVID-19, there are several pharmaceutical drugs options, such as
lopinavir and steroids, which have a risk of hyperglycemia. In contrast, hydroxychloro-
quine may improve glycemic control in diabetic patients with decompensated refractory
treatment [37,38]. It remains uncertain which treatment is suitable and works best for
COVID-19 disease, and if treatment of diabetic patients should be different from those with-
out diabetes. It is also uncertain whether speci c diabetes drugs, such as DPP4 inhibitors,
increase or decrease the susceptibility or severity of coronavirus infection. Isolated reports
of new-onset diabetes in COVID-19 cases may suggest that coronavirus infection is directly
cytotoxic to pancreatic islet  cells. Careful investigation [ 39] indicated that interaction
of the coronavirus and diabetes is mediated by systemic in ammation and/or metabolic
changes in adipose tissue, muscle, or liver, and not by direct infection of pancreatic cells.

Chronic obstructive pulmonary disease (COPD), a complex disease related to air-
way and/or alveolar abnormalities, is a lung dysfunction that is manifested by limited
air ow mainly caused by exposure to harmful gases and particles over a long period of
time (e.g., tobacco smoke). A meta-analysis of 15 studies that examined 2400 con rmed
COVID-19 cases suggested that patients with COPD were at higher risk of more severe
disease outcomes, with 60% higher mortality [ 40]. Multivariate logistic regression models
identifying risk factors for positive SARS-CoV-2 tests in smokers were inconclusive [ 41].
While it cannot be concluded that smoking enhances SARS-CoV-2 infection, smokers are
more likely to present a cough that can signal pulmonary distress and possible advance of
COVID-19 infection; however, more testing is required to determine whether this popula-
tion is directly susceptible to the virus by pulmonary infection, or by suppressed immune
system function [ 42-44].

HIV infection serves as a model of cellular immune de ciency and it seems that
antiretroviral therapy is thought to have various effects against the new coronavirus [ 45].
Given the fact that HIV positive patients may be at higher risk from other infectious
diseases such as sexually transmitted diseases, these percentages were so low that some
experts have already speculated on potential protective factors [ 46].

There are still debates about the effects of antiretroviral therapy against SARS-CoV-2.
Regarding lopinavir, there is currently concrete evidence that it does not work. Regarding
tenofovir alafenamide, there are some chemical similarities with remdesivir and it has been
shown to bind to SARS-CoV-2 RNA polymerase with high binding af nity, being suggested
as a potential treatment for COVID-19 [ 47]. However, the most serious concern about HIV
is the collateral damage induced by COVID-19 [ 48]. The story of immunosuppression
is uncertain, and the available data are insuf cient to draw any conclusion. Despite the
large lack of data, numerous views and guidelines have been published on how to manage
immunosuppressed patients (who may be more susceptible to COVID-19 infection) and
the development of severe cases §19-53].

A big challenge of the pandemic is to offer continuous care for cancer patients. Cancer
patients are more vulnerable due to their underlying disease and immunosuppressed
condition, and may therefore be at increased risk of developing severe complications due to
the coronavirus. In fact, COVID-19 triage and management may leave some vital activities
uncovered, such as treatment administration or surgery, and also a fragile immune system.
It is well known that suboptimal synchronization and delayed oncological treatment can
lead to disease progression, leading to reduced survival outcomes. There are various
recommendations to minimize the exposure of cancer patients to COVID-19 without
compromising the oncological outcome of radiation for breast cancer [ 54], hematopoietic
cell transplant [ 55], and leukemia treatment [ 56].4. Immune Response to SARS-CoV-2.

In the ongoing SARS-CoV-2 pandemic, the consequences of infection range from
asymptomatic to mild to moderate symptoms in most affected COVID-19 cases, but also
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can have a rapid and progressive disease that damages organs and leads to early deaths, in
some cases as soon as 14-21 days from onset of infection. Since the start of the pandemic,
facts have been complicated surrounding whether the virus can continue to be transmitted

by asymptomatic individuals [ 57,58], and certainly by those with upper respiratory tract
symptoms, or interstitial pneumonia that can progress rapidly to respiratory failure and
acute respiratory distress syndrome, in which mechanical ventilation and admission to

an intensive care unit and culminating in multiorgan failure [ 59-61]. Disease spread is
correlated with longer viral shedding periods, encountered especially in asymptomatic
patients [62]. After viral contamination, an effective adaptive immune response able to
neutralize new antigens can be expected to develop in 14-21 days p3].

Antiviral innate immunity consists of coagulant factor, and components of the com-
plement and brinolytic systems, soluble proteins that recognize glycans on cell surfaces,
interferons, chemokines, and naturally occurring antibodies (mainly IgM but also IgA and
IgG). The cellular components are natural killer cells and other innate lymphoid cells but
also gamma delta T cells, which generally limit the spread of viral infection [ 64]. The viral
spike protein preferentially binds to the angiotensin converting enzyme 2 receptor (ACE-2),
prevalent in cells in the mammalian respiratory tract. Glycosylation of the viral surface
can affect some aspects of virus biology, such as cell tropism, stability of protein compo-
nents, camou age of recognized antigens by neutralizing antibodies, and recognition by
immune mechanisms.

Antiglycan antibodies are naturally identi ed in serum, i.e., they are identi ed in the
absence of previous immunization, similar to natural ABO antibodies. Like ABO antibodies,
they belong to the IgM class. Natural IgM concentrations appear to re ect some of the
clinical severity patterns in COVID-19 [ 65]; they decrease signi cantly with age ( >40 years)
and are found in lower concentrations in people with blood type A. A protective role
of high anti-A antibody titers described for SARS-CoV-1 [ 66] has been suggested for the
SARS-CoV-2 B7].

Mannose binding lectin (MBL) is one of the components of the complement system
in innate immunity, which recognizes mannose residues in the membrane of a variety of
microorganisms, and acts as a soluble pattern recognition receptor (PRR). This recogni-
tion component activates the complement system, induces in ammation, and improves
phagocytosis. MBL can bind to coronavirus, conducting to C4 deposition in the virus
and in experimental models, decreases the capacity for infection [68]. The existence of
mannose-rich glycans in the S1 region of SARS-CoV-2 has led to the hypothesis that glycan
recognition and binding to MBL may inhibit the S1-ACE2 interaction[ 69]. However, with
age, serum MBL levels decrease [ Q).

The rst line of the innate immune response against viral infections is represented
by type | interferons. They induce viral resistance in both infected cells and neighboring
cells by interfering with cellular and viral replication. In MERS and SARS-CoV-1 infection,
delayed production of interferon | favors the accumulation of in ammatory monocyte—
macrophages [62,71].

The key diet-related changes in the developmental process of disease progression in
humans include increased production of reactive oxygen species, oxidative stress, develop-
ment of hyperinsulinemia, insulin resistance, low-grade in ammation, and an abnormal
activation of the sympathetic nervous system and the renin—angiotensin system. Fur-
ther, diet plays an important role in epigenetic changes and fetal programming that may
have large effects on immune system ef ciency. This suggested pathomechanism also ex-
plains the close relationship between obesity and the wide range of comorbidities, such as
type 2 diabetes mellitus, cardiovascular disease, etc., and diseases of similar etiopathology.
Changing lifestyle behaviors in accordance with human genetic makeup, including diet
and physical activity, may help prevent or limit the development of these diseases [ 72].
COVID-19 poses a serious challenge to health-care systems worldwide, with an enormous
impact on health conditions and loss of life at a remarkable scale. Notably, obesity and
related comorbidities are strictly related with worse clinical outcomes of COVID-19 disease.
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Recently, there is a growing interest in the clinical use of ketogenic diets, particularly in
the context of severe obesity with related metabolic complications that are ameliorated
through ketogenesis. Ketogenic diets have proven effective for a rapid reduction in fat mass,
preserving lean mass and providing an adequate nutritional status. In particular, the physi-
ological increase in plasma levels of ketone bodies exerts important anti-in ammatory and
immunomodulating effects, which may prevent infection and potential adverse outcomes
of COVID-19 disease [73].

3.1. Nutrients and Food Bioactive Components Involved in Immune System Stimulation

The immune system is one of the most important defense mechanism of body against
disease, and the survival of humans is dependent on this system of ghting against viruses
or pathogenic microorganisms [ 74]. There are studies that have indicated that some nutri-
ents can have effects on immune functions through cell activation and modi cation of both
production of signaling molecules and gene expression. Several micronutrients, such as
vitamins and minerals, have essential roles in both adaptive and innate immune responses,
and micronutrient homeostasis is central to the maintenance of a healthy immune system
(Table 1). The ef cacy of micronutrients in infections can be in uenced by different factors,
such as the dose, duration of administration, type of pathogen, genetics, age, lifestyle, and
nutritional and immunological status [ 75].

Table 1. Micronutrients and their role in COVID-19.

Vitamins and

Minerals Food Sources Actions Role Reference
o . Shows ef ciency for immune Immunomodulatory,
Vitamin A Meat, poultry, sh, dairy, eggs function and resistance to infection Anti-in ammatory (76l
s Meat, poultry, sh, whole-grains, Eliminates the SARS-CoV-2 virus by .
Xﬁ%rmir]ng)l brown rice dried beans, triggering cell-mediated and ii%%%rstz immune [77]
soybeans, nuts, antibody-mediated immunity
Calf liver, sh, nuts, wild rice, Reduces number of pathogens in
N dark green leafy vegetables, the blood plasma of COVID-19 .
Xlitb%mall?/ir?)z mushrooms, certain fruits and patients, and reduce the risk of iip%?gz immune [77.7¢
legumes, beer, yeast, milk, transfusion—transmission of P
cheese, egg, COVID-19.
Reduces viral infection & stimulates
Vitamin B3 defense mechanisms s ts i
r:.am;]” Meat, liver, beans Reduces neutrophil in ltration in ; upp%r S Immune [77]
(niacin) patients with ventilator-induced esponse
lung injury
Relieves COVID-19 symptoms by
c | arai tabl t improving immune response,
Vitamin B6 s %L‘Zihgragfs’)vﬁﬂﬁ(a oiztf)cjsrro S, supporting endothelial integrity, Supports immune (77
(pyridoxine) p Hp ' h I'l P i ' preventing hyper-coagulability & response
€ggs, cheese, sh, liver, meat, reducing pro-in ammatory
cytokines
Vitamin B12 . L . .
(cyanocobalamin/  Meat, milk, egg, sh, and shellsh ~ =SSential role inimprovedimmune - Supports immune (77
cobalamin) system function esponse
Reduces symptom duration
Citrus fruits Reduces mortality
kiwi, tomato, pineapple, kale, Prevents COVID-19 progression Antioxid
Vitamin C spinach, beef liver, milk, cabbage, Decreases risk of respiratory failure in?rtr:%);:oﬁwrgaulator [79
broccoli, chicken, oysters, requiring a ventilator y
strawberries Reduces death rate & dependency
on ventilator
Wild mushroom, fungi, forti ed i
. ' A - Improves prognosis in .
Vitamin D bread forti ed orange juice, milk, older patients Antioxidant, 1801

eggs, cheese, yogurt, forti ed
margarine

Prevents respiratory infections

immunomodulatory
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Table 1. Cont.
Vitamins and Food Sources Actions Role Reference
Minerals
Vegetable oils, Nuts, seeds, Antioxidant defense Antioxidant,
Vitamin E avocado, green leafy vegetables, Role in immune response & to immunomodulatory [ 81]
mango, salmon forti ed cereals reduce viral pathogenicity
Whole grains, nuts, mushrooms . ; . Antioxidant, ROS
. . ’ ’ ' Essential for protection against balance in
Selenium da(;ry prciductsf, p?jultry, cereals, viral infection in ammation, . [79
red meat, sealoo immune-cell function
. Reduces in ammatory reaction Antioxidant
Forti ed breakfast cereal, nuts, } -~ :
Zinc beans, poultry, red meat, whole Increases ventilator-free days anti-in ammatory, 18]

grains, crustaceans, mollusks

Organ failure-free days
Acute in ammation-free days

reduces ROS in viral
infection

There are studies that emphasize a signi cant relationship between immunity, diet,
and disease susceptibility. Nutritional de cits in macro- and micro-nutrients can affect
the immune system and resistance to infection. Various functional food plants, such as
pepper, garlic, turmeric, and onion, may have immunomodulatory and antiviral properties

(Table 2) [75].

Table 2. Biological activities of foods bioactive compounds.

Food Source Compounds Biological Activities Reference
Onion Quercetin, thiosul nates, & anthocyanins  Antioxidant [ 87
Citrus fruits Hesperidin Ant.|(.)X|dant, - [83
anti-in ammatory, antiviral

Garlic DlaIIy_I disulphide, alliin, polyphenols, Antioxidant, antiviral [ 84]
proteins

Honey p-coumaric acid, ellagic acid Antimicrobial, antiviral [ 89

. . . _ O_ . . . ..

Tea Plant Gallic a_(:ld, thea gvm 3,3 “digallate, Antl0X|dant, antiviral, [86]
quercetin, catechins immunomodulatory

Cranberry Myricetin Antiviral [ 87

Barberry Berbamine, berberine Anticancer [82]

Turmeric Curcumin Anti-in ammatory [ 83

Soybean Flavor}0|ds, Iso avones, phytosterols, Antioxidant [ 87]
saponins & organic acid

Banana Bananin Antiviral [ 88

Long pepper, black pepper Piperine Anticancer [ 87

Plum Anthocyanins, protocatechuic acid Antioxidant [ 87

Grapes, berries Quercetin Ant.|(.)X|dant, [89

anti-in ammatory

Kale Kaempferol Anti-in ammatory [ 9q

Avocado, pistachio, almond B-sitosterol Anti-in ammatory [ 89

Mango F!avon0|ds, xanthones, phenolic acids, Antioxidant, antiviral [ 87
triterpenes

Nuts, seeds Stigmasterol Antiviral [ 89

Red grape Resveratrol Anti-in ammatory [ 89
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3.2. The Effects of Isolation, Quarantine, and Lockdowns on Dietary Health

Measures taken by governments around the world to contain the spread of COVID-19
have had measurable impacts on health and habits of people everywhere. A general
consequence of quarantine is a change in lifestyle: reduced physical activity and unhealthy
dietary choices (Table 3) [91]. Access to healthy foods, such as fresh produce, has been
limited, and people have been in lockdowns which prevent outdoor movement and access
to sunlight and clean air. Those who have acquired the disease or have been quaran-
tined have often been deprived of sources of higher-nutrition foods [ 92]. In addition,
containment measures restricting free movement and creating physical lockdowns have
been detrimental to healthy lifestyles. Regulations aimed at containing viral spread had
differing outcomes on different demographics groups, communities, and socioeconomic
groups. In particular, failures in infrastructures and supply chain resilience during the
early and mid-stages of the pandemic disrupted food availability. For less economically
fortunate populations, the breakdown in supply chains resulted in limited access to fresh
produce, and instead forced a switch to processed foods that have a longer shelf life. No-
tably, the connections for supply chain deliveries to communities that are further away
from distribution centers/ports/hubs/farms, or that would otherwise depend on imports
for healthier foods, had reduced availability of healthy food options. This exacerbated
public health issues that have been being largely overlooked by media and governments
throughout the pandemic. In contrast, in more economically well-to-do communities,
fresh imports and local produce options were available due, in part, to demand, economic
liquidity of the communities, and proximity to distribution hubs in those areas. It is well
known that a diet rich in fresh produce and whole foods is necessary for healthy immune
function, and is thus preferable to a high-calorie processed food diet that increases the
risk of developing and even aggravating autoimmune problems and chronic diseases [ 93].
Recent work reported by Fern j ndez-Quintela et al. in 2020 [94] found that two particular
omega-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are
both effective at inactivating entrapped SARS-CoV-2 viruses by modulating optimal lipid
conditions to reduce viral replication. Both EPA and DHA can also inhibit cyclooxygenase
enzymes (COX), which inhibits prostaglandin production, reducing tissue in ammation.
Quarantine isolation and lockdown interventions for COVID-19 created, especially for
older adults, a severe sense of social isolation and loneliness with potentially serious mental
and physical health consequences. The impact was disproportionately ampli ed in those
with pre-existing mental illness, who often suffered from loneliness and social isolation
prior to the enhanced distancing from others imposed by the COVID-19 pandemic public
health measures. Older adults are also more vulnerable to social isolation and loneliness
as they are functionally very dependent on family members or support by community
services [95].

