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Compounds with anti-influenza activity:
present and future of strategies for the optimal
treatment and management of influenza

Part ll: Future compounds against influenza virus

R. GASPARINI, D. AMICIZIA, P.L. LAI, N.L. BRAGAZZI, D. PANATTO
Department of Health Sciences of Genoa University, Genoa, Italy
Inter-University Centre for Research on Influenza and Other Transmitted Diseases (CIRI-IT)
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summary

In the first part of this overview, we described the life cycle of
the influenza virus and the pharmacological action of the cur-
rently available drugs. This second part provides an overview of
the molecular mechanisms and targets of still-experimental drugs
for the treatment and management of influenza.

Briefly, we can distinguish between compounds with anti-influ-
enza activity that target influenza virus proteins or genes, and
molecules that target host components that are essential for viral
replication and propagation. These latter compounds have been
developed quite recently. Among the first group, we will focus
especially on hemagglutinin, M2 channel and neuraminidase
inhibitors. The second group of compounds may pave the way for
personalized treatment and influenza management. Combination
therapies are also discussed.

In recent decades, few antiviral molecules against influenza virus
infections have been available; this has conditioned their use dur-

In the first part of this overview [1], we described the
life cycle of the influenza virus and the pharmacological
action of the currently available drugs. In this second
part, we will overview the molecular mechanisms and
the targets of still-experimental drugs for the treatment
and management of influenza. Figure 1 shows the attack
points of several potential antiviral drugs.

Antiviral drug research is a particularly active field and
new approaches have been developed. Briefly, we can
distinguish between compounds with anti-influenza
activity that directly target influenza virus proteins or
genes, and molecules that target host components that
are essential to viral replication and propagation. Among
the former group, we will focus especially on hemag-
glutinin (HA), Matrix protein 2 (M2) and neuramini-
dase (NA) inhibitors (HAIs, NAIs). The latter molecules
have been implemented quite recently and may pave the
way for personalized treatment and management of in-
fluenza. Moreover, it is expected that the inhibition of
host factors (such as single molecules) and/or complex
mechanisms (such as intracellular signaling cascades
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ing human and animal outbreaks. Indeed, during seasonal and pan-
demic outbreaks, antiviral drugs have usually been administered in
mono-therapy and, sometimes, in an uncontrolled manner to farm
animals. This has led to the emergence of viral strains displaying
resistance, especially to compounds of the amantadane family. For
this reason, it is particularly important to develop new antiviral
drugs against influenza viruses. Indeed, although vaccination is the
most powerful means of mitigating the effects of influenza epidem-
ics, antiviral drugs can be very useful, particularly in delaying the
spread of new pandemic viruses, thereby enabling manufacturers
to prepare large quantities of pandemic vaccine. In addition, anti-
viral drugs are particularly valuable in complicated cases of influ-
enza, especially in hospitalized patients.

To write this overview, we mined various databases, including
Embase, PubChem, DrugBank and Chemical Abstracts Service,
and patent repositories.

and pathways) may act against different influenza virus
strains and may be less prone to the emergence of drug
resistance than the inhibition of viral components [2, 3].
Therapies that combine two or more compounds belong-
ing to the same group or different groups are also dis-
cussed.

To write this overview, we mined various chemical da-
tabases, including Embase [4], PubChem [5, 6], Drug-
Bank [7] and Chemical Abstracts Service (CAS) [8],
as well as patent repositories and clinical trials regis-
tries [9]. We also scanned extant reviews and consulted
the gray literature (books, proceedings, conference ab-
stracts, posters and congress communications) in order
to increase coverage of the anti-influenza drugs included
in the present article. With regard to the search strategy,
we used a mining approach similar to that described in
Eyer and Hruska [10]. No time or language filters were
applied.

To the best of our knowledge, this article constitutes the
most comprehensive and up-to-date overview of anti-
influenza compounds in the literature. It can be used
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Virion release by M2 and NA.
This phase can be inhibited
by NAIs.

Viral budding by HA, NA, M1 and M2
proteins. This phase can be inhibited by
Amantadine, Rimantadine or derivatives,
or possibly by Omeprazole, Chloroquine

and TBHQ.

RNPs trafficking by MTOC
and REs.

Exit from the nucleus by NEP and
apoptosis. Drugs against apoptosis
could be used to interfere with this

phase of viral replication.

RNA replication by polymerases,
Ribavirin can interfere with this
replication phase, and possibly also
Clarithromycin, Nitric oxide and
T-305, among others, could be
useful.