3.2.1. Spain

A recent survey of 1036 individuals in Spain reported that, during the pandemic,
people consumed more fresh produce as well as sh than before [ 96]. Another study of
1073 persons reported decreased consumption of poultry and mammal, as well as rice
and pasta [97]. Further, a larger study of 7514 individuals reported that people generally
consumed a Mediterranean diet more than they did before the onset of the pandemic [ 98§].
These results suggest that people in Spain sought foods that are part of a healthy diet and
lifestyle, which may reduce the incidence of severe COVID-19 outcomes.

3.2.2. ltaly

Italy was one of the rst countries most affected by COVID-19, when hospitalization
cases rapidly overwhelmed public healthcare capacity. Early in the pandemic the public
faced lockdowns, and that coupled with panic, led to fresh food shortages. In contrast
to ndings from populations in Spain, a study of 1519 people in Italy reported that the
diet of the average person increased in the consumption of frozen foods and foods made
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with re ned sugars [ 99). Grant et al., 2021, collected data from 2678 people and observed
that many improved the quality of their diet by increasing the consumption of fruits,
vegetables, legumes, nuts, sh, or shell sh. However, unfavorable dietary changes were
also reported; people consumed an excess of sweets, pastries, and comfort foods than they
reportedly did before the pandemic [ 10(. In another study, 3533 individuals reported
a decreased intake of fresh sh, processed sugar foods and baked goods, food delivery,
alcohol intake, and an increase in homemade recipes (pizza, sweets, and bread), vegetables,
cereals, white meat, and hot beverages consumption [L01]. Increased alcohol consumption
was observed in a study of 1383 participants, who, according to their responses, also
chose foods high in carbohydrates, such as potatoes, cereals, fruits, leading to weight
gain amongst the respondents; conversely, this same group reduced their consumption of
dairy products, vegetables, and red meat. Anxiety, fear, stress, or moments of boredom
have encouraged over 40% of people in Italy to eat foods high in re ned processed sugars
and oils, leading to weight gain and possible side effects related to COVID-19 infection
and disease severity [10Z7. However, these variations in the weekly frequency of food
consumption did not alter the adherence score to the Mediterranean diet, which remained
at medium-high values [ 103. In this sense, Italians have been trained to transform their
green spaces into food gardens, especially taking into account the bene ts of eating fresh
fruits and vegetables. The television programs followed the training of small farmers,
the purpose being not only to obtain their own crops, but also to focus their attention on
recreational activities to maintain mental health [ 104).

3.2.3. France

A study of 938 individuals showed increased intake of fresh produce, legumes, and
seafood. Consumption of re ned sugars, processed meats, sweet drinks and alcoholic bev-
erages also increased, leading to a decrease in nutritional quality of the average diet [105].
A total of 11,391 participants surveyed in the rst 8—-13 days after home con nement mea-
sures were implemented revealed increased consumption of caloric and salty foods (28.4%),
alcohol (24.8%), tobacco (35.6%) and even cannabis (31.2%) (€. Almost a quarter of
French people engaged in behaviors that contributed to poor health outcomes, in many
cases by stress management through eating more and unhealthy foods, and lack of physical
activity due to con nement indoors [ 107].

A study of 498 parents of children aged 3.0-12.3 years presented no changes in
eating behavior for other reasons than a change in eating habits. A signi cant decrease
was observed for rules and limits around unhealthy foods, setting, and on scheduled
meals. Children increased their consumption of high carbohydrate sources and processed
foods, including sweets/chocolates, fruit juices, soft drinks, chips/crackers, ice cream,
pastries/sweet cakes, dessert cream, milk, yogurt/cheese/quark, fresh and dried fruits,
and a signi cant decrease in the consumption of compote/fruit in syrup [ 109.

3.2.4. Greece

Unlike other countries heavily affected by COVID-19, such as Spain or Italy, the Greek
population was not so emotionally involved, and the signs of anxiety and depression were
less obvious among adults. Thus, the emotional eating of unhealthy foods was not so
high [ 109.

Nearly one in three of 2258 participants reported that they changed their dietary
habits during the pandemic towards a healthier diet rich in fruits, vegetables, salads, green
vegetables, cereals, legumes, and olive oil, and consumed less meat, especially processed
meat [110. Similarly, another study of 741 individuals report a prudent dietary pattern
containing of fruits, vegetables, sh, and rice [ 111].
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3.2.5. Denmark

The data presented by Giacalone, et al., 2020, based on a questionnaire with a number
of 2462 subjects, suggest that the pandemic affected the lifestyle and eating habits of some
adults living in Denmark. The main ndings include the fact that they ate more frequently.
During this period, survey respondents reported they consumed more processed, canned,
frozen, or ready-to-eat food, and reduced consumption of bread, alcohol, and dairy [ 117.
Moreover, unhealthy eating habits were observed, such as the increased intake of pastries
and carbonated beverages [L13.

3.2.6. Poland

People in Poland reported positive dietary changes, consuming less red meat, pro-
cessed ours and baked goods, prepared foods, fast-food, canned meat products, as well
as energy drinks and re ned sugars. However, increased consumption of alcoholic bever-
ages and sweets, both of which are poor dietary choices, contributed to unhealthy weight
gain [114). Increased BMI was associated with less frequent consumption of vegetables and
fruits during quarantine, and higher adherence to meat, dairy, and fast-foods. Increased
alcohol consumption was reported in 14.6% of study participants, with a tendency to drink
more among regular alcohol consumers [115].

3.2.7. China

In China, the general frequency of intake of fresh vegetables, fruits, soybean products,
and dairy decreased during the lockdown. Average weekly consumption of rice decreased,
but there were increases by younger age classes in wheat products, other staple foods,
fresh vegetables, fresh fruit, preserved vegetables eggs, sh, and dairy products. Further-
more, the frequency of sugar-sweetened beverage consumption had decreased, while the
frequency of other beverages had increased [L14§.

3.2.8. United States

In general, people shifted their diet away from healthy animal proteins, fruits, and
vegetables, reportedly due to increased cost because of supply chain issues related to the
pandemic. Local supply of food was disrupted, which in turn affected local economies that
led to social, mental, and physical health changes. The municipal authorities developed
programs to support and protect food security during the pandemic, but especially in the
post-pandemic period. In the U.S., people reported experiencing greater stress, anxiety,
and boredom, which led to overeating and weight gain. People ate more, and in particular
they ate more processed snacks and comfort foods, which are rich in additives and fats,
processed trans-fats, high salt, and sugar [117. According to statistical analysis, the
population consumed mainly red and processed meats, fast food, sweets, and re ned
cereals during the pandemic, and with the return of the US economy, prices fell and
facilitated access to vegetables, oils, nuts, and lean proteins [L1§].
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Table 3. Dietary behavior in different countries on COVID-19.

Colombia Poland Italy France Saudi Arabia Germany China Spain
[119 (129 [10G [121] [127 (123 [124 (129
Ate more
Increase 45% - - - - 40% 31% 64%
Decrease 20% - - - - 21% 17% 36%
As before 35% - - - - 39%% 52% -
Weight gain
Yes 22% 40% 37% 38% 38% 31% - 13%
No 38% 10% 52% 18% 26% 16% - 47%
Unknown 40% 50% 11% 44% 36% 53% - 40%
Fast food
Increase 21% 8% - - - - - 5%
Decrease 34% 37% - - - - - 35%
As before 45% 55% - - - - - 60%
Snacking
Increase 48% 30% 33% 24% 45% - 25% 37%
Decrease 22% 10% 11% 18% 19% - 37% 16%
As before 30% 60% 56% 58% 36% - 38% 47%
Meals out of home
Increase - - - - - 7% - 21%
Decrease - - - - - 80% - 50%
As before - - - - - 13% - 29%
Alcohol intake
Increase 7% 18% 16% 12% - - 26% 11%
Decrease 18% 11% 13% 12% - - 39% 57%
As before 22% 71% 71% 39% - - 35% 32%
Never 53% - - 23% - - - -
Water intake
Increase 36% - 20% - 57% - - -
Decrease 26% - 8% - 7% - - -
As before 38% - 72% - 36% - - -
Physical activity
Increase 23% - 36% 26 27% - - 16%
Decrease 48% - 11% 50% 52% - - 59%
As before 18% - 16% 24% 21% - - 19%
Never 11% - 37% - - - - 6%
Home cooking
Increase 66% - - - 73% 96% 65% 45%
Decrease 5% - - - 4% 4% 9% 4%
As before 23% - - - 23% - 26% 51%
Never 6% - - - - - - -

- Data not available. N, number of respondents: Colombia = 2745, Poland = 407, Italy = 2678, Saudi Arabia = 2255, Germany = 1964,
China = 1994, Spain = 7514, France = 4005.
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Regarding food hygiene, it is suggested that consumers living in communities with
COVID-19 cases have higher food safety knowledge scores, disinfect cooking surfaces
more, pay more attention to food safety information, and have more timely access to food
safety news. So, people with COVID-19 pandemic-related information tend to have higher
food safety knowledge and practice food safety behavior [ 126127.

3.3. Importance of Lifestyle in Prevention of COVID-19

Since early in the pandemic, the most effective measures that reduce transmission of
SARS-CoV-2 and prevent COVID-19 spread have been physical distancing and proper use
of face masks that have multiple layers of tightly woven, breathable fabric, a nose wire,
and a thickness that block lights when held up to bright light source [ 12§ (Figure 2).

/(v) Smoking/

Lifestyle
% 0 Factors

_'_-(ii'r) Alcohol

Figure 2. Lifestyle factors that affect clinical health outcomes in COVD-19 infections. Dashed lines
indicate negative effects, whereas solid lines connect factors known to improve health outcomes;
arrows denote interaction direction(s). Red indicates negative lifestyle factors; green indicates positive
factors. (i) Nutrition is essential in supporting immune system function and is affected by other
factors positively/negatively (+/ ) [129. Poor quality rest or lack of physical activity can limit
the bene t of nutrition as a health factor (), and the inverse is true (+). (ii) Physical activity and
regular exercise help mitigate disease effects and are related to nutrition and rest similarly [ 13(.
(iii) Quality sleep and rest contribute to healthy outcomes, and affect and are affected by nutrition and
activity. Note that inadequate sleep can induce stress/anxiety that can exacerbate health outcomes
(). (iv) Alcohol consumption leads to organ stress and dysfunction, depresses the immune system
response to viral and bacterial infections, and negatively impacts sleep quality ( /) [ 131]. (v) Tobacco
use has well-known detrimental effects on the immune system and leads to many clinical health
problems that exacerbate infectious disease outcomes ( /) [ 137. Smoking and alcohol consumption
are often correlated and thus have negative interactions ( /).

Lifestyles have changed substantially due to isolation and distancing measures
(Figure 2), as people are more sedentary, and the lack of physical activity is correlated
with poor dietary changes and unhealthy weight gain, both of which contribute to severity
of COVID-19 outcomes. Indeed, obesity and being in poorer health with a less nutritious
diet is associated with greater severity of COVID-19 cases requiring hospitalization. Other
problematic outcomes of social isolation measures implemented during the pandemic
are changes in smoking and sleep habits. Several studies reported associations between
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sleep disorders and obesity due to increased secretion of pro-in ammatory cytokines by
increasing visceral adipose that can contribute to altered sleep-wake rhythms [ 88,133-134.

3.4. Food Hygiene in COVID-19 Pandemic

Public health and food safety authorities have found no evidence that SARS-CoV-2
spreads via food [136. The only transmission path involving food is the packaging, which
could be contaminated with coronavirus [ 137-139. Thus, handling or consumption of
contaminated food packaging carries similar risks as other surfaces known to transfer
coronavirus [ 140.

The COVID-19 pandemic has caused temporal food shortages due to supply chains
changes, labor shortages [L41-144], training personnel in hygiene, food safety, incident
management, recreating business models regarding packaging, and other unanticipated
impacts [145. Furthermore, lockdown measures enacted at regional and national levels,
such as the closure of universities, schools, workplaces, restaurants, public events, so-called
non-essential businesses, and travel restrictions [L46), changed the way people purchased
food, where they ate, what they ate, and how their food was prepared [ 112147]. Some of
these changes may be latent symptoms of post-COVID lifestyles.

The plan for preventing the transmission of the coronavirus includes control require-
ments for food facility disinfection, sanitation, cleaning, monitoring and screening of
workers for COVID-19, education programs to prevent the spread of SARS-CoV-2, and
management of sick employees [14§.

Inactivation methods (thermal and non-thermal) are effective at minimizing pathogens
and viruses in the food sector [ 149. For the inactivation of foodborne viruses (e.g., hepatitis
A and norovirus) on food matrices or liquids, different thermal treatments have been
used [150, such as dry (hot air oven) and humid heat (autoclave) which are very effective
methods for inactivating both viruses and bacteria [ 151,157.

As is speci ed in research studies, cold-chain food contributes to contamination
because coronavirus is stable at 4 C on poultry, meat, sh, and swine skin, for 3weeks [ 137).
Thus, the possibility of transmission through food chain is very high in the frozen food.
Therefore, risk management approaches should be adopted to inspect potentially infected
foods, especially cold-chain foods (Figure 3) [89).
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3.4.1. Food Security

Food security includes availability, accessibility, stability, and utilization of food, at all
times for all people. Food must be in suf cient quantities, be safe and nutritious to afford
people a healthy life [ 153.

Availability. What foods are available has demonstrably affected the nutritional habits
of consumers during the pandemic. The available foods need to be good sources of
necessary macro- and micro-nutrients to ensure public health by minimizing severity
of COVID-19 cases, and ensuring that basic nutritional requirements are being met is
crucial [ 154].

Accessibility The pandemic has highlighted how much food accessibility can be
affected by interruptions in food supply distribution and logistics, leading to rising prices
and lack of food options. Restrictions on food logistics are likely to increase transaction
costs, and therefore food prices could adversely affect access to healthy food and contribute
to food insecurity, obesity, and malnutrition [ 155. Reduced access to healthy foods leads
to higher consumption of preserved and ultra-processed, which, combined with reduced
physical activity, leads to obesity and other diet-related diseases. The ability to deliver
whole foods faster and at reasonable costs is a dif cult task during the pandemic [ 156.

Utilization . Eating food through a proper diet, drinking water, sanitation, and health
care to achieve a state of nutritional well-being in which all physiological needs are
met [157].

Stability. Food stability emphasizes that all humans should have access to enough
food all the time, regardless of any unforeseen risk (such as a pandemic), which could
prevent people from accessing food [158159.

3.4.2. Food Safety in COVID-19 Pandemic

The food industry has Food Safety Management Systems (FSMS) based on the Hazard
Analysis and Critical Control Point (HACCP) principles for preventing food contamination
and manage food safety risks. FSMSs contain good hygiene practices, zoning of processing
areas, storage, supplier control, personnel hygiene, cleaning and sanitation, and tness
to work distribution and transport—all the basic conditions and activities necessary to
maintain a hygienic food processing environment [ 160.