Fig. 1. The attack points of several antiviral drugs are shown, with a particular focus on future potential compounds and strategies against
influenza virus. Abbreviations: HA: hemagglutinin; M: Matrix protein; M1: Matrix type 1 protein; M2: Matrix type 2 protein; MTOC: microtu-
bule-organizing center; NA: neuraminidase; NAls: neuraminidase inhibitors; NEP: nuclear export protein; REs: recycling endosomes; RNA:
ribonucleic acid; RNP: ribonucleoprotein; siRNA: short interfering RNA; TBHQ: Tert-butyl-hydroguinone.

Virion entry
by HA, this phase
could be inhibited by
Arbidol.

“ |
o |
Entry in cytosol by M2 and HA fusion
peptide, this phase can be inhibited
by Amantadine, Rimantadine or
derivatives, or possibly Omeprazole,
Chloroquine, TBHQ, and Human
Defensin 3, among others.

Trafficking in cytoplasm by a
diffusion mechanism, without
microtubules, intermediate
filaments and actin.

A

Entry in the nucleus
by importins and
polymerases.

Viral protein synthesis by
polymerases, this phase can
be inhibited by Ribavirin
or, possibily, by siRNAs and
oxibutanoic acid derivatives.

also as a working bibliography and a mapping review
for scholars doing research in the field.

Along with this paper, a database is currently being de-
signed and developed and will be accessible at the CIRI-
IT institutional website [11].

Entry and Attachment Inhibitors

Effective antiviral compounds that interfere with the at-
tachment and entry of the influenza virus into the host
cell include triterpenoids [12] such as glycyrrhizic acid
(GA) [13], glycyrrhizin (GR) [14], glycyrrhetinic ac-
id [15] and further derivatives extracted from licorice
and present in some Chinese medicaments. GR is the
most active of these molecules and can repress the rep-
lication of H3N?2 and H5N1, as well as of several virus-
es [16]. It can be delivered as an approved parenteral GR
preparation (Stronger Neo-Minophafen C, SNMC), and
glutamyl-tryptophan can be added in order to increase its
activity [17, 18]. GR is able to inhibit entry of the virus

into the host cell, and reduces the level of pro-inflamma-
tory molecules such as chemokine (C-X-C motif) ligand
type 10 (CXCL10), interleukin 6 (IL6), CC chemokine
ligand type 2 (CCL2), and CC chemokine ligand type 5
(CCLS5) [19, 20]. It also exerts an anti-apoptotic action.
In addition, GR hinders monocyte recruitment and has
anti-oxidant activities, inhibiting the formation of influ-
enza virus-induced reactive oxygen species (ROS) [21].
It extensively modulates gene expression, activating in-
terferon-gamma (IFN-gamma) and reducing the expres-
sion of Nuclear factor kappa B (NFkB), c-Jun N-termi-
nal kinase (JNK), and p38. Furthermore, GR reduces
high-mobility-group box type 1 (HMGBI1) [22]. Prom-
ising glycyrrhizin derivatives include spacer-linked
1-thioglucuronide analogues [23]. GA inhibits influenza
virus growth and replication in embryonated eggs [24].
Moreover, it can be used as an adjuvant in the prepara-
tion of anti-influenza vaccines [25].

Other triterpenoids [26], such as the saponins and
uralsaponins M-Y from the roots of Glycyrrhiza ura-
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lensis [27], exhibit anti-influenza and anti-HIV activi-
ties. Moreover, saponins can be used as vaccine adju-
vants [28-31] and modulate the expression of cytokines
and chemokines [32, 33]. Further triterpenoid deriva-
tives share broad antiviral actions [34-38].

Dextran sulphate (DS) is a negatively charged sulphat-
ed polysaccharide. Besides inhibiting virus entry and
attachment, it represses HA-dependent fusion activ-
ity [39-41] and NA-dependent activity [42]. However,
mutations conferring resistance to DS are described in
the literature [43]. Oxidized dextran can be administered
as a prevention [44-46].

Other sulphated molecules include the sulphated syalil
lipid NMSO03, which is effective against AV, Human
Metapneumovirus (HMPV) and picoRNAvirus. It is as-
sumed that it interferes with fusion, but the precise na-
ture of its mechanism is still unknown [47].

Another potential fusion inhibitor is BTA9881, which
has shown promising activity against RSV [48, 49].
Lysosomotropic agents, such as concanamycin A [50-53],
the macrolide antibiotic bafilomycin A1 [54, 55], saliphe-
nylhalamide [56], N,N’-Dicyclohexylcarbodiimide [52],
and chloroquine [57-64], inhibit vacuolar ATPase (V-
ATPase) and reduce endosome acidification and lyso-
some number. They act on the CME pathway, but are
unable to block clathrin caveolae-independent endocy-
tosis. It should be stressed that the anti-influenzal ac-
tivity of these compounds strongly depends on the pH
of the cellular environment and that some scholars have
reported conflicting findings about their in vivo effec-
tiveness [65].