3.4.3. Personnel Hygiene in Food Industry in COVID-19 Pandemic

Cold air conditions in food factories make it particularly dif cult to prevent transmis-
sion of COVID-19 because the virus is stable over longer periods, and can be moved on
aerial particulates by recirculated air systems [ 161].

Food industry workers are in some cases tested for SARS-CoV-2 to eliminate the
potential risk of food contamination [ 139. Regular hand washing is crucial in the food
sector as well as in all the industries. Similar viruses are spread by droplets when an
infected person coughs or sneezes. The WHO recommends measures applicable to the
food industry, such as frequent washing of hands with soap and water or alcohol-based
disinfectants; maintaining physical distance; and avoiding contact of the hands with the
eyes, nose, and mouth. In addition to these practices, the mobility of food industry staff,
such as air transport, should be monitored [ 143167].

3.4.4. Food Retail in COVID-19 Pandemic

COVID-19 has signi cantly changed the retail customer experience through changes
in availability and increases in pricing. People have to visit more retailers to nd specic
items, and are often unable to nd the types of food and beverages they need to maintain a
healthy diet, which can have negative impacts on emaotional and mental well-being [ 163.

Retail workers are often at risk of exposure due to the nature of the workplace that
involves interactions with unknown individuals, and consequently we have seen SARS-
CoV-2 cluster infections in retail environments and other settings where there is higher
traf ¢ of retail individuals that means less control over containment [ 164).
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Measures taken during the pandemic include physical distancing, providing sanitation
stations to clean shared shopping equipment, and by regulating the number of customers
inside the premises. Physical barriers, such as plexiglass, were deployed to separate food
from any risk of danger and to protect staff at cashier point[ 14(0.

Food preparation includes measures such as separating the raw product from the
cooked product to prevent cross-contamination, as well as washing, rinsing, and sanitizing
surfaces or utensils in contact with food and beverage equipment after use. At the same
time, practicing good hand hygiene before eating and washing fruits and vegetables with
drinking water before consumption are crucial. For cooking food, it is recommended to
apply a high temperature (>70 C) [169].

3.4.5. Food Delivery Include

Customers are more interested in delivery hygiene and food safety with the COVID-19
pandemic because they could be infected with COVID-19 if they contact contaminated food
and infected delivery personnel [ 166. Contactless delivery in many countries is practiced
through the “leave delivery at the door” option or workers leave materials two meters
away for customers.

It is also recommended to use face masks and gloves as well as keep physical distance.
Employees receiving and delivering must wash or disinfect their hands and implement
appropriate hygiene and hygiene protocols. Another measure to avoid contamination
is to use an electronic wallet or credit card payment method. It is also recommended
that consumers throw away the packaging as soon as possible and wash their hands
immediately afterwards [ 167].

3.4.6. Importance of Smart Packaging with Antiviral Properties

Due to the sensitivity of food security during the pandemic, and faced with the state
of global panic on the means of transmission of the virus, the food industry, throughout
the world, has been obliged, to also have emergency plans in place. The results of the eld
survey made it clear that consumers are fearful of the health impacts of COVID-19 on their
lives, and may want packaging to be safe, sustainable, and meet their expectations [169.

COVID-19 has had a major impact on consumer choice and eating habits. A review arti-
cle suggests that during the COVID-19 pandemic, consumers and policy makers responded
to an increased perception of the risk to food safety by increasing their dependence on
disposable plastic packaging. Attitudes towards food packaging have major implications
for both food and environmental policy, thus feeding the need for smart, biodegradable,
and safe packaging [169.

The stability of coronavirus on food packaging has led to the development of materials
based on biopolymers with antiviral properties (Figure 4). The use of these materials has
shown high ef cacy against human norovirus and hepatitis A virus. Some research studies
show that the release of ions from the surfaces of copper or copper alloy can help inactivate
HuCoV-229E.
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Figure 4. Capacity of SARS-CoV-2 and other viruses to persist on the package surfaces. RT, room temperature:
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The development of biopolymers with antiviral properties and their applications
in the food packaging industry remains an open eld of research. Recently, it has been
reported that the use of nanomaterial-based packaging or Ims containing zinc, copper,
and silver nanoparticles can inhibit SARS-CoV-2, prevent contamination of food packaging
surfaces, and thus diminish its transmission [ 138176].

4. Conclusions

Social limits and movement restrictions introduced on the public during the pandemic
have had unforeseen health outcomes that reinforce the importance of maintaining a
healthy lifestyle through diet, exercise, and stress management. Because the COVID-19
pandemic changed how and when people could access provisions, what kinds of provisions,
and how much were available at any one time, diets in many populations and demographic
groups became less healthy compared to pre-pandemic life, notably that people consumed
more calories of lower nutritional quality, which can exacerbate COVID-19 outcomes.
While not all populations experienced an unhealthy diet shift, it is concerning because,
since the start of the pandemic, there have been telling signs that diet patterns led to higher
BMI, which, along with obesity, are known to worsen outcomes from COVID-19, with more
severe infection requiring intervention via hospitalization, intensive care, and possibly
a ventilator, or lead to a fatal outcome. In some populations, the severity of COVID-19
infection seems to be moderated by the consumption of speci ¢ micro- and macronutrients,
such as those found in the Mediterranean diet. However, an unfortunate outcome of the
pandemic has been that, during lockdowns, the slide in adherence to healthy behaviors
(i.e., healthy eating, restful sleep, stress management, physical activity, avoidance of risky
substances such as smoking and alcohol, and healthy relationships) which can prevent,
treat, and even reverse disease, may have been overlooked.

Practicing food hygiene and a healthy diet containing fresh vegetables and fruits are
key components of a healthy lifestyle essential for maintaining a properly functioning and
ef cientimmune system to defend against infection and disease. While there is no evidence
that the coronavirus can spread directly via foods, packages can be contaminated with
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SARS-CoV-2, and could transmit the virus; therefore, there may be a need for packaging
with bioactive compounds that neutralize infectious contaminants to reduce transmission
risks. Essentially, with the likelihood that SARS-CoV-19 continues to move about the
population, we want to avoid future outbreaks that consume health care infrastructures.
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Abstract: Acute appendicitis (AA) is one of the most common surgical emergencies in children. Some
reports have suggested that the COVID-19 pandemic was responsible for delays in the diagnostic and
proper treatment of AA in pediatric patients. The aim of our study was to perform a retrospective
study of cases of AA in children with SARS-CoV-2 infection treated in a highly endemic area for
COVID-19 in Romania during a 2-year time interval. The SARS-CoV-2 infection had no unfavorable
impact on children who presented with AA. Further data analysis should clarify the overall in uence

of COVID-19 on the management of surgical pediatric patients in such endemic areas.

Keywords: acute appendicitis; children; SARS-CoV-2; surgery; PCR test

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was identi ed for
the rst time in December 2019 in Wuhan, and since then it has spread very quickly
throughout the world, nding victims among all categories of the population. From
the end of December 2019 until December 2022, the number of COVID-19 cases exceeded
600 million, with over 6.4 million deaths worldwide. In Romania, the rst case was reported
on 26 February 2020, and on 22 March the Ministry of Health (MoH) con rmed the rst
death related to SARS-CoV-2 infection. The number of fatalities increased signi cantly,
reaching the maximum on 8 December 2020 (213 registered deaths). As of the end of
December 2022, the number of con rmed cases of COVID-19 in our country has exceeded
3.3 million, of which over 15% were children [ 1].

The worldwide spread of infection with the SARS-CoV-2 virus and the subsequent
COVID-19 pandemic have had dramatic effects on many national health systems, both
in Europe and worldwide [ 2,3]. It is generally accepted that children are less clinically
involved than the adult population [ 3-5], developing mostly mild upper respiratory symp-
toms. However, many pediatric centers experienced a dramatic decrease in presentations
in their pediatric emergency rooms (PERs) during the COVID- 19 pandemic.

Starting from the summer of 2021, in Romania, the number of children with COVID-
19 has continued to increase, reaching a maximum of 559 new cases on 28 September
2021. According to the statistics, children present with milder forms, unlike adults, and the
manifestations are usually asymptomatic. Itis considered that these outcomes are due to the
higher immunity level of children compared to the elderly, especially against common colds,
but also to changes in the expression of the viral entry receptor ACE2 [ 6]. Later, however,
the clinical manifestations in children acquired other characteristics, with the symptoms
being similar to those of Kawasaki disease, including high fever, rash, conjunctivitis,
gastrointestinal symptoms, encephalitis, coronary artery dilation, cardiovascular shock,
and nally multiple organ failure [ 7].

Several reports have already estimated the impact of COVID-19 disease on pediatric
admissions requiring surgery, such as acute appendicitis (AA). There has been a general
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perception that COVID-19 has delayed presentations for AA or was responsible for an
increased incidence of complicated cases B,9].

Not all studies, however, were able to con rm this perception [ 10,11]. Our paper
relates to the management of COVID-19-positive pediatric patients with AA in a pediatric
surgery department located in Suceava County, Northeastern Romania. The department is
currently serving as a reference pediatric surgery unit for a population of over 800,000 (of
which 150,000 are children). This area was affected by a high incidence rate of COVID-19
cases for almost two years, starting in March 2020, with over 58,000 illnesses reported per
total number of inhabitants (105,000).

2. Materials and Methods

The methodology for this study was similar to other reports [ 6]. The hospital records
of children with acute appendicitis (AA) reported during the COVID pandemic between 1
April 2020 and 31 March 2022 in our hospital were reviewed. This was the time interval
with a signi cant incidence rate of COVID-19 disease in the surrounding geographical area.
The patients' demographics, age, and macroscopic and microscopic ndings and the time
interval between the onset of symptoms and PER presentation were included. Patients with
non-con rmed appendicitis or with conservative treatment for AA were excluded. AA
cases were classi ed as “complicated' (abscess, peritonitis, perforated appendicitis) or non-
complicated (lack of local or systemic complications) according to other papers [ 10,11]. The
signi cant results of laboratory and ultrasound (US) studies performed at admission and
during hospitalization were included if available. Screening for SARS-CoV-2 infection was
performed at admission using either PCR or rapid antigen testing, according to the national
COVID-19 protocol in use at that time. All pediatric patients with surgical emergencies
were initially admitted to a buffer surgical area while waiting for the results of their PCR
tests to become available. They were started on i.v. uids, antibiotics (cefuroxime and
metronidazole), and analgesics. For patients with positive results for SARS-CoV-2 infection,
the surgery was performed in a COVID- designated operating room. After surgery, these
patients were transferred to a special area in the hospital where only COVID-19-positive
patients were admitted.

3. Results

A total of 4 AA pediatric patients who tested positive for SARS-CoV-2 infection were
identi ed. The main data related to these patients are presented in Table 1.

Table 1. The clinical and laboratory ndings for children with AA and SARS-CoV-2.

CASE 1 2 3 4
Age 8 13 15 8
Sex F M F F
SARS-CoV-2 + + + +
acute acute acute acute
Diagnostics phlegmonous phlegmonous phlegmonous phlegmonous
appendicitis appendicitis appendicitis appendicitis
Signs and symptoms
Duration of
symptoms prior 1 4 1 2

to surgery, days

Fever - + - -

Respiratory
symptoms
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Table 1. Cont
Abdominal pain + + + +
Vomiting - - + +
Diarrhea - + - -
Nausea + +
Conjunctival i i i i
injection
Shock - - - -
Laboratory ndings
CRP, mg/dl 2.29 7.73 9.2 -
Total WBC,
108 L 10.21 17.06 13.18 15.80
1.08; 2.41; . 1.39;
Lym[l)gé)/cytes, 10.67% of total 14.1% of total 4% of (t)c.)tB;’WB c 8.8% of total
WBC WBC 0 WBC
1.76; 1.71; 0.33; .
Mo;g;;ytis, 17.2% of total 10% of total 2.4% of total 3% of (t)c.)gI’WB c
WBC WBC WBC 0
Neutrophils 6.97; 12.54; 12.11; 13.73;
103/p L ’ 67.9% of total 73.5% of total 92.7% of total 86.9% of total
WBC WBC WBC WBC
Creatinine, 0.45 0.75 0.6 0.45
mg/dl
ALAT, U/L 12 31 12 18
AST, U/L 25 35 20 25
Glucose, mg/dl 96 92 97 96
Management
Intensive care, ) o4 ) )
hours
Analgesics + + + +
Antibiotics + + + +
Respiratory i i i i
support
Duration of
hospitalization, 3 3 14 3
days
proper isolation
precautions and  regular isolation regular isolation
14 days of instructions . instructions
. . - : : no Isolation after -
Recommendations  isolation with according to the discharge according to the
SARS-CoV-2test ~ COVID-19 9 COVID-19
at the end of the protocol protocol
isolation interval
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Table 1. Cont
Imaging

dilated, 9 mm, dilated, 10 mm,
no signi cant dilated, 18 mm, apﬁinmd;war u;cor;npc;iisl,gle

changes, butthe appendix lumen; in Itrated p'eri pplumen'

Abdominal US C“m(l:q?l E;Cture eritgz;;eleuid appendiceal fat in ltrated
signi gan)tl for P or lvm- with minimal periappendiceal
g AA hader?/o ath free peritoneal fat; no peritoneal
P pathy uid; no lym- free uid or lym-

phadenopathy phadenopathy

Normal ranges: WBC values: 5-10 10%/ L; normal lymphocytes values: 1.3-4; 21-40% of total WBCs; normal
neutrophil values: 2—7.5; 40-75% of total WBCs; creatinine: 0.57-0.8; CRP: <0.5; ALAT: 9-24; AST: 18-36; glucose:
60-99—normal; 100-125—modi ed basal glucose; >126: diabetes mellitus (DM).

There were no distant complications recorded in these patients. They were followed-
up by the family practitioner with respect to their COVID-19 status, postoperative course,
and return to regular activities.

4. Discussions

Acute appendicitis (AA) is the most common surgical emergency in children[ 12]. In
the US, it accounts for nearly 70,000 cases in children per year, representing one-third of all
admissions for abdominal pain in this age group. Over the years, AA has remained a major
cause of surgical interventions in the pediatric population [ 13]. Children have signi cantly
higher perforation rates compared with adults, especially those under 5 years of age [ 14].
There is also a peak incidence rate of cases between 12 and 18 years of age, with a very
small number of cases in neonates [L5].

The COVID-19 pandemic had a signi cant impact on the routine activity of pediatric
surgery centers worldwide. Many pediatric facilities, both medical and surgical, have been
reconverted into "COVID-19 wards' and all planned admissions and procedures have been
suspended. A reduction in the number of presentations in pediatric emergency rooms
(PERS) has also been reported, especially in geographical areas with high incidence rates of
SARS-CoV-2 infections such as in Northern Italy [ 9,11]. There has been a common percep-
tion that the presentation rate for abdominal pain, including cases of acute appendicitis
(AA), in pediatric patients has decreased during the pandemic. Several reasons may justify
a delay in presentation for AA patients (such as fear of getting exposed to SARS-CoV-2 in-
fection in public places and a fear of presenting to the primary care physician). Snapiri et al.
reported a higher rate of complications in AA patients during the COVID-19 pandemic[ 10].
La Pergola et al. did not con rm this assumption in their study, which compared the three
previous years with data from 2020 at the peak of the COVID-19 pandemic in a highly
endemic area of Northern Italy [ 11]. Additionally, La Pergola could not con rm a delay in
the presentation of children with AA during pandemics when using a statistical analysis.
They also found that there were no signi cant differences regarding the prevalence and
the onset of symptoms of AA in children during the peak period of the pandemic when
compared to the three previous years. Several other studies showed similar conclusions
regarding pediatric patients who were also SARS-CoV-2-positive; these cases did not show
delayed presentation or increased rates of complications [16,17]. Regarding the decreased
rate of AA cases in adults during the COVID-19 pandemic, it may be explained by the
successful treatment of mild cases at home [1§].