Extract from milk thistle seeds, known as silymarin, a
complex mixture of flavonolignans, and its main com-
ponent silibinin are active against influenza [66]. Also
silybin and its derivative can block virus entry and
regulate autophagy, repressing the formation of oxida-
tive stress species and triggering activation of the ex-
tracellular signal-regulated kinase (ERK)/p38 mitogen-
activated protein kinase (MAPK) and IkB kinase (IKK)
cascades [67]. Other silybin derivatives include silybin
fatty acid conjugates, which have strong anti-oxidant
properties [68].

Compounds from Melaleuca alternifolia (tea tree) oil
(TTO) concentrate (MAC) [69, 70] have a broad anti-
microbial activity. In silico simulations have shown that
these compounds can interfere with virus entry and fu-
sion of the influenza virus [71, 72].

Other potential compounds include Amaryllidaceae
alkaloids from Lycoris radiate, such as lycorine, hip-
peastrine, hemanthamine and 11-hydroxy vittatine,
which can also inhibit the nuclear-to-cytoplasmic export
of the ribonucleoprotein (RNP) complex [73].
Curcumin is able to inhibit virus entry and HA [74]. It
also has antioxidant, anti-inflammatory, anticancer, an-
tiviral, antibacterial and antidiabetic properties, among
others [75]. Curcumin acts against a large array of
targets [76]. Curcumin is also active against other vi-
ruses [75, 77]. Rajput and collaborators showed that
animals on a diet enriched in curcumin displayed an im-
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proved immune response [78]. Surprisingly, curcumin
derivatives do not exhibit anti-influenza activity [79].
LADANIAO067, extracted from the leaves of the wild
blackcurrant (Ribes nigrum folium) [80, 81], has shown
antiviral activities both in vivo and in vitro, without hav-
ing any effect on influenza virus metabolism or growth/
proliferation.

Fattiviracin Al is a recently discovered antiviral [82].
Besides inhibiting both IAV and IBV, it is active against
HIV, HSV and VZV [83].

Lignans exert a good anti-influenza activity [84, 85] Ger-
macrone is a molecule purified from Rhizoma curcuma.
It can be effectively combined with oseltamivir [86].
Akt inhibitors are also effective entry inhibitors. These
include peptide “Akt in”, which may be TCLI1- or
TCL1b-based, MK2206 [87, 88] and Ma-xing-shi-gan-
tang (MXSGT), a traditional Chinese herbal decoc-
tion [89]. Everolimus, an inhibitor of the PI3K-Akt-
mTOR pathway, is also a valuable tool against influ-
enza [90].

Among anti-attachment drugs, Fludase (DAS181)
has potential anti-influenza virus properties [91-103].
This medication, which has proved capable of inhibit-
ing human and avian influenza viruses in pre-clinical
studies, acts by mimicking NA and destroying the
molecules of sialic acid receptors on the host cell sur-
face. It is also effective against NA-resistant influenza
strains [92, 93, 103].

HA Inhibitors

An effective class of HAISs is that of the amide deriva-
tives [104-107].

Gossypol is a natural phenolic aldehyde extracted from
the cotton plant and blocks the dehydrogenase family
enzymes [108, 109]. Its antiviral properties emerged
during a 1970 study, in which an experimental model
of influenza pneumonia was used [108]. In particu-
lar, chiral (+)-gossypol is more active than (—)-gossy-
pol [110, 111].

Another antiviral against HA is Entry Block-peptide
(EB-peptide), a peptide derived from fibroblast growth
factor 4 (FGF4) [112]. EB-peptide can inhibit virus entry
and attachment, being effective even when administered
post-infection. Besides repressing influenza viruses, EB-
peptide is also active against other viruses [113]. It can
also be used as an adjuvant in the formalin-inactivated
influenza whole-virus vaccine, triggering phagocytosis
of influenza virions. Other peptides similar to EB-pep-
tide are the FluPep (FP) peptides, such as FP1 (Tkip)
and FP2-FP9 [114]. Tkip was designed as a mimetic of
the suppressor of the cytokine signaling (SOCS) protein,
which is involved in mediating the immune response to
influenza. Furthermore, peptide NDFRSKT has strong
antiviral properties, but with unknown therapeutic char-
acteristics [115, 116].

Other molecules which bind to HA are collectins
(CLs) [117]. Human CLs and bovine conglutinin, CL-
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43 and CL-46 confer protection against influenza infec-
tion [118-122].

A related group of molecules is the ficolins (such as
H-ficolin and L-ficolin), present at high concentra-
tions in serum and in bronchoalveolar secretions [123].
They bind not only to HA but also to NA in vitro mod-
els [124]. These proteins can be engineered in such a
way as to become more active against influenza virus;
for example, Chang and collaborators designed recom-
binant chimeric lectins consisting of mannose-binding
lectin (MBL) and L-ficolin [125]. However, because of
their role in the inflammatory response, their potential
use in humans requires more complete analysis. Re-
cently, agglutinins such as NICTABA, UDA [126] and
protectins like protectin D1 [127-130] have been found
to have anti-influenza propriety [131].

An interesting compound, which binds to specific
high-mannose oligosaccharides of HA is Cyanovirin-N
(CVN) [132]. In 2003, O’Keefe et al. demonstrated its
potent in vitro antiviral activity against a wide range of
[IAVs and IBVs, including NA-resistant strains, though
resistance induced by mutations that affect the glycosila-
tion site of HA seems to arise quite naturally [133].
Clarithromycin (CAM), able to inhibit influenza virus
replication in vitro and in cell cultures, appears to have
3 mechanisms of action against type A seasonal Influ-
enza virus. It was recently showed that CAM reduces
the expression of human influenza virus receptors on the
mucosal surface of the airways, reduces the production
of nuclear factor-kB (NF-kB), and increases pH inside
the endosomes [134, 135].

Norakin (Triperiden) is an anticholinergic drug that
interacts with HA [136, 137]. This interaction may be
indirect, being mediated by an increase in the inter-
nal pH in the pre-lysosomal compartment [138-140].
However, strains resistant to Norakin have been de-
scribed [141-144]. Also Norakin derivatives seem to be
effective antiviral compounds [145].

Another interesting compound is nitazoxanide [146-151],
useful for the treatment of protozoal and bacterial infec-
tions and is active against hepatitis and influenza viruses
or rotaviruses. Further thiazolides act at the post-trans-
lational level by selectively blocking the maturation of
viral HA at a stage preceding that of resistance to en-
doglycosidase H digestion, thus interfering with HA in-
tracellular trafficking and insertion into the host plasma
membrane, which is a key step in the correct assembly
and exit of the virus from the host cell.

Bacillus intermedius ribonuclease (BINASE) shows a
good anti-influenza activity. BINASE and HA interact
with sialic acid on the cell surface and penetrate into
the host cell. Subsequently, viral RNA is released and
cleaved by BINASE [152, 153].

High mannose-binding lectins (HMBL) are powerful in-
fluenza and HIV inhibitors [154].

Rutin, quercetin, and related compounds, extracted from
elderberry fruit (Sambucus nigra L.) [155-161] are other
HA inhibitors. Xylopine and rosmaricin have an amine
group that interacts with HA [162, 163].

Theaflavins (TFs) from black tea have a strong anti-in-
fluenza activity, inhibiting HA and reducing the level of
IL6, thus exerting an anti-inflammatory and anti-apop-
totic action [164-166].

M2 Inhibitors

M2 inhibitors can be basically divided into 2 groups.
The first includes compounds derived from the leads of
amantadine and rimantadine and its hydroxylated deriv-
atives [167-172]. The second includes non-adamantane
derivatives, which are promising drugs against influenza
viruses [173]. Some of these compounds have been spe-
cifically designed for some important mutants of the M2
ion channel of IAV [174-177].

Regarding molecules putatively capable of blocking the
ion pump, Gasparini and coworkers recently conducted
a field investigation into the effect of omeprazole family
compounds (OFC) [178] on Influenza-like Illness (ILIs).
The results showed that subjects treated with omeprazole
family compounds displayed a lower risk of catching ILI
(OR,4; = 0.29, 95% CI. 0.15-0.52) than non-treated sub-
jects. Molecular docking and molecular dynamics (MD)
simulations, which are a common method of searching
for new potential drugs, seem to confirm these find-
ings [179]. The M2 Protein — Protein Data Bank (PDB)
code 3C9J [180] — was simulated as being embedded in
a dipalmitoylphosphatidylcholine (DPPC) membrane in
complex, with its ligands amantadine and rimantadine
being used as positive controls and omeprazole as a pu-
tative ligand. The thermodynamic integration method
was used in order to estimate binding free energies of
the ligands. Free-energy calculations imply omeprazole
as a potent anti-viral drug. Also another study has sug-
gested the antiviral properties of omeprazole against Eb-
olavirus [181].