The relationship between acute appendicitis (AA), SARS-CoV-2 infection, and MIS-C
(Multisystem In ammatory Syndrome in Children) has generated many discussions during
the COVID-19 pandemic. In May 2020, the Centers for Disease Control and Prevention
(CDC) issued a national health advisory regarding the cases that meet the criteria for
MISC. This was de ned as a dysregulated immune response with host tissue damage
and hyperin ammation, resembling Kawasaki disease (KD), toxic shock syndrome (TSS),
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or macrophage activating syndrome. A possible connection between AA and KD was
previously suggested, and it is well known that KD shares many common features with
MISC, possibly related to appendicular artery vasculitis [ 19]. The median age of onset in
patients with MISC was 8.3 years [20-22]. Most cases required hospitalization (80—88%)
and intensive care admission (80%) for multiple organ dysfunction [ 12,20]. As part of the
MIS- C de nition, the patients were individuals of less than 21 years of age with fever for
>24 h, laboratory evidence of in ammation, and recent SARS-CoV-2 infection or exposure
within 4 weeks prior to the onset of symptoms. The organ systems commonly involved
in MISC include the gastrointestinal (Gl) (92%) and cardiovascular (80%) systems [20]. Gl
symptoms include abdominal pain, vomiting, diarrhea, and manifestations that can mimic
acute appendicitis (AA), such as terminal ileitis and mesenteric adenitis [ 23]. MISC may
represent a postinfectious hyperin ammatory complication of SARS-CoV-2 infection, since

it develops later in the course of COVID-19. MIS-C patients are often PCR- negative but
antibody-positive, suggesting a late manifestation of SARS-CoV-2 infection [ 24]. In order
to support this hypothesis, Malhotra et al. [ 24] reported a peculiar pattern of admission in
SARS-CoV-2-positive pediatric patients, with pneumonia cases representing early cases
(rst 6 weeks of the pandemic), followed 4 weeks later by cases of MIS-C and AA. Their
study included a total of 48 SARS-CoV-2-positive children admitted to a tertiary care
pediatric center during the peak interval of the COVID-19 pandemic in New Jersey (29
March to 26 July 2020). Pneumonia and MIS-C were the most frequent cases; a cluster of 10
(20.8% of total cases) SARS-CoV-2-positive patients were admitted with AA.

Tullie et al. reported that children with SARS-CoV-2 infection may present with clinical
features suggestive of acute appendicitis (AA) or atypical AA as part of MISC [ 17]. In
their series of pediatric cases from London, all patients were diagnosed with terminal
ileitis and did not require surgery. Furthermore, Lishman et al. reported on 3 cases
of children who were diagnosed with AA and who underwent surgery with con rmed
appendicitis at pathology (2 of them with perforated appendicitis) [ 25]. However, all
3 patients were diagnosed with MISC after surgery based on extensive laboratory and
cardiology (echocardiography) assessments. They required admission to the intensive care
unit (ICU) and complex medical management including intravenous immunoglobulins
(IVIG), inotropic support, a steroid i.v. pulse, and antibiotics. The patients were hospitalized
for 7, 10, and 11 days, respectively, with the intermittent need for ventilation and mask-
delivered O» in 2 patients. Furthermore, deVos et al. suggested that AA may occur as a
complication of SARS-CoV-2 infection through similar mechanisms as typical, non-COVID-
related AA (in ammation associated with viral entry or reactive lymphoid hyperplasia
causing luminal obstruction). The existence of a large number of angiotensin-converting
enzyme 2 (ACE-2) receptors in the terminal ileum could facilitate the viral binding at this
level, with consequent clinical and pathological features [ 26,27]. Furthermore, deVos also
stated that if no fecaliths are found in children with AA, vasculitis or in ammation may
represent the pathological mechanism of occurrence. In their opinion, there is a de nite
connection between AA, COVID-19, and MISC, and MISC should be considered in every
patient with clinical AA who is also positive for SARS-CoV-2 at admission. This assumption
has also been supported by other studies [24,25], which underlined the similitude of
gastrointestinal symptoms found in children with MISC and AA, respectively.

Alotaibi et al. reported on 2 cases of AA in children who, based on clinical features and
abdominal ultrasound (US) ndings, were diagnosed with AA and underwent surgery [  28].
The pathology was consistent with benign lymphoid hyperplasia in one case and acute
appendicitis (but without perforation) in the second case. The postoperative course was
dif cult in both cases, with hypotension and ICU admission; additional laboratory ndings
and the patient history con rmed the diagnosis of MISC. The patients received appropriate
treatment with antibiotics, IVIG, i.v. methylprednisolone, and prophylactic enoxaparin.
They went home in a stable condition. Alotaibi et al. concluded that MISC can mimic AA
and that both conditions can occur simultaneously. Using a multidisciplinary approach
and obtaining relevant laboratory data and radiological imaging results can facilitate the
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early recognition and appropriate treatment of MISC, as well as the appropriate timing
of surgery for AA in MISC cases. This approach allows the early recognition of MISC in
patients presenting with clinical symptoms suggestive of acute abdomen, including AA. It
is cautious because it can avoid unnecessary surgical interventions, which is advantageous
considering the high risk of morbidity in these patients [ 29]. Moreover, patients with
uncomplicated AA can be safely treated conservatively [ 12,30]. Patients with AA and
MISC are likely to require surgical procedures due to the severe presentation of MISC,
which may lead to a clinical decision for an appendectomy. Anderson et al. reported the
successful management of a patient with AA in whom concomitant MISC was recognized
and treated with IVIG, antibiotics, and inotropic support until the patient's condition
became stable B1]. Surgery was decided on after identifying a fecalith in the appendiceal
lumen, and a perforated appendicitis was found during surgery. After surgery, the patient
received an interleukin- 1 receptor antagonist (Anakinra) instead of corticosteroids.
Suceava County Hospital, where this study was performed, is a large, 1400-bed unit,
covering the medical assistance for more than 800,000 people, of which 150,000 are children.
Starting at the end of March 2020, Suceava County was placed under epidemiological
guarantine until late May 2020. The hospital was designated as a "COVID-19 hospital’ for
various time intervals during the COVID-19 pandemic. As a result, many emergency or
scheduled presentations had to be canceled until 1 June 2020, when the hospital again
started regularly functioning. This was also true for the pediatric surgery department. Until
the end of May 2020, all surgical cases in pediatric patients had to be directed to hospitals
in close proximity for appropriate treatment. The regular activity started again on 1 June
2020; between this date and 31 March 2022 (the beginning and end points of our study,
respectively), a total of 1598 patients were discharged from our department. This number
represented a signi cant decrease compared to a similar time interval 2 years before (1 June
2018-31 March 2020), with 2334 patients discharged (a decrease of 31.54%). Additionally,
the number of children with acute appendicitis (AA) discharged during the 2-time intervals
decreased from 324 cases (1 June 2018-31 March 2020) to 172 (1 June 2020-31 March 2022), a
decrease of 46.3%. We consider these changes to be mostly related to COVID-19 pandemic,
similar to other reports worldwide. Of the 172 cases of AA treated between 1 June 2018
and 31 March 2022, 4 (2.32%) were also diagnosed with SARS-CoV-2 infection and were
included in this study.

5. Conclusions

We have reported on a total of 4 (four) cases of acute appendicitis (AA) in SARS-CoV-
2-positive patients from a pediatric surgical department in Northeastern Romania, which
experienced a large number of COVID-19 cases. No patient had respiratory symptoms at
presentation, and only 1 (one) of them had a fever, which was not related to the abdominal
disease. The management of these patients was adapted to the COVID-19 pandemic
protocols, including a 12—-24-h delay before the result of the PCR test became available.
This did not generate any immediate unfavorable outcomes. There was no patient with
complicated AA at the time of surgery or clinical or laboratory data to support the existence
of MISC with pseudo-appendicitis as a clinical picture. Only one patient required ICU
admission, but none of them required inotropic support or systemic anti-in ammatory
therapy postappendectomy. The pathology was consistent with acute appendicitis in all
4 cases. There were no long-term complications recorded in these patients. Although the
number of cases was small (but comparable with other studies), we considered these cases
to be AA in SARS-CoV-2-positive patients and not gastrointestinal manifestations of MISC.
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26.1. TESTELE MOLECULARE N MICROBIOLOGIA‘CLINICA:
. BENEFICII $I LIMITE ‘ :

Biologia moleculard, prin sondele ADN si prin amplificarea acizilor nucleici,
deschide noi orizonturi §i peniru microbiologia clinici: depistarea si identificarea
tapidd ‘a unor microorganisme. care cultiva Jent,‘.sdi_ﬁc_il'-sau deloc. _

Utilizarea sondelor ADN a fost verificatd in suficientd -masurd atit, prin detec-
tarea vapidd gi:specificd a unor microorganisme in-prelevate patologice, cit §i prin
identificarea rapidi - a, unor jzolate indatd ce cultivarea lor in bulion a fost ‘detectatd
prin senzoti sensibili (e. £, radiometric): Tabelul 26-1. prezintd sondele ADN co-
mercializate in prezent pentru uzul labotatoarelor clinice. ! .

Amplificarea acizilor nucleici a devenit prin marca ei sensibilitte, metoda de
electie pentru detectarea directa a ADN microbian in probele clinice; iar specifi-

' 'TABEL 26-1

Tyis

jailor .

‘ationy = Mieroorganisine pentru care .sunt comercializate®  sonde moleeulare
ation) : (duph PODZORSKI §i PERSING, 1995)

Detectarea directd . ' ‘ T Mycobacterinm avinm cdrﬁpiex
Bacterii ; Mycobacteriint. g.orcfwme .
Chilamydia trachomatis Mycobacteritm Tansasii
Gardnerella vaginalis® Myeobacterium tubercilosis
Legionella pnewmophila Mycobacterimt tuberculosis complex
Neisseria gonorrhoeaé' SR ‘Neissaria ponorrliceac
Streptocaci grup A _ Staphylococcus aureis
Protozoare o . "Streptococi grup A
Trichomonas vaginalis® . e Streptococi grup B
Fungi A - ’ . —_ -S;rr'eptococbfas \pnemn.oniae
Candida spsp. B . - Fungi _
-Virusuri ' . Blastomyces _demratiﬁ'dis
Papilomavirusurile wmanes : " Coccidiodes imitis
[dentificara culturit ‘ s ‘ Crwmcacéus’_néofmv‘nan’é
Bacterii Histoplasina capsulatiin
Campylobacter spp. Virusuri
Enterococciis Spp. . . L Papilomavirusurile umane®
Haemophilr}s influenzae :

fia de o
Listeria monacyrogenes

Mycobacteriion avint

L ' Mucobacterium intracellulare ' )

‘ : a Sondele au fosi aprobate de FDA (US. Food and Drug Administration). Toate, cu exceptiile
system precizate, sunt produse de Gen-Probe Inc., San Diego Calif.
 Produse de Micra Prabe Comp., Bothell, Wash. Toate trei microorganismele sunt detectate intr-
o singurd reaciie. .
¢ produs de Diogene Diagnostic, Tnc., Sitver Spring, Md.




citatea ei o face exirem de ientantd pentru detectarea anumitor gene la bacteriile
cultivate. Deoarece n timpul reactiei este generatd o mare cantitate de ADN, colo-
rarea cu bromuwd de etidiu este suficientd pentru detectare.

Metodele moleculare sunt fnci scumpe §i nu fnlocuiesc in mod necesar me-
todele convenfionale de izolare, identificare §i testare a sensibilititii la antibiotice
a izolatelor cu semnificajie clinicy:

* Pe de o parte, relajia cost-beneficiu este cea care trebuie si dicteze alegerea
uneia sau alteia dintre aceste categorii de metode. Céteva exemple ilustreazi cum me-
todele moleculare pot inclina balanfa in contul beneficiului: identificarea mai rapidi
$i reproductibild a unui stafilococ meticilino-rezistent, detectarea directi a Mycobac-
terium tuberculosis multirezistent la chimioterapice permite mai precoce [intirea pre-
Cisd a terapici etiotrope, izolarea pacientului contagios.

® Pe de altd parte, in ciuda sensibilitdfii §i vitezei, procedeele de amplificare
a acizilor nucleici nu vor fniocni metodele conventionale, cultivarea si serologia,
deoarece semnificatia rezultatului nu este necesar superpozabild. Metodele de ampli-
ficare a acizilor nucleici determini daci ADN sau ARN al unui anumit microorga-
nism este prezent in produs, dar nu day nici o informatie legati de viabilitatea -
organismului (poate fi detectat ADN st din microorganisme moarte) san daci
microorganismul este implicat sau nu in procesul infectios. Cultivarea demonstreazs
viabilitatea microorganismuluj $i vine cu argumente proprii privind semnificatia cli-
nici a acestuia, iar cresterea fitruluj anticorpilor fatd de un anumit agent specific
fi sugereazi clar implicarea in infectie.

26.2. SONDELE MOLECULARE

Sondele ADN comercializate au adus biologia moleculardi in laboratorul de micro-
biologic clinicd §i sunt in uz de maj mulfi ani.

Metodele de utilizare a sondelor ADN sunt in prezent bine standardizate gi
mai simple decit cele peatru amplificarea fintei. Avantajul sondelor mici (20-50
perechi baze in lungime) este durata reduss a tehnicilor de hibridare, Cantitdfi cres-
‘cute de secvente scurte reduc timpul reactiilor de hibridare comparativ cu cantitifi
similare de sonde cu lungimea de 500-1000 perechi de baze. Oricum, sensibilitatea
atinsi de sondele convenfionale este mai reduss decat cea obfinuti cu amplificarea
acizilor nucleici (tabelul 26-2).

TABEL 26-2

Detectarea acizilor mucleiel prin sonde si prin amplificare: date comparative privind sensibilitatea
(dupi PODZORSKI si PERSING, 1995)

Meioda Numir aproximativ de copii detecabil

Colorarea cu bromurii de ethidiu 108
Sonde oligonucleotidice marcate radioactiv 106
Sonde radioactive coniplete 104

Sonde cuplate cu enzime - 108

Sonde chemoluminescente ‘ 104
Amplificarea acizilor nuclefei <10
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Domeniul de electie pentru tehnologia cu sonde ADN fin laboratorul de micro-
biologie clinici este hibridarea in situ Tn probele de fesuturi §i confirmaréa prin

cultivare a microorganismelor cu cregtere lentd.

fr timp ce sondele 'ADN pot fi mai scumpe pet test' decit identificarea bio-
chimici conventional, ‘durata mai scuitd pentru diagnostic le poate transforma intr-un
procedeu valoros dé detectare rapidi. fn plus, prin utilizarea metodologici standar-
dizate cu sonda ADN, este extins spectrul patogenilor pe care laboratorul de micro-
biologie 1i poate identifica de rutind. Ne vom referi la trei metode de hibridare
cu sonde ADN, mai frecvent folosite Tn prezent: hibridarea in fazi solida, “In so-
lutie §i in situ. ' :

“926.2.1. Hibridarea in' fazid solida ”

Slot blor sau dot blot este metoda cel mai mult utilizatd in cercetare §i anumite
Iaboratoare clinice. In aceastd metodd, celulele intacte sunt lizate, ADN denaturat
si aspirat pe o membrani de nylon sub formd de dor (piciturd) si apoi fixat la mem-
brani. Acizii nucleici se leagi la suportul solid, astfel incit membrana de nylon
participi la reacfiz de hibridare. Membrana este imersatd pentru hibridare intr-o
solufic care confine sonda ADN receptor. Sondele receptor nelegate sunt eliminate,
prin spilare, §i este «detectatd sonda legatd. Dot blot este utild pentru. procesare
concomitentd a mai multor probe care sunt scanate pe un-singur filtru.