Polyamines such as spermine [182, 183], spermidine and
putrescine have recently been identified as intrinsic rec-
tifiers of potassium channels. Indeed, the M2 protein has
a binding site for polyamines, which is different from
the amantadine binding site [184]. Polyamines have
quite recently been exploited in designing anti-influenza
vaccines [185, 186].

Spiropiperidine M2 inhibitor and its derivatives appear
promising in acting against amantadine-resistant virus-
es; in particular, spiropiperidine-9 seems to be the most
active [187].

Among natural products, pinanamine derivatives [188]
and 24-E-ferulate [188] have a good influenza activity.

Endosomal and lysosomal inhibitors

Substituted salicylanilides appear promising antivi-
ral agents [190-193]. In particular, Niclosamide [192],
which is approved for human use against helminthic in-
fections, besides being active against influenza viruses,
has also shown anti-neoplastic and broad antiviral ef-
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fects, being active against SARS-related coronavirus
and Human Rhinovirus (HRV).

Lysosomotropic agents [50-64] have also been already
discussed. Further compounds include molecules ob-
tained from TTO [69-72], which have already been men-
tioned.

Protease inhibitors

The cleavage of HA can be blocked not only by anti-
M2 protein compounds, but also by inhibition of the
necessary proteases [194]. Given the great importance
of the proteases in the viral replication cycle, many au-
thors [195, 196] have directed their research towards an-
ti-protease medications that could block, or at least miti-
gate, the consequences of HA cleavage. HA can also be
blocked by natural products such as Hepatocyte growth
factor activator inhibitor 2 (HAI-2) [197]. Several an-
ti-protease drugs have been studied in in vitro models,
animals and humans, such as Camostat mesilate [198],
epsilon-aminocapronic acid [199], leupeptin [200] and
Aprotinin [201], which has been approved for topical
use in a small-particle aerosol formulation in Russia. A
theoretical advantage of antiviral activity against enzy-
matic activities of the host is that these molecules would
not lead to the selection of resistant viral variants.
Other molecules can interfere with the mechanism of
fusion of the endosomal and viral membranes [202]. In-
deed, numerous small molecules that block virus infec-
tivity by inhibiting the conformational changes required
for HA-mediated membrane fusion have been identified.
Russell et al. [194] have demonstrated that TBHQ (Tert-
butyl-hydroquinone) stabilizes the neutral pH structure
and, in this way, presumably, inhibits the conformation-
al rearrangements required for membrane fusion. Fur-
thermore, Leikina et al. [203] have demonstrated that
human B-defensin 3, a lectin, can inhibit HA-mediated
influenza viral fusion.

Regarding the compounds targeted against the transcrip-
tion and replication of VRNA, one of the first drugs
developed is Ribavirin (RIB). RIB, also known by the
trade name “Virazole”, is a nucleoside analog [204]. Its
mechanism of action is not completely known. Howev-
er, Inosine 5’-monoposphate dehydrogenase (IMPDH)
appears to be the principal target of the molecule. This
inhibition diminishes the intracellular concentration of
GTP (Guanosine-5’-triphosphate), and this is thought to
stop viral protein synthesis and limit VRNA replication.
Crotty et al. also demonstrated that RIB is a lethal vR-
NA mutagen [205]. However, the need for high doses of
the drug in order to have obtain good clinical results has
limited the use of RIB as an anti-influenza drug, and a
recent revision of the literature by Chan-Tack et al. sug-
gests that there are no conclusive results on the benefi-
cial use of Virazole for the treatment of influenza [206].
RIB can also be delivered as a liposome encapsulated
with muramyl tripeptide (MTP-PE) [207].

oy 1)-antitrypsin (AAT) [208] is a serine protease inhibi-
tor of elastase and proteinase-3 (PR-3). This protein is
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produced by the liver and its expression increases par-
ticularly during the acute-phase response. It also has
immunomodulatory, anti-inflammatory and tissue-pro-
tective properties, reducing influenza-related complica-
tions and morbidities. As an immunomodulator, AAT
mediates the maturation and differentiation of dendritic
cells (DCs) and T regulatory cells (T,s), activating the
IL1 receptor antagonist (ILIRA) and inducing IL10 re-
lease. Moreover, it exerts an anti-apoptotic effect, inhib-
iting caspases-1 and -3. The role of AAT in inhibiting
influenza viruses is consistent with the clinical obser-
vations that subjects with AAT deficiency are exposed
to the risk of severe influenza-related complications and
should therefore be vaccinated [209, 210].