O varianti a dot blot wtilizeazid hibridarea sandwich sau. de capturd. Aceastd
metodi foloseste doudi: sonde care se leagd la situswi diferite pe acidul nucleic finta.
O sondi se ataseazi pe membrand §i va servi la captura din probd a acidului nu-
cleic tintd. A doua sonds, marcaty, serveste ca detector. Acest sistem este, ih unele
cazuri, mai sensibil decit hibridarea standard pe membrana. fn mod curent, sunt
comercializate truse pentrn tiparea -diferitelor tulpini de papillomavirusuri umane
(tabelul 26-1.}.

Southern-blor este o hibridare in fazi solidd care permite determinarea mdarim-
i fragmentelor ADN legate de zona receptor. Dupd izolarea i digestia- ADN-ului
probei cu endonucleazi de restricfie, fragmentele sunt separate, in funcfie de
mirime, prin electroforezd pe gel de agarozi.

in Northern-blot, sonda receptor este folositd pentru detectarea ARN in loc de
ADN. Separatea §i izolarea ARN-ului total din probd se realizeazd dupd mérime prin
electroforezd cu denaturare.

In ambele tipuri de blotare, acizii nucleici sunt transferafi pe o membrand de
nylon sau nitrocelulozi pentru hibridarea cu o sondd specificd. Datoritd complexi-
tiii ¢i faptului ci necesitd cantitafi crescute de acid nucleic In ‘proba, aceste tehnici
nu sunt utilizate de rutini in laboratorul de microbiologie. ' ‘

26.2.2. Hibridarea in solutie

Existd multe truse de sonde ADN comerciale bazate pe hibridarea in solugie, in
care atit acidul nucleic fintd, cit si sonda sunt libere sd interacfioneze intr-un amestec
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de reactic apos. Interacfiunea {inta-sondéd in mediul lichid dicteazé viteza cu care
apare hibridarea. Cheia pentru succesul tehnicii este sonda ADN monocatenar care
nu hibrideaza cu €a insiisi. Hibridarea fn solutie poate fi detectatd prin digestia ¢ nu-
cleaza S1 a ADN _m_onocatcnar:gi recuperarea hibrizilor sondi-receptor prin preci-
pitare cu acid tricloracetic sau, direct,. prin .cuplarea specificd a hibrizilor la o co-
‘Joand de hidroxidpatitd care leagh sclectiv ADN g:lublu,cateriar.‘_ ‘

. Metoda uzuald, pentrit detectarea hibriddrii in ‘soluﬁj: este. lﬁbridarea de proteciie
(hybridization protection assay = HPA). in HPA, sonda ADN marcatd cu un ester
de acridind este hibridatd cu ADN tintd apoi tratatd cu alcali. Dupd addugarea pero-
xizilor, esterul de acridind emite luming detectabild. in forma sa liberd, sonda ADN '
marcata cu esterul de acridind nu este protejatd de hidroliza, ci convertitd la ©

formi care nu emite Jumind. Tehnica presupung cAteva ore §i nu necesiti Inldturarea

ry

ADN monocatenara in exces sau izolarea complexelor sonda-ADN dublu catenar.

v
. .

2623, Hibridarea insit‘u _' o

Hibridarea in situ implicd, n linii generale, acelagi principiu ¢ gi cele anteri-
oare. Ea apare in contextul morfologic al tesutului infectat. PRI

Interpretatd in contexiul histopatotogic, informatia furnizatd de accastd determi-
nare confirmd faptul. ¢d organismul fintd estc implicat ntr-un proces infeciios i
di informatii aditionale privind{-distﬂbu;ia si abundenta sa in general; secfiunile
fisulare fixate Cu formaldehid -§i paraﬁnate‘-'réprezimé materiatul de fncepul pentru
determinarea it situ. Aceastd tehnicd necesitd ca acidul nucleic {inta <a fie accesibil
hibridarii in timp <€ morfologia tisulard este -pasiratd pentrt interpretar ulterioare.
Asifel, procesarea {esutului trebuie sd fie delicats, penfru @ conserva. structura celu-
lard, dar eficietitd pentru a denatura acizii nucleici din celuld si ai face accesibili
sondei. ‘

Sensibilitatea este limitatd de accesibilitatea acidilui nucleic intd In celuld. Da-
toritd acestui fapt; pentru a favoriza penetraiea tisulard, sunt folosite sonde relativ mici:
300 baze. ‘ ‘

N L

i cay
P4

26.3. TEHNICILE DE AMPLIFICARE A ACIZILOR NUCLEICY

Obiectivul -p:im_ordial al tehnicilor "de amplificare a acizilor nucleici  este
qmbunititirea sensibilittii, eveniuala lof simplificaie §i détectarea non-radioactiva.
Datoritd complexitatii lof, este important € aceste metode sd fie clasificate
tn trei categorii principaler ‘ ' ‘

e amplificarea fintei, cum gunt: PCR (Polymerase Chain Reaction), ISR (Self-
sustained Sequence Replication) sau SDA (Strand Displacement Amplification),

o amplificarea sondelor, care include Q fB replicase Sau LCR (Ligase Chai
Reaction); ...+ ‘ L L _ ‘
. @ amplificarea semnallui, T care semnalul produs de fiecate sondd este Cresc
prin utilizarea sondelor compuse. '
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Procesul amplificirii acizilor nucleici in vitro este oarecum analog cu amplifi-
care biologici sau cultivarea unui microorganisni, cu dublarea enz1n1at1ca si amplifi-
carea secventelor specifice de acizi nucleici,

' Unele protocoale de amplificare sunt selective, concepute pentru a amphﬁca
specific o tintd de acid nucleic a unui microorgahism, particular sau a unm alup de
microorganisme in prezenia florei asociate. Alte procedee proiectate si fie nese-
lective, sunt numite ,universale" sau cu spectru larg si au posibilitatea dé ‘a ‘amplifica
secventele de acizi nucleici de la o gami variatd de microorganisme. Procedeele de
amplificare in vitro au un avantaj selectiv fafd de cultivare: au sunt limilate de
capacitatea de crestere a micrioorganismului pe un mediu artificial.

26.3.1. PCR (Polymerase Chain Reaction)

Inca de la aparifia sa in 1983, PCR a devenit un punct nodal in domeniul
biologiei moleculare. Este o tehnicd ingenioasd bazati pe capacitaiea ADN-polime-
razei de a copia o cateni ADN prin elongarea catenelor complementare, inifiata de
la o pereche de amorse oligonucleotidice adecvate, Teoretic, fiecare ciclu de reactie
dubleazi cantitatea de ADN {intd. Impactul PCR asupra biologiei moleculare concu-
reazi si depigeste orice altd tehnicd moleculard.

Ca in toate procedeele de amplificare a acizilor nuclelcz fintd, sunt necesare o
serie de informalii despre secvenfa {intd, pentru a alege n mod adecvat amorsele
oligonucleotidice monocatenare (fig. 26.1.).

Aceste amorse PCR, cu lungime de 20-25 nucleotide, pot fi smtetxzate folosind
un sintetizator automat. Specificitatea fnaltdi a PCR este parfial datoratd faptului c#
cele doud amorse trebuie si hibrideze in apropiere de ADN (intd In conditii stricte
de temperaturd nainte de apatitia amplificanii.

Un set standard de temperaturi include denaturarea ADN dublu catenar la
94°C fntre 15 secunde §i 1 minut, hibriddiea amorselor oligonucleotidice la 52°C
timp de 15 secunde pand la'2 minute §i elongarea (sintezd mediatad de polimerazi
a catenelor complementare) la 72°C pentru 15 secunde pina la-3 minute: Aceste
3 etape sunt repetate i 25-35 ciclud. In primele cicluri ale reacfiei catenele sinteti-
zate inifial variazi in lungime, In functie de ADN polimerazi. Amorscle incep si uti-
lizeze noile catene de ADN ca matritd §i, in céiteva cicluri, produsul predominant
este o secventd ADN dublu catenar, a cérei lungime este suma lungimilor celor
douz amorse plus ADN {inid. Prin urmare, PCR este o reacfie de amplificare expo-
nenfiali, in care, dupi ,n* cicluri, apare de (1 + x)* or mai mult ADN finta fatd
de starea inifiali, unde x = media eficientei reactiei pentru fiecare ciclu. Teoretic, 20
de cicluri trebuie si produci aproximativ de 1 milion de ori mai mult ADN, finti
fa;ﬁ de momentul initial. in practlcﬁ maxima teorefici nu este atinsi nici, odata.
astfel ncdt sunt necesare mai multe cicluri pentru -asemenea amplificare.

In ciuda sensibilitifii deosebite, PCR este victima propriului siu succes. Pot
apirea reaclii fals pozitive prin acizii nucleici contaminali datoritd puterii de amplifi-
care incredibile a reactiei. Contaminarea noilor probe cu ADN amplificat anferior
este ¢ problemi importantd a laboratoarelor in care se executdi PCR.
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Principiul

* Amplificarea unei matrite de ADN prin
polimerizéri succesive :

* Doi oligomeri de sintezit servesc drept
amorsi si conferdl specificitatea reacfiei

+ Dupd denaturare, fiecare lan{ nou sinteti-
zat servegte drept matrii ‘

Primul cicly

5 —— 3’

Denaturare Ila 95°C
5 3

. Hibridaréa amorselor

prin ricire progresivd 95°C-55°C L

P o —

Extensia amorsei prin Tag polimeraza
" la 70°C

| Seeventa de amplificat |

3 5

Matricea ADN

AMORSA

Al doilea ciclu

e e e o e — — ——y o
b ey W W v Sy Vo |

A — VL —

Fig. 261, WArnpliﬁcnrea geneticl

- Altd problémi este formarea artefactelor amorselor §i hibridarea nespecifici a lor,
Formarea artefactelor apare cind ADN polimeraza sintetizeazi un produs care cig-
tigd situsul de legare al amorselor. Fenomenul scade eficienta PCR prin consumul
amorselor §i competifia cu adevirata {intd pentru alte componente necesare reaciiei.
Conditiile favorizante sunt: e temperaturd scdzutd, e prea pufin ADN (int3, ® prea

multi polimerazi in ciclurile precoce si ® cicluri excesive.
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Hibridarea nespecifici a ‘upei aiilorse nu este, in general, o problemai majord,
Dacd aceasta apare, secvenfa non-lint§ se amplificd de 30 de ori i 30 de ciclur,
si nu exponential, deoarece produsu] primei elongér,i} nu trebuie s3 congini o sec-
venid complementari celeilalte amorse. Aceste probleme sunt ‘d'cpégi‘te.prin ajter-
narea condifiilor _,de reactie sau p_ﬁ_i_;:const_ru;irga.“unor amorse mai specifice.

263.1.1. Reactivi si materiale L

Vom prezenta pe scurt: tamponul, amorse, Jucleotidele, ADN polimerazele i
termocicloarele. , ‘ Lo L .

Tamponul este de importanti vitaly, deoarece determini condifiile de hibridare
4 amorselor gi cele de functionare a pgiiméraz;éi: eg., Taq polimeraza_nu poate
functiona .cand salinitatea mediufui este crescuts. . L T -
~ Tampoanele recomandate de CETUS ‘Co_rpoga-tipn,,'cupiind (pentru un. tampon
de 10x mai concentrat): . P ..

) 'TRIS HCI 100 mM, pH 83, Ia 25°C,

KC1 500 mM . .
Felating 001% .
MgC1, 15 mM

- Prezenta unui agent macromolecular (aici gelatina, alte. ori serumalbumina bovinz)
a devenit obignuiti §i favorizeazj cinetica reactiei. Concentrafia MgCl, este un factor
vital pentru buna functionare a Tagq polimerazei. Parametrul determinant este con-
‘c_:entra;i‘a mediului In ioni de magneziu liberi, In anymite protocoale de lizd i de
extraclie, ca §i la anumite tampoaqe-_p@mru.canservama ADN, este wiilizat, EDTA jar
reziduurile chelatorului pot modifica substanial concentratia in Mg2* liber.

la o concentratic finald de 0,3-0,5 pM fiecare. Specificitatea reacliei .de amplifi-
care poate creste prin_diminua:ea_ considerabili a concentratiei, dar cu preful scaderii
randamentului. ' ‘ ‘ S o

Nucleotidele. Este vorba de siiruri de litiy sau sodiu cu 4 deoxiribonucleotide
trifosfate, care pot fi dozate. in solufie apoasi prin spectrofotometrie UV la 260 nm.
Contrar unei opinii rispéndite, nucleotidele pot fi frecvent uiilizate fard neutralizare,
dar acest proces poate pértlgz__r_ba func;icinarea_'enzimpi brin cregterea salinitstij




mente esie extrasi diptr- ler ‘mof] ild s34 in apele cu -
temperatura mai mare de * , Thermuss' aquatic 1 (CHIEN et al,, 1976),
descoperitd 't Parcy) National Yellowstone tn §.U, A in 1969. Existd si forma ro.
combinati, obfinutd prin clonare 14 & éoli. '
* Companiile - CETUS $i ROCHE au un brevet de’ exclusivitate pentru cele doux
forme de enzims (nativi gi recombinatf) si anumite aplicafii In amplificarea genici,
Este important si fie Cunoscutd sursa enzimej utilizate peniru ci prezenta ADN
bacterian al wlpinii prod et ex
utilizate amorse dé £ ¢o

provine nici de 14 E. ¢ofj la ticus,
deja comunicats, Aceasta justifics din’ nen necesitat
de amplificare (PCR ‘firs ADN" extern)

Tag polimeraza are 94 kDa $i tempera

3°C. La aceasti temperaturs, viteza 4 |
per secundd, dar scade repede cu temperatura (15 baze per secundi [a 37°C; 0,25
baze per secundi la 22°C). Viteza de sintezs scade repede si la peste 80°C, fiind
aproape nuli la 90°C. Epzima este extrem de ',termorezistenté' intre 90°C-92°C;
semiiviata sa'la’ 92,5°C este de' 130 minute. Scade insd rapid! 40 minute Ja 95°C,
5 minute la 97,5°C. Protocoalele de utilizare tiebuie 55 find seama de acest aspect

] de 1 ,hpi"c’)ape;'_'de 90°C sai prélungit a 00°C.

zar a. istd,
clongare dup# ‘eXpunere ‘termicy
" Numeroase ‘studii’ au ‘évaluat _
utilizdre ‘clasice sat cu unele modificliri. ‘Rézultatele apar cite o datd divergente,
dar trebuie” refinute citeva aspecte: 0 v o h N
® Taq polimeraza nu 'posedi, ' in ‘vitro,
tivitate '3'<5” eXonucleazics, @ '+ - ¢ o _
6 O éventuils activitate e)édﬁuélég?ici’fi’—i%’ xfh"pune'prd’bleme i PCR pengru
cd ‘extiemitifea 5° a amoielo; “ !