Stachyflin, acetylstachyflin and its phosphate esther or
oxo derivatives [211, 212] exert their inhibitory activity
on a variety of HA subtypes of IAV (H1, H2, H5 and
H6, among others) but have no activity on H3 subtype
IAV or on IBV [213-217]. The metabolites of stachyflin
and its derivatives include compounds such as cis-fused
decalin [214]. Stachyflin compounds can be delivered
intranasally or orally, using PEG 400 as vehicle [211].
However, some amino acid substitutions confer resist-
ance to stachyflin [212].

BMY-27709, a salicylamide derivative, and its ana-
logues are other useful compounds [218, 219].
Thiobenzamide derivatives have a good activity profile.
In particular, the axial disposition of the thioamide moiety
has proved to be crucial to inhibitory activity [220].
Ulinastatin [221] is a protease inhibitor, which also pro-
tects lysosome integrity. Its use has been suggested for the
treatment of avian influenza [221] and severe influenza-
related complications, such as encephalopathy [222] and
acute respiratory distress syndrome (ARDS) [223, 224].
Indeed, a recently published meta-analysis has shown
that this drug is effective in managing acute lung injury
(ALI) and ARDS [225].

The ubiquitin-specific peptidase type 18 (USP18)
protease inhibitor ISG15 is another promising mole-
cule [226]. ISG15 is part of the interferon-regulated cel-
lular cascade. USP18 was found to be one of seven genes
which predict a response to influenza virus [227]. This
finding was reproduced by Liu and collaborators [228].

Polymerase inhibitors

Other antiviral strategies have been directed against the
viral RNA polymerase [229, 230]. The trimeric poly-
merase complex has multiple enzymatic activities and
can thus be targeted at different sites of action. For in-
stance, nucleoside/nucleotide compounds have been de-
veloped against other viruses, namely HIV, HBV, etc.
A historical compound is moroxydine [231-233]. It is
also active against HSV and VZV.

The most thoroughly studied of these molecules is Favi-
piravir (T-705). In vitro studies have demonstrated the
high antiviral potency of the drug and mouse studies
have demonstrated its protective efficacy against a wide
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range of influenza viruses A and B. This molecule also
seems to be effective against other viruses [234-238].
More recently, other compounds directed towards anti-
nucleasic activities have been studied, such as the series
of hydroxypyridinone, which appears to have antiviral
activity in cells [230].

On studying 33 different kinds of phytochemicals, other
scholars have identified a family of drugs called march-
antines, which appear to interact with the PA subunit of
the endonuclease [239].

An attractive strategy for developing anti-polymerase
compounds appears to be that of interfering with the sub-
unit binding interfaces of PB1 and PA, which are very
well conserved in different Influenza virus strains [240].
Thus, these compounds would reduce the transcriptional
activity of the viral RNA polymerase. One such promis-
ing compound is AL18, which is also active against hu-
man cytomegalovirus [241].

Furthermore, the recent definition of the PB1/PB2 bind-
ing interface by means of crystallography [242] has
prompted researchers to study synthetic peptides, such
as peptide 1-37 and peptide 731-757, which seem to in-
hibit the interaction between PB1 and PB2 [243-247].
Azaindole VX-787, an inhibitor of PB2 [248-251], is
able to interfere with the cap-snatching activity of the
polymerase complex of the influenza virus. The small
GTPase Racl inhibitor NSC23766 exhibits a similar ac-
tivity profile [252].

Nuclear pathway inhibitors

Leptomycin B (LMB) inhibits nuclear export signal
(NES)-mediated vRNP export, as well as NES-receptor
CRMl/exportin-1 (XPO-1); however, it is somewhat
toxic [253].

Verdinexor (KPT-335) [254] is a new-generation XPO-
1 antagonist that is well tolerated in animal models and
seems to be effective against both AV and IBV. It is a
selective inhibitor of nuclear export (SINE).

NP inhibitors

Given the fundamental importance of the NP in modu-
lating the replication cycle of the virus, many authors
have investigated strategies for preventing its produc-
tion. Moreover, molecules that prevent the functional
polymerization of the NP monomers have also been
studied, such as, for example, Nucleozin (NCZ) [255].
It also blocks viral RNA and protein synthesis and tar-
gets VRNP nuclear export and its cytoplasmatic traffick-
ing. As a final result, fewer and smaller influenza viral
particles are released. NCZ derivatives include a quite
effective compound, namely 3061 (FA-2), which has
been shown to inhibit the replication of the influenza A/
WSN/33 (HINT1) virus, though NP-mutant strains have
displayed resistance to this drug [256].