"divelul ‘de ‘perforinangi” al “enzimei- 1 ‘condifii de

[}

ca m“é_‘idritatez{"celgrl'a[te polimeraze, ac¢-
1 K . A . [

Pl
R .

it .

eguld’ fosforilaty " (condifié indispeng-
P . o L SR
bild pentru Tuncfionarea exonucleazelox; 5°’-3"),

o Niindrul erorilor de' incorporare éste redus i poate’ i diininuat' prin’ séz’”'i'demsg
la maximum ‘a durdtei “de " polimerizare; 4 concentraiei it nucleotide i MgCl,, .
+ Compozifia mediului de teacfie tinds si optimizéze randamentu| enzimei, n
vederea respectirii specificitifii ampiificarii- Concertragia’ fa KCl este iri general de
50°'mM {(ce pérmite reacfii de hibridare corecte) ‘s “stimuleazs activitatea Taq po.
limerazei. Din contra, b concentrafie ‘'de’ 75 tin inhibd complét enzima. Randa.
eéntul depinde g de coficentrafia mediului in Mg+ liber. "Specificitatea enzimei
scade &Cly cregte. Un'compromis se realizeazi fntre 1,0-2,5 mM
; . final. chtrafia ‘i ny leotide inter; 4, in general, ci cea a Mg2+
liber. Randainentu] enzimei creste cuf concentratid de nucleotide, * apoj diminui
printe-un ‘fenomen’ de inhibitie prin ‘subsirat, a o
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Pentru a tenta ameliorarea functiondrii enzimei, sunt folosifi unii aditivi, Acestia
furnizeazi rezultate greu reproductibile de ja un protogol la altul; este cazuj dimeti]-
sulfoxidului (DMSO) utilizat clasic, la o concentratie de 10% de ciitre unjj autori, la
care GELFAND si WHITE (1990) nu gisesc ajci un efect. semnificativ pe Tag
polimerazi, Acelasi este si cazul urcei 1 M. Oricum, aceste substanfe par sS4 aibi
un mecanism de g actiune care nu im licd direct enzime, ci 111e¢ani’_s!‘n1'ele; cinetice

s

ale hibridirii. Concentratia de 50" mN acetat de’ amoniv, clorury de amoniu sau

NaCl nu au efect marcant, Compugii ca: etanol, dim’etilformiainid& sau formamida
au un efect inhibitor important [a concenftrafii de peste 10%. .

Aceeasi Taq polimerazi, sensibild la variagiile salinitdtii, este cu mult maj tole-
rant¥ la variafiile de pH. Prézenfa dodecil sulfatului de sodiu (SDS) la o coficentratie
mai mare de 0,001% este inhibitorie” pentru enzimi, dar efecty] este eliminat prip
adaosul de Tween 20. Concentrafiile optime dé Tagq polimerazi sint cuprinse ntre
10-25 U/ml medju de reacjie. R S e
- Alte ADN polimeraze termorezistente sunt: - ' : :

* Bsi polimeraza extrasi din Bacillus stearothermophilus, comercializati de socie-
tatea BioRad, o enzimi apropiati' de fragmentul Klenow al polimerazei de la'F, coll,

o Tth polimeraza extrass din Therumus theromphilus, propusi de U.S.A. Bio-
chemica, apropiaati de Taq polimerazi §i tot' cu activitate exonucleazici redusi,
Tabelul 26-3 prezints polimerazele ‘termostabile verificate I practica PCR.

. TABEL 26-3

ANE; polimeraze tennostﬂlgi_lg foloéile_ uzual
(dupi PODZORSKI §1 PERSING, 1995)

[N T A

IR f

Enzima Sursa ‘ Fitma produciioarn Aclﬁum!e i :

‘ - éxonucleazic - - '3'_’
Tag .  Thermus aquaticus Perkin Elmer Corp. ] Ni | j
AmpliTag - dagq recombinani .. Perkin Eler Corp, Nu
AmpIiTaq_‘ Stoffe] ' AmpliTag minug . Perkin Elmer Corp. - o,

. 289 terminal aa S . L I

Tt o ‘Ther.-mfs"rhemz’oplu_’!us' Perkin Elmier Corp, CUUNu
Ulima - Thermotoga maritima Perkin Elimer Corp, ~ ~ " Pa T 7
Venr Thermococeus litoralis New England’ Bib Labg ‘Da :
Vent(Exo) Venr recombinant New England ‘Bio Labs -~ 7 Ng *
P I * - Pyrococcus firiosts _ - Stratagené, Inc. L Dy

Termocicloarele sunt aparate Iici, programabile, - care, permit realizarea, unor
‘himbdii de “temperaturd n ciclurile de amplificare fn" mod automar, Incalzirea
te oblmuti prin rezistengdl sau lampd de halogen, iar sistemul de ricire,_este con-
ituit dintr-un  ventilator sau circulatie de .ap4," Microtuburile (500-1500 u) sunt
asate pe un platou cu inerfie termici redusd (aluminiu, de exemplu), in godeuri
librate, iar contactul termic poate i optimizat prinir-un produs siliconat, ‘

- Pentru alegerea apdratulu trebuie respectate o serie de criterii simple: .
~ ¢ Numirul de probe tratate simultan (microtuburi de 500 sau 1500 pl, riiicro-
ici) trebuie adaptat nevoilor utilizatoruluj: microtuburife de 500 Wl ‘sunt mai ugor de
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folosit decit cele de 1500 wl si mai adaptate la gerii mari (peste 20 de probe)
avind o inerfie termici mai micid. Microplicile permit tratarea s:muitané a 96 probe,

dar sunt expuse contaminérii,

e Puterea de incHlzire §i de ricire trebuie sd fie suficientf, pentru a evita
ciclurile interminabile.

e Trebuic sd posede un termomefry’ intr-un tub martor.

e Si fie ugor de prowramat sd aibd 111611101'13 permanenté

e Costul competmv '

it : M Tapn o . * 1

* 26. 312 Protocoale ‘dé Tucru. Pentru a nnnmnza riscul contammﬁm prin produsii

PCR ‘provenifi din manipuliri precedente este ideal ca tuburile PCR si fie manevrate
In camere diferite, cu pipete al ciror varf este prevazut cu filtru de vatd. Daci spafi-
vl nu permite- compartunentarea trebuie luate o serie de precautii:

s Hste exclusd efectuarea PCR.1In zone unde sunt mampuiate si clonate frag-
mente. de, ADN omiolog. - .

e Este cvitatd manipularea ,in acela§1 tunp a tubunlor mamte de mlperea reac-
tiei: §i a celor care coptin produsul «de. amplificare. .

s Tuburile goale si varfurile pipetelor pipetelor .trebuie expuse 10-15 minute la UV,

e Manipularea cu ferestre i usi. inchise,. aerul condifionat oprit.

e Includerea Tn orice serie de testare a unui martor negativ. Respectarea acestor
reguli reduce mult riscul contamindrii.

Sunt posibile §i unele metode de ,,sterilizare a produsului amplificat cu men-
tinerea la minimum a riscului de contdminare. Deja existd dou#i propuneri in acest
sens (PERSING, 1991) Prima, utilizeazd proprictdtile fotochimice ale derivatului
.de psoralen, AMDMIP. Produsul poate fi addugat la mediul de reacjie inainte de
PCR i, deasupra unei concentrafii date, nu perturbd functionarea Tag polimerazei.
La finalul amphﬁcam nainte de deschiderea tubtbrilor, expunerea de lungd duratd a
UV permite reactia intre -4’ AMDMIP cu reziduurile pirimidinice ale acizilor nucleici
(CIMINO et al., 1991) Dezavantajele majore sunt, pe de o parte, riscul xnterferen;m
4’ -~ AMDMIP cu Tagg polimeraza si, pe de altd parte, modificarea posibili a ca:
pacitifilor de hibridare a secventelor sintetizate cu sonde specifice. A doua propui
.nere pentru diminuarea riscului contamindrii copsti fn utilizarea regulatd pentru
‘PCR a deoxiuridin trifosfat (dUTP) cu adaosul de uracil-N-glicozilazi (UNG), o
enzimi care cliveazi reziduurile uracil In toate tuburile PCR. Eventualii contaui-
panti provenifi de la o PCR anterioard sunt inactivati prin UNG, in timp ce ADN
esle respectat.

" "Mixarea reactantilor in tuburi. Sunt posibile mai multe strategii. Cea mai
simpld este de a ‘pomi de la un amestec care confine: nucleotide, amorse §i Taq
pohmela?é in cantitate suficient’d pentru testele realizate, distribuit in tuburi, si la
care este adiugat in final ADN Experienta arati ci pentru ob;melea unor ‘rezultate
bune, este preferabil ca acest amestec sd fie preparat in fiecare zi. Volumul final
al reactiei este de 100 pl sau, mai bine, 50 . Pentru a limita evaporarea, inainte
de mchlderea tubului este adfugati o piciturk de vlei de parafini sau Decaline
(decamhldxo neftalen) _Amplificarea incepe cu un platou termic la 90°C tunp de
10 minute, peniru objinerea denaturirii complete a ADN. Aceasti etapd nu este
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azd prelungita Ia tem-
peraturad ridicatd, sau dacyg famponul de amplificare contine un agent de denaturare,
Ciclurile de ampiificare Propriu-zise (intre 20-40) cuprind: , .
* O ftrecere la temperatura de denaturare (citeva secunde Ja 94°C-95°C sau
1 minut Ia 90°C), '

* Un platou (30-60 secunde) la {emperatura de hibridare (40°C—7$°Cj. Se

poate incepe ci o valoare de Ty - 5°C, Tm. fiind temperatura de semidenaturare,
datd de formuyla; -

unde x este numdrul reziduurijor guanini say citozini, dar ¥ numdrul reziduy-
rilor adenini say timind i amorsa considerat, Dec; temperatura de hibridare
€ste cu atdt mai mare ¢u cat lungimea §i procentui guanind citozing a amor-
selor este maj crescut,

¢ Un platou (30-60 secunde Ia lemperatura de polimerizare (72°C—75°C) cu
Taq polimeraza,

Cea mai bunj specificitate  este obtinuti Ja o lemperaturs de hibridae ¢8t mai cres-
Cutd posibil: formulele matematice care o aproprie de T, indici faptul cx o tempe-
raturd de hibridare mai micy de T -5°C defermin aparifia amorselor de 20 baze cu
secventele avand numai 19 baze complementare,

Detectarea post-amplificare, Alegerea unej metode de detectie depinde de:
* tipul sistemulyj de amplificare fologit (acid nucleic fintj sau sondj molecularg),
* cXlinderea heterogenitﬁ;ii Secventei in proba de lestat, e necesitates confirmirii
Secventei pentru produsy] amplificat. Procedeele de amplificare a lintéi oferd cele
mai simple produse pentru detectarea post-amplificare. Existy o cantitate mare de
produs, jar secventa este omogeni si reduce complexitatea detectiri,
- Amplificareq St detectarea simultans cu bronurd de etidiy,, Un astfe] de pro-
cedeu reduce numéiryl de etape implicate 1n detectie i scade posibilitatea contam;.-
ndrii mediulyi de laborator cu produs de amplificare, Bromura de etidin este adju-
iald la reacfie pentra a depista concentrafiile crescute de ADN dublu catenar., n
rezenfa acestuia, fluorescenta bromuri; de etidiu cregte si indicy amplificare pozitj-
‘d. Metoda este bupj pentru produse ca serul ‘say plasma, care ny confin cantitafi
Tescute de ADN initial. Nu este necesard deschiderea tuburilor de reactie’ pentry
le expune la luming, deoarece sunt suficient de transparente la Uy $i nu interfers
u detectia vizualg g fluorescentei. Un avantaj suplimentar aj acestei proceduri este
i amplificarea $¢ monitorizeazs continuu, prin iluminarea tubului cu UV, Proce-
eele omogene (In care diferite reacii au loc firj Separarea Componentelor), cum
e cel descris, reduc probabilitatea contamindrii mediului de laborator, desarece

far dacd tehnica este usor de realizat, detectarea cy sondd ADN ofery avantajul
wificitifii de secventd §i sensibilitate crescutd. Majoritatea tehnicilor de acest tip
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folosesc electroforeza pe gel de agarozd urmati de transferul ADN pe membrana. .
de nylon sau nitarocelulozs, sondd marcatd radioactiv specific §i vizualizarea ADN
dupd expunerea membranei pe film radiologic. Metoda oferti specificitate si sensi-
bilitate foarte bund, dar este laborioas# iar folosirea sondelor marcate radioactiv
scade gansa aplicdrii de rutind la laboratorul clinic.

o Hibridarea de protectie (HPA) se bazeazi pe utilizarea unei sonde ADN che-
miluminiscente, O sondi marcatd cu ester de acriding, care este hibridati cu ADN
lintd, este protejatd de hidroliza alcalind si, dup# adaosul peroxizilor, emite lumind
detectabild, In form¥ nehibridatd, esterul de acridinid nu este protejat si este hidro-
lizat la o formd caré nu emite lumind. HPA nu necesitd legarea ADN amplificat la
un suport solid prin,capturd, poate fi efectuatd in citeva ore gi are o sensibilitate
de 106 - "10'1® molecule (10+7 copii ADN {intd). Metoda nu este aplicatd universal
deoarece sondele marcate cu ester de acridind trebuie sintetizate prin comanda.

' 96.3.2. Variante ale PCR

Moedificiri ale procecfurii standard au crescut semnificativ posibilitijile de diag-
"nostic ale PCR.

26.3.2.1. PCR cu incubare utilizeazd douid seturi de amorse peantru amplifi-
care, cu pnul directionat citre produsul de amplificare al celuilalt set, gi’ doud runde
de amplificare. Acest procedeu are ca scop cresterca sensibilitdfii PCR prin reampli-
ficarea directd a produsului primei reactii. in prezent sunt folosite doud tipur de
PCR cu incubare: cu doud tuburi §i cu un tub (PODZORSKI si PERSING, 19935).
Procedeul cu dowdl tuburi, In aceastd variantd primul set de amorse este introdus
in amestecul PCR si amplificata 25-35 cicluri. Apoi tubul este deschis §i produsul
transferat in al -doilea tub, care confine ceidlali set de amorse, complementar pro-
dusuiui primei reactii §i care se leagd de capitul intern 3’ al setului 1. A doua
reactie comportd 25-35 cicluri si produsul este analizat prin metode standard.
Procedeul cu un singuwr tub are avantajul ci tubul nu este deschis, ceea ce
reduce riscul pAspéndirii ADN amplificat In mediul de laborator. Oricum, metoda
este mai complexd §i mal putin accesibild pentru unele laboratoare. Existi dou#
protocoale pentru procedeul cu un singur tub: unul se bazeazd pe separarea fizicd
a acelor doudl seturi de reactivi intr-un singur tub, iar celiilalt pe diferenjele ntre
tcmpelaturﬂe de alipire (annealing remperarme) ale celor doud seiuri de amorse.
M In primul procotol, amestecul primar de reactie este mixat dupi metoda
obignuits. Al doilea set de amorse si celelalte elemente necesare urmitoarei reacii,
mai putin ADN {int#, sunt inserate intr-un strat gros de ulei mineral, deasupra
amestecului care conjine primul set dé amorse. Dupd prima rundd de 25-35 cicluri
PCR, tuburile sunt centrifugate pentru difuarea continutului primei reaclii gi ames-
tecarea cu setul 2 de amorse si constituentii stratului de ulei mineral. Apoi se reali-
zeazd a doua rundd de 25-35 cicluri PCR gi analiza produgilor de amplificare.”
@) In al doilea protocol amestecul de reactie confine ambele seturi de amorse.
Seturile de amorse sunt proiectate astfel Incét setul 1 hibrideazd la o temperaturd
semnificativ mai scizuti ca setul 2. PCR este pornith inifial la temperatura optimi a




setului 1, din care rezultd un amestec de produsi obtinut din primul §i al 2-lea set
de amorse. O 'modificare cltre temiperatura optim# superioars pentru setul 2 favo-
rizeazd amplificarea produsului intern (incubat) al setului 2 de amorse, O "varianty a |
acestui protocol folosegte o temperaturd mai crescuid peptru prima rundi de am-
plificare. o oLt

Avantajele PCR cd incubare derivi din marea putere de amplificare a acestei
metode. Prin colorarea directs a ADN, poate,_)fig‘detecia[ﬁ;dqar 0 singurd moleculd de
ADN {intd eliminind astfel etapele aditionale de hibridare postamplificare. cu .0
sondd marcata, Pentru procedenl cu douy tuburi, . beneficiul Suplimentar este ci
transferul in al doilea tub dilueazi eventualii inhibitori aj reactiei, .care ar putea fi
Prezuenti In proba inifiald, iar randamentul reacfiei este net superior comparativ: cu
metoda standard. In plus, reamplificarea. ADN t{intd cu un al. doilea set de amorse
cregte sensibilitatea si verified specificitatea produsului primei runde, - ,
PCR cu incubare are si unele dezavantaje. importante, care i-ar putea limita

primei runde de amplificare nu poate fi inactivat §i este disponibil pentru a doua
etapa, in vederea detectirii contaminirii, in - fiecare experiment . trebuje incluse mai
multe controale adifionale.. Cu toate acestea riscul contamindrii poate depisi benefi-
ciile date de aceasti reactie. e Co : ‘

26.3.2.2.. Multiplex: PCR. In muitiplex PCR,. doud sau maj multe secvente
ADN finti sunt amplificate simultan, Multiplex PCR va fi ‘folosity probabil cel mai
frecvent in metodéle de diagnostic care utilizeazi un prim set de amorse pentru ‘ampli-
ficarea unui control intern, care verifick integritatea PCR, 1n timp ce al doilea. set
de amorse este directionat citre secvenia- ADN deé interes.  De exemplu, pentrn de-
tectarea prin PCR a prezentei genel mec A la un izolat de Staphylococeus aureus, Q
aplicatie recenti a multiplex PCR, primul set de amorse’are drept {inti o secventd
& genei care codifici ARNr 168, ubicuitard la izolatele de S. aureus, in timp ce
celdlalt set de amorse este specific pentrn gena mec A, "Un'irezultat pozitiv cu
amorsele de control asigurd corectitudines conditilor PCR §i confirmid integritatea
acidului nucleic pentru detectarea genei mec A. O reacfic PCR care contine proba
de la un pacient poate include gamd de amorse, (intite citre ADN ribosomal 168 de
la mai multe microorganisme. Amorsele ‘sint alese d@stfel incht fiecare produs de
atiplificare are o mérime unics, permitind’ detectarea §i identificarea unui anumit
microorganism in produs, chiar daci in amestecul de reactié suit prezente aniorse
© péntru ‘mai multe microorganisme. o ;

O variantd utild a multiplex PCR esie PCR competitiv care permite cantificarea
strictd a ADN sau 'ARN {int¥ din produsul inifial. Principala problems in obtinerea
datelor cantitative este’ variaia in rata de reactie. Aceasta este influengats de nu-
merosi factori, §i chiar dacd sunt controlafi precis, mai poate apdrea variatia de la

tub la tub. PCR competitiv compenseazd problema variatiei in rata PCR prin coam-
plificarea unui acid nucleic fint, cu concentraie cunoscutd, de citre acelagi set de
zmorse folosit pentru amplificarea fintei de interes. Tinta competitivi coamplificats
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1
este aleasd astfel fncit si poatd fi diferenfiatd de acidul nucleic tintd de interes
Rata relativi a celor doui tinte de acid nucleic trebuie conservatd fn timpul amplifi
cdrii. PCR competitiva a fost folositi cu succes pentru cuantificarea ADN si ARN all
virusului imunodeficienfei umane in’ prelevate clinice §i pentru aprecierea exactd
numéarului de Borrelia burgdorferi prezente in fesutul soarecilor infectafi. Pentru c:
tehnica si aibd succes, trebuie Iuai tn considetare mai mulfi parametri: S

* Setul de aihorse trebuie si ‘aibd aceeasi temperaturi de alipire. O diferenta
de numai 10°C poate duce la obfinerea unor cantitifi diferite de produgi de aniplifi-
care sau o amplificare nedetectabild a wnui produs sau a celuilalt, S

* Amorsele folosite trebuie astfel ¢oncepute incat produsii s# fie suficient de
diferiti in mirime pentru a putea fi identificafi, dar nu prea diferiti, astfel incat
amplificarea unei tinte si aibi avantaj fali de cealaltd. Muliiplex PCR cu linte a
cdror mirime variazi in limite largi favorizeazi amplificarea lintei mai scurte fafi de
cea mai lungd si rezultd cantitili diferite de produgi de amplificare. "

i

26.3.3, Amplificarea ARN prin PCR

‘Unele finte genomice virale ca: virusul hepatitei C, gripal §i picornavirus suit pre-
zente numai ca ARN §i nu formeazi ADN ptin reverstranscriplie tn cursul ciclnlui
replicativ. Capacitatéa de detectie aARN printr-o procedurd atit de sensibild ca
PCR poate fi utilizat3 si peniru identificarea altor organisme, ca bacterijle si fungii.
Acestea confin mii de c6pii de molecule ARNy care pot cregte sensibilitatea PCR, In
plus, detectarea specifici de ARN poate fi wtild §i la monitorizarea rapidd a eficienei
antibioticoterapiei (datoritd cineticii rapide a ARN) sau pentru studiul conditiilor
patogenetice care pot fi asociate cu expresia genelor specifice, ca legitura intre
neoplasmul genital §i expresia ‘oncogenelor virale E6 §i E7 ale papilomavirusurilor
umane. : : e o

Pand nu de mult, fintele ARN puteau . fi detectate prin PCR numai dupi ex-
tractia ARN §i convertirea sa la cADN cu ajutorul unei revesstranscriptaze retrovirale
§i utilizarea acestuia in PCR. Oricum, reactiile reverstranscriptazei sunt fastidioase
§i folosesc enzime care. nu rezists la temperaturi mai mari de 42°C, o temperaturd
ineficientd pentru hibridarea majoritatii amorselor. Aceasta, Impreund cu potentialul
ARN simpln catenar de a forma structuri secundare stabile, duce la eficienta varia-
bild fn limite largi a conversiei ARN in cADN. Astfel, relativa ineficientd a revers-
transcriptiei reprezintd un obstacol major pentru detectarea sensibila si specificd a
lintelor ARN. O reverstranscriptazé termostabili ar rezolva multe dintre problemele
asociate cu sinteza cADN; temperatura. de reactie crescuti mdregte hibridarea
amorselor, determiniind cregterea specificitifii si desface structurile secundare 1n
ARN tinti care ar putea iaterfera cu reactiile de reverstranscriptie. Descoperirea ci
ADN polimeraza 1a E.coli prezintd activitate reverstranscriptazicd limitt3 in prezenta
ionilor Mn2+ a dus Ia cdutarea unei ADN polimeraze termostabile, cu activitate

reverstranscriptazici, De pulin timp este comercializati o ADN polimerazi reconibi-
nantd care provine de la Thermus thermophilus (Tth pol) (PODZORSKI si PERSING,
1995). Aceastd polimerazi termostabild. are activitate reverstranscriptazici eficienti in
prezenta Mn?*, PCR cu reverstranscriplia ARN ptin Tth pol poate fi efectuati cu
un singur set de .conditii ale. reactiei. Intr-un singur tub de reacfic se amesteci:
cele doud seturi de amorse cligonucleotidice (unul folosit pentru sinteza ADN i
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ambele pentru PCR), mangan sub formi de MnCl, ¢i tofi ceilalfi reactivi necesari
pentru reverstranscriptie. Termociclorul esté preincilzit la 70°C i componentele
sunt incubate 15 minute. Dupi reverstranscriptie: amestecul de reacfie este Incilzit la
95°C timp de 1 minut pentru denaturarea complexelor ARN-ADN, apoi incepe PCR cu
‘doud cicluri la 95°C, 15 secutide si. 60°C, 20 secunde, urmate de 38 cicluri la 90°C,
15 secunde §i 60°C, 20 secunde. Sensibilitatea este sub 100 c6pii ale ARN f{inti. -

26.3.4. Alte tehnici de ampiificare a acizilor nucieici

- 26.3.4.1. 38R (Self sustained sequence replication). Prima tehnici non-PCR de
amplificare a acizilor nucleici a fost TAS (Transcription-based amplification ‘systert)
dezvoltatd in 1989 de ciitre KWOH et al. (1989). In TAS; amplificarea ARN se
bazeazi pe repetarea in doud cicluri a sintezei cADN' urmats de ' transcriptia’ in
copii multiple ale ARN. Un dezavantaj major al TAS a fost ¢ pentru denaturarea
intermediarului ARN-ADN format in fiecare ciclu de ‘reaclie, este necesari clldura.
Aceasta inactiveazd enzimele folosite In TAS si cere inlocuirea lor Ia finalul fiecarui
ciclu, In cursul dezvoltirii TAS, sta”descoperit ci adfugaren RN-azei'de la E.coli la
reacic determind degradarea ARN in interiorul intermediarutui ARN-ADN, cu dos-
fagurarea reacfiei in condifii izoterme (Guatelli et al., 1990), Aceastd reactie de
amplificare a acidului nucleic este cunoscutd ca 3SR pentru ci utilizeazd activitatea
cumulatd a 3 enzime (reverstranscriptaza virusului mielobiastozei aviare, RNA-aza
H, ADN polimeraza bactereiofagului T7 ARN dependents) in vederea amplificirii
izoterme a.fintei ARN. Etapa inifial¥.a-reacfiei implici formarea.cADN m.c. din
ARN {int4, prin utilizarea amorselor - oligonucleotidice, -care contin situsul de legare al
T7 polimerazei. RNA-aza H degradeazi catenele inifiale de  ARN fintd hibrizi
ARN-ADN. dup# ce au servit ca matrit pentru prima amorsi. A doua amorsi se
leagh de cADN nou format §i se extinde, cu objinerea cADN d.c. cu una sau
doudl catene capabile si serveascd la transcriptie pentru T7 ADN polimerazi.

Chiar dacd 3SR implicd mai multe enzime §i o serie complexi de reaclii, eta-
pele intermediare sunt invizibile pentru utilizator. Avantajele include cinetick rapidi a
reactiei, lipsa echipamentului special, §i numai controlul temperaturii intre 37°C-42°C.
- 3SR poate fi utild pentru amplificarea selectivd a fintelor ARN monocatenar. PCR
.7 -necesitd izolarea ARN purificat gi/sau pretratarea probelor cu DNA-azi fnainte de
-etapa reverstranscriptiel g amplificirii. La 3SR, deoarece conditijle de reactie sunt
-menfinute la temperaturi care nu denatureazi excesiv ADN, acesta este inaccesibil si
. etdpele de pretratament nu sunt necesare. Tehnica este foarte utild pentru amplifi-
...-carea ARN m.c., dar este mai complicatd cind este necesard amplificarea ADN m.c.,
+ dar esie mai complicat cAnd este’ necesard amplificarea ADN d.c. Pentru amplificarea
- ADN, sunt necesare ctapele de denaturare termic in fazele inifiale care genereazi
© intermediarii amplificirii, 3SR a fost folositd eficient pentiu ‘a detecta’ Chlamydia
" mranchomatis, papilomavirusurile umane si rezistenia HIV la azidotimidind. .

7 26.3.4.2. SDA (Strand displacement amplification) este cea mai noud-tehnici
2. pentru amplificarea acizilor nucleici (WALKER et al., 1992). A fost dezvoltatd de
© ‘Citre Becton-Dickinson ca procedeu de amplificare izotermé_ care utilizeazd amorse
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specifice, o ADN polimerazi gi o endonucleazi de restricfic pentru amplificarea

exponentiali a fintei. o T -
Reactia este complexd. Etapele individuale se’ deruleazi simultan §i nu necesitd
inifiatd. Cu excepfia denaturdrii iniiale la 95°C,

urmirire de indatd de reactia a fost _
SDA este izotermic3 si nu necesitd echipament de laborator special, ci doar tempe-
raturd controlabild la 37°C. In plus, procedetl poate fi aplicat pentru ADN mono sau
dublu catenar. SDA a fost folositd recent pentru amplificarea ADN Mpycobacterium
tuberculosis din izolatele clinice §i sputele tratate cu alcali (DEY et al, 1993).

26.3.4.3. QP replicaza se bazeazi pe incorporarea unei sonde oligonucleoti-
dice monocatenare intr-o moleculd de ARN.: care poate fi amplificatd exponential
dupd, hibridarea tintei cu enzima QB, replicazd, Metoda are avantaje importante:
@ Viteza este remarcabild hibridarea sondej, - amplificarea §i detectarea produ-
gilor de amplificac sunt complete in 2-3 ore:; .
_* Condifii de reaciie izoterme, la 37°C. , o
_® Sensibilitate si accesibilitate pentru, i -produsul de amplificare este fn canti-
tate suficientd i ugor de detectat prin. metode neradioactive. ‘
 Dezavantajul major este cd sondele receptor nelegate sau legate nespecific ser-
vesc ca ADN pentru amplificare cn obfinerea unor rezultate fals ‘pozitive. Trebuie
utilizatd o metodi eficientd penfru inlitutarea sondelor necuplate sau cuplate nespe-
cific, cum ar fi captura reversibild a fintei. Aplicaiile sunt: identificarea diferitelor
microorganisme patogene ca M tuberculosis, Plasmodium falciparum, HIV-1, virusul
citomegalic, C.trachoinatis si Neirs'eria‘gonorrhoeae. ' ' .

© 26.3.4.4. LCR (Ligase chain Feaction) a fost descris® de citre WU §i
WALLACE (1989) si este folositd' pentru detectarea M.tuberenlosis (IOVANNISCI, |
WINN-DEEN, '1991), ‘Borrelia burgdoiferi (HU et al., 1991) si N.gonorrhoeae. Labo-
ratoarele ABBOT au adaptat LCR pentru a fi: compaltibild cu analizoarcle automate.

i

264, PRELUCRAREA PRELEVATELOR PATOLOGICE -

26.4.1. Exigente

 La alegerea unei tehnici dé prelucrare a produsuiui ‘patologic se impun respec-
tate o serie de criterli gencrale si adifionale. '
Criterii generdlé. Procedura trebuie si: elibereze acizi nucleici din organismul
Hntdl, prevind degradarea acizilor rucleici liberi, inlitnife orice substante inhibitoare ale
amplificdrii ‘sau hibriddri, concenireze acizii nucleici ntr-un volunt mic, prezinte |

acidul "fzucie_i'c in tamponul de amplificare sau ]1{br'idtire. _ |
Criterii aditionale: o ' o ‘
Utilizarea probei peitru hibridare sau amplificare. Datoriti sensibilititii liinitate. a
tehnicilor de hibridare, comparativ cu cele de amplificare a acizilor nucleici, prelu-
crarea probelor pentru hibridare irebuie s aibi in vedere posibilitatea. concentririi
unei cantitdfi mai mari de produs. o o o |
Numdirul nicroorganismelor suspectate. In ‘amplificarea acizilor nucleici volumul |
final al reacfici este’intre 20-100 pl, astfel incat, factori ca mirimea probei si ugu-
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rinta de concentrare a. microorganismelor sunt variabile care trebuie luate m -€onsi-
derare cind este selectati o anumitd metodi de plelumaxe a probex .