Jiang and collaborators screened a peptide library and
discovered that the NP-binding proline-rich peptide was
particularly effective against influenza viruses [257].
Another interesting molecule is the interferon-inducible
Mx1 protein [258, 259].

Cycloheximide (CHX), which is also active against en-
terovirus-71 (EV-71), coxsackievirus B, and actinomy-
cin D, are quite effective chemicals [260-262].
Intriguingly, clinically licensed anti-cyclooxygenase-2
(COX-2) Naproxen also appears to inhibit the functional
polymerization of NP monomers. Its derivatives, such as
naproxen A and C0, also appear quite promising [263].
Another drug directed against the NP is Ingavirin, which
has been licensed in Russia. Indeed, Ingavirin interacts
with the transport of newly synthesized NPs from the
cytoplasm to the nucleus [264-272]. It is also active
against parainfluenza virus, adenoviruses and human
metapneumovirus [273].

NA inhibitors

NAIs include peramivir and lanimamivir deriva-
tives [274-289].

Baicalin induces autophagy and acts against both
NA [290] and NS1 [291-293].

Isoscutellarein is another compound that inhibits influ-
enza virus sialidase. Its derivative is also active against
influenza [294, 295].

NS1 inhibitors

Another potential strategy against influenza is to block
the NS1 protein, a non-structural protein that is very
important during the viral replication cycle. Indeed, the
NS1 protein down-regulates the cellular production of
IFN o/f. Furthermore, it has been demonstrated that
NS1 also modulates other crucial aspects of influenza vi-
rus replication, namely viral RNA replication, viral pro-
tein synthesis, and general host-cell physiology [1, 296].
Finally, NS1 probably has an anti-apoptotic function in
the early phases of replication. The meaning of apopto-
sis during influenza A virus replication is ambiguous,
although it is usually considered to be a cellular antiviral
defense that limits virus replication. Therefore, influen-
za viruses have acquired different ways of procrastinat-
ing this seeming host strategy [1]. Nonetheless, cellular
pro-apoptotic factors favor the effective replication of
influenza viruses, and some viral proteins, such as NA
and PB1-F2, carry out pro-apoptotic tasks [1, 297]. Fur-
thermore, some compounds that act against the NS1 pro-
tein have been studied. In this perspective, peptide-me-
diated inhibition of NS1 — CPSF30 has been proposed
as a strategy for mitigating viral replication [298, 299].
Unfortunately, this virus-specific approach leads to viral
mutation and the occurrence of drug resistance.

More recently, Jablonski ef al. studied a class of mol-
ecules derived from the NSC125044 compound, which
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displayed NS1 protein inhibition in viral replication as-
says [300].

Regulated in development and DNA damage respons-
es-1 (REDDI1) is a molecule that has recently emerged
from comprehensive biochemical screening. Moreover,
REDDI inhibits the mTOR pathway [301].

Other RNA synthesis inhibitors

Cordycepins extracted from Cordyceps, a genus of as-
comycete fungi, are used for diverse medicinal purposes
because of their different pharmacological actions with
hypothetical anti-viral activity [302].

Caspase inhibitors

Apoptosis plays a major role in the influenza virus life
cycle [303-307]. Indeed, in order to replicate, the virus
activates the mechanism of apoptosis through the ac-
tivation of caspase 3. Cellular inhibitors of apoptosis
proteins (cIAPs) are essential regulators of cell death
and immunity. Nucleotide-binding oligomerization do-
main-like receptor type 1 (NLRXT1) [308] binds to viral
protein PB1-F2, preventing IAV-induced macrophage
apoptosis and promoting both macrophage survival and
type I IFN signaling. Interestingly, compounds that in-
hibit this enzymatic activity could be useful as anti-in-
fluenza antivirals. Indeed, Wurzer et al. have shown that
apoptotic activation by caspase 3 is required for efficient
virus production [306]. Furman and collaborators have
demonstrated that the apoptotic index is a predictive bio-
marker of influenza vaccine responsiveness [309]. How-
ever, the question of whether apoptosis is beneficial to
the viral reproductive cycle or to host cells is still under
debate. Moreover, Hinshaw et al. [307] demonstrated
that, on inhibiting apoptosis during viral infection, influ-
enza virus RNP complexes were retained in the nucleus.
Therefore, the use of caspase 3 inhibitors could have
good potential as anti-influenza drugs [310].

Autophagy

Autophagy (or autophagocytosis) is a catabolic mecha-
nism that involves cellular breakdown of dysfunctional
cell components through the involvement of lysosomes.
Procyanidin has an anti-IAV activity [311].

Glucosidase, mannosidase and
glycosilation inhibitors

L-fructose and L-xylulose can inhibit influenza virus
replication [312]. Glucosidase I and glucosidase II in-
hibitors include iminosugars, which alter glycan pro-
cessing of influenza HA and NA [313].
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Pathway inhibitors

Raf/MEK/ERK pathway inhibitors include compounds,
which act as an inhibitor of MEK1 and MEK2 [3].
NFKB inhibitors include Bortezomib [3], among others.
These proteasome inhibitors are also effective against
paramyxoviruses, HRYV, poliovirus, coxsackievirus,
HSV and HIV.

Phospholipase inhibitors

Lipid metabolism plays a fundamental role during in-
fluenza virus replication: membranes and their compo-
nents, such as sphingolipids, are crucial to all steps of
the viral life cycle, from attachment and membrane fu-
sion, to intracellular transport, replication, protein sort-
ing and budding. Infection by influenza virus stimulates
phospholipase D (PLD) activity [314].

Release inhibitors

HDACS is an anti-IAV host factor that negatively regu-
lates the trafficking of viral components to the host cell
plasma membrane via its substrate, acetylated microtu-
bules [315].

As an anti-influenza chemical, cyclosporin A does not
act through its classical targets, namely cyclophilin
A (CypA), cyclophilin B (CypB) and P-glycoprotein
(Pgp) [316], but by inhibiting influenza virus release.
Ching-fang-pai-tu-san (CFPTS) has a similar ac-
tion [317].

Anti-oxidants, anti-inflammatory
compounds and immunomodulators

Oxidation plays a major role in influenza virus life cy-
cle and replication [318]. With regard to anti-influenza
drugs that act subsequently to the various stages of vi-
ral replication, after the formation of vVRNPs, it is worth
considering that Resveratrol may be useful as an anti-
influenza drug. Indeed, this compound could interfere
with the translocation of RNPs from the nucleus to the
cytoplasm [319-321]. Dehydroascorbic acid also has an-
tiviral properties [322, 323].

Calcitriol prior to/or post-HIN1 exposure does not affect
viral clearance but significantly reduces autophagy and
restores the increased apoptosis seen on HIN1 infection
to its constitutive level. However, it significantly reduces
the levels of HIN1-induced TNF-¢ (tumor necrosis fac-
tor-alpha), RANTES, IL8, IFN-B (interferon-beta) and
IFN-stimulated gene-15 (ISG15). 1,25[OH]2 D3 treat-
ment prior to/or post-HINT infection significantly down-
regulates both IL-8 and IL-6 RNA levels [324, 325].
Publications on antiviral drugs are often devoted to the
use of statins as anti-flu drugs [326-328]. In particular,
Fedson has suggested treating patients affected by HSN1
with statins [326, 327]. Studies in vitro, in animals and
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in the field seem to support this strategy. Statins are
held to act through various mechanisms: through im-
munomodulatory and anti-inflammatory activity, by
interfering with the proteins of the cytoskeleton and
the interaction between these and the lipid rafts, and
by reducing the availability of intracellular cholester-
ol. The balanced content of cholesterol in the cell is
critical to the replication of IAV. Indeed, a reduction
in cholesterol could impair the infectivity of progeny
influenza viruses, probably by reducing the cholester-
ol content of the viral envelope [328]. However, some
studies have found statins to be ineffective against in-
fluenza viruses [329, 330].

Extracts from Epimedium koreanum Nakai have immu-
nomodulatory properties [331], also against HSV, VSV
and Newcastle Disease Virus (NDV). Carrageenan [332]
extracted from edible red seaweeds can be administered
as anasal spray [333]. In particular, iota-carrageenan ap-
pears to be the most effective against influenza.
Cycloferon [334-336], amixin, Larifan, Kagocel and
Ragosin stimulate B cells and macrophages to produce
IFN-alpha [337]. They are widely used in Russia.
Apocynin, a NADPH oxidase type 2 (NOX2) inhibi-
tor, stimulates cell superoxide production. However, in
certain conditions, it can also act as a ROS production
stimulator in non-phagocyte cells [338]. By contrast,
NADPH oxidase type 1 (NOX1) has anti-inflammatory
activity and inhibits ROS production [339, 340].
Rolipram, a selective phosphodiesterase-4 (PDE-4) in-
hibitor with antidepressant properties, and sertraline, a
selective serotonin reuptake inhibitor (SSRI), exhibit
strong antiviral activities if combined