Usurinfa de a liza microorganismul. fintd joaci un rol major in alegerea., celm
mai adecvat mod de prelucrare a. produsului. Fungi - si 1mcobactemle care au pe-
rete celular special, sunt mai dificil de lizht decat virusurile sau bacteriile. :Pe de
altd parte, microorganismele fird perete celular, ca micoplasmele se pot liza spontan,
fn plus, bacteriile gram-pozitive necesiti procedee de lizd mai riguroase decit cele
utilizate de rutind pentru liza bacteriilor gram negative,

Inhibitorii 'ADN polzmermelor Daci este folosﬂﬁ amph:ﬁcarea acizilor nucleidi,
trebuie considerats s prezenfa in probi a ADN’ polimerazelor. Procédura de pre-
parare a probei trebuie si prevadé etape pentru inlaturarea sau neutralizarea inhi-
bitorilor potentiali.

Caracteristicile acidului nucleic fintd. Deoarece ARN este mai sensibil la de-

gradare decit ADN, este unportant de sliut’ daci acidul nucleic ‘tintd este ADN

sau ARN, bicatenar sau monocatenar, sau daci acidul nucleic izblat trebuie s con-
lind doar ARN fari ADN contaminant. Tehnicile care necesitd [ﬁelbere Hza alcalmé sau
uscare, produc frecvent ADN monocatenar, Acesta poate servi ca {intd nespemﬁca
pentru amorse in cursul PCR sau al amphﬁcém izoterme.

Cantitatea de acid nucleic ,extern” prezent in probd se refera la cat de ‘multi
perturbare din exterior poate sé tolereze s:stemul fard ca sen51b111tatea §1 spcmﬁ-
c1tatea sﬁ-1 fie compromise. ‘

26.4.2. Principalele ‘pl_'elevate patoldgECE'

o Lichidul cefalorahidian conpne inhibitori necunoscup ai ADN polunerazelor
Au fost evaluate procedurile de eliberare a acizilor nucleici prin detergenti stan-
Jard sau lizd celulard la temperaturd inalts, urmate de izolarea acizilor nucleici cu
soncentrare. In situagii specifice hzatele brute de acizi nucleici zzolap au -fost folos:te
su succes. Lizatele brute sunt. mai bune pentru amplificare. decét. acizii nucleici
zolati. Volume mici (<10 ) de lichid cefalmahldlan pot fi folosite in PCR. fari
sxtractia ADN.

. » Sdngele. Serul sangvin con;me mhlb;ton cunoscuti a1 ADN pohmerazelor
‘HIGUCHI, 1989). Heparma inhibd, de asemenea, Tag polimeraza si reverstran-
seriptaza derivatd din virusul leucemiei murine. Au fost izolafi acizi nucleici, care
>ot fi, amplificati, din leucocite folosind detergen;n pentru. liza celulelor din sénge
ntegral, dupd care ADN liber se fixeazi la matricea silicatt, Pentru o izolare.,mai
iguroasi leucocitele pot fi. obtinute . din sangele mteﬂral utilizand procedeeje de
sentrifugare Ficoll-Hypaque. ADN poate fi apoi izolat dupi liza leucocitelor. cu de-
ergent suplimentaty prin dlgesue cu proteinazi. K. iy C

o Serul sau plasma sangvind este prelevatul de plechlecge compalauv e sangele sau
eucocitele integrale dacd mlcmorgamsmul tintd nu se afld in fracliunea celulary, Pentru
:xtractia acidului nucleic sunt folosite: In cazul virusurilor ADN distrugerea capsidei
:u detergenti, proteinaze sau ambele, iar in cazul celor ARN liza cu guanidin-izo-
iocianat urmatd de extracfia cu cloroform §i precipitarea cu izopropanol sau liza
u SDS pronazi urmati de extractia cu fenol-cloroform s§i precipitarea cu etanol.
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« Sputa. Interes deosebit prezintd depistarea M.tuberculosis. Polizaharidele acide .
din sputi sunt inhibitori cunoscufi ai ADN polimerazei. Dintre multiplele metode de
separare a ADN de inhibitori, cele mai bune rezultate a dat extracfia cu fenol-
cloroform vrmati de precipitarea cu etanol. (BRISSON-NOEL et al., 1991).

o Urina. Este stiut ¢i urina confine inhibitori necunoscufi ai ADN polimerazei.
Metodele de extractic sunt similare cu cele utilizate pentru lichidul cefalorahidian.

26.5. LABORATORUL DE DIAGNOSTIC PRIN TEHNICI DE BIOLOGIE
MOLECULARA ‘PROIECTARE $I CONTROL DE CALITATE

26.5.1. Principii generale

_ Prmcxpule generale au la bazii cele trei etape din cadrul tehnicilor de amphﬁ-
care, cirora le corespund tot atitea laboratoare: prepararea reactivilor, prepararea
probelor i desfdsurarea reactiei, analiza produgilor de amplificare. Separarea fizici
a celor trej arii este solufia ideald pentru prevenirea contamindrilor. Contaminarea in-
crucigati ntre laboratoare este redus prin imbinarea conceptulul unidirectional cu cel
al separirii fizice intre zonele de lucru. Fluxul unidirectional inseamn# c# fiecare
fazd a procesului se¢ desfigoard dintr-o zond fard produsi de amplificare ciitre zZone
in care produgii de amplificare sunt analizafi. Aceastd direcfionalitate micgoreazd
posibilitatea ca produgii de amplificare si fie adugi din zona de analizd in cea de
preparare a reactivilor sau a desfaguririi reactiei

Exigenie pentru toate zonele:

(1) Echipamentul de laborator cit destinatie’ preczsf’ pentru fiecare ;:oncv Toate
echipamentele, nu numai materialele direct implicate in testare, dar gi halatele sau
ustensilele pentru cuxﬁ;eme trebuie “si fie ale laboratorului si si nu fie folosite
pentru alt¢ scopuri. Un mod ugor de a realiza acest lucru este utilizarea unui cod pe
bazi de culori. Aceasta conferd ugurinid menfinerfi materialelor ntr-o anumitd zond §x
detecteazi imediat daci a apirut un viciu de ‘protocol.

" (2) Materialele dispozabile. Trebuie folosite ori de cdle ori este posibil, pentin
ci reduc posibilitatea contamindrii de la produgii testdrilor antericare. Minusi
dispozabile, schimbate "frecvent, trebuie purtate in fiecare secliune.

" (3) Sterilizarea prin UV. In laboratoaiéle de preparare a reactivilor si a produ-
selor, cat ¢i la desfigurarea’ reacpex trebuie folosite lampi cu UV,

(4) Fiecare laborator trebuie sd aibét flux de aer. 1deal este ca toate cele trei
secliuni s fie conectate la un flux de’aer de hol, via antecamerd. Laboratoarele
si holul sunt menfinute la o presiune ‘heutrd sau pozitivi, in ‘timp ce antecamera este
mentinuti la ‘o presiune negativd. Acest circuit'la fluxului de aer previne ca aero-
solii din laborator si scape in hol, iar cei din hol si intre in laborator. Fluxul de
aer din laboratorul de analizi a produgifor de amplificare este diferit. Aceastd zond
trebuie s fie la o presiune negativd '§i aerul din acest laborator t1ebu1e eiumnat
din cladire fard recirculare.

(5) Ldmpi cu UV montaté in tavan permit controlul nivelului de contaminare.
O scurtd expunere de 20-30 minute in afara orefor de program scade semnificativ
cantitatea de acizi nucleici amplificabili gisifi pe suprafetele de laborator gi mobile.

B
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lele acide

: 26.5.2. Recomandiri pentru fiecare sectiune
1etode de : ' o
):u fenoi- : (1) Sectiunea pentru preparareq reactivelor. Aici sunt prepérag_i to}i reactivii pe-
_1)- ) - cesari amplificirii §t detectiei, Amestecuri pentru fiecare tehnicy trebuie 53 contind cef
mnerazej, : i i

Taz | i ' activ cu criteriile de stabilitatea
rahidian, i | i3 1 I 1)y numarn} de ‘pipetdri gi etape de
ntaminanti §i gregelile datorate

ibil reactivij trebuie repartizati in

LOGIE ' -~ volume mici, ) tini : deschiderilor fiecirui recipient
7 Cu reactiv, . .

=

mplifi-
pararea
L fizics
rea in-
cu cel
fiecare
> Zone

oreazd pentru control,

.. . ! ! ’ I ) .
ea de Facilitiile descrise aici sunt valabile pentru laboratoare marj. care realizeazy in
special teste de amplificare a acizilor nueleici, Dacy spatiul este limitat, procedurile

pot fi -separate prin conceperea unor arii de ' lucru indjviduaje cu doui

fncdperi: una
Toate pealru prepararea reactivilor, prégitirea probelor si dcsfé§urarca reacfiei, iar alta
e sau - peniru amplificare i analiza produgilor. Fiecare zong irébuie sj aibd echipamenty]
losite propriu i si indeplineasci exigenfele fiechre; secliuni, ‘menfionate anterior, -
W pe ‘ ‘ : ' -
nd si
26.5.3. Controlul de calitate

:ntre - s ‘ Coo o o Co
nugi In afard de n_orn}ele. ge:}era}le cunoscute_ pealru laboratorul d(? ;nxcrobmlogme,

- anumite aspecte trebuje mon torizate cu precizie peniru buna funcfionare a unui la-
- - borator de diagnostic molecular, _ 3 ) :
o (1) Pipetele trebuie calibrate la fiecare 6 luni cel pufin; mportant, datoritid vo-
trej - lumelor mici cu care se opereazi in biol_ogia molecular?_t. o
. a blocurilor de fneilzire sl a
rele X S
este '

o ' ¢ posibil, ' materia
.&d-.e - zona unde urmeaza a fi folosite. Aceasta scade sansa contamj
na buirea nir-o zons fira produgi de amplificare,
aat Validarea procedurilor de amplificare a acizilop nucleici impune urmiicarele
norme; . .

o Utilizarea martorilor pozitiv §i negatiy pentru fiecare migrare electroforetics, Up

rezultat pozitiv la martory] negativ invalideazs mMigrarea s necesitd verificarea taturor
reactivilor, . ‘

buie livrate direct in
nérii Tnainte de distri-

re.

le.,
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o Utilizarea amplificirii multiple a wnui marror intern, daci se Suspecteazi cg
un produs confine inhibitori aj amplificirii,
o Utilizarea martorilor pentru verificarea comtamindirii de Ig probét la probd,
care trebuie folositi pentru fiecare produs, daci este posibil CL
® Utilizarea limitati a PCR cu incubare, deoarece reamplificarea unui produs
inifial. PCR aduce riscul unej contamindri importante. Este mai bine sd fie folosity o
4, astfel incit si nu fie necesara
ositd, atunci se impune utilizarea
detectarea contamindrii, :
® Analiza de ruting a reaclivilor care sunt folositi repetat, pentru a asigura -
absenfa contaminirii. T :
» Testarea tuturor reactivilor folositi in pregitirea probelor, pentru a demonstidg -
funcfionarea lor corecti, C ' ' '

266, VUTORUL TEHNICILOR DE BIOLOGIE MOLECULARA ix
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Tehnica: pentru amplificarea acizilor nucieici este complet validatd, dar aplicarea
ii este limitaty Ia laboratoarele mari de referin{d si la centrele medicale academice
sau private. Tnainte de aplicarea pe scari largd in toate laboratoarele de microbio-
logie, sunt de analizat cafiva factori. Cea maj importantd problems ar fi cea a re-
zultatelor fals pozitive, datorate contaminirii. Este esentiali asigurarea integritiii
rezultatului - odatd ce clinicianul a plerdut increderea ntr-o metods de labéqratof
este foarte dificil de a f recigtigat, ,

Un ait factor cheie este posibilitatea automatizirii acestor tehnici; in prezent
sunt foarte scumpe §i laborioase, iar aceasta limiteazz utilizarea lor numai in institute
mari.

Oricun, aceste limitdri vor dispare in timp, pe misurd ce tehnicile vor fi sim-
plificate §i implementate pe scard largd §i cdnd clinicienij vor realiza cid anumite
diagnostice nu’ pot fi puse [Ard asemenea procedee.

O altd problemd vitals

Doar prin autoinstructie aceste handicapuri pot fi depisite si va fi
netezitd trecerea de la. metodele convenfionale la tehnologii de viitor.

26.7. APLICATII' ALE METODELOR MOLECULARE iN
DIAGNOSTICUL DIRECT

Deja laboratoarele clinice beneficiazi de identificarea prin metode de biologie
molecuiars:
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.o Sonde de acizi nucleici, care au fost prezentate n tabelul 26-1,

® Metode, de amplificare genici pentru detectarea in prelevate clinice a mjco-
bacteriilor, meningocacilor, -gonococilor, Chlanydig Irachomatis, Borrelig burgdorferi,
Bordetelly pertussis, Treponema pellidum, Babesi microti, HIV1, virusul hepatitei C,
virusul citomegalic §.a. P e

Cercetiirile existente garanteazd completarea acestei liste cu stafiloeodi, streptcicoci
grup A, B, enterococi, Listerig monocytogenes, Shigella, E.coli enteroinvaziv, Vibrip
cholerae, Brucelly, principaléle specii de Haemophilus; Erysipelothyix rhusiopathiae,
Mycoplasina, Ureaplasma, Rickettsia, Leptospira (HAUSLER $i SAUSSMAN, 1998).
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Tema abordata in acest manuscris este de actualitate, de importantd marcantd in domeniul
medicinei preventive, intr-un context interdisciplinar de interpretare.

Este un manual adresat atat studentilor cat si celor interesati de noi informatii practice bazate
pe dovezi din domeniul igienei ambientale, un areal neglijat din pacate de sistemul sanitar
actual si cu amprente multidisciplinare.

Avem parte de un Cuprins generos, care aduce noutdti privind educatia pentru sdndtate in
colectivitati, igiena aerului, radiatiilor, apei, solului, dar si a alimentatiei, habitatului si
reziduurilor diverse. O completare novatoare este experienta si recomandarile de igiend in
contextul noii pandemii Covid-19. Practic toate zonele de interventie comunitard si
monitorizare continud sunt acoperite de acest manuscris, cu date teoretice, de clasificare,
dovezi de activitate, dar si sugestii sustinute legislativ din domeniul practic, de aplicativitate si
actiune, monitorizare, interpretare a situatiei mediului ambiant completate de masurile ce se

impun.

Mediul ambiant prin multiplele fatete ne influenteazd in mod direct si indirect, iar
responsabilitatea igienistului este de a evalua situatia, de a interpreta riscul, de a interveni
prompt si de a imbunatatii situatia in scopul reducerii factorilor de risc de expunere
populationala si cresterii morbiditatii si mortalitatii.

Am gasit in aceast manuscris o fereastra deschisa catre informatie si descriere, o punte intre
patologie, management de risc, evaluare si interventie in scop preventiv.

Recomand aceasta carte cu impact, cdutatd pe piatd ca sursd de informatie in domeniul
medical preventional, care acoperd cu generozitate aceastd temd atat din punct de vedere al
componentei preventorii cat si al celei de interventie, in contextul complex al aspecteleor
comportamentale, sociale si demografice, cu valente teoretice si practice deopotriva.

Este un adevarat ghid practic pentru oricare din specialistii din domeniu, acoperind toate
-aspectele multidisciplinare legate de aceasta afectiune, care i confera greutate.

este redactata pe 121 de pagini, ilustratd iconografic estetic si detaliat, sustinuta de
erinte bibliografice selectate, romanesti si striine.

sle majore, in care sunt prezentate cele mai importante date privind domenii
3 ambientald. Datele sunt prezentate intr-un mod clar, sistematizat, usor de
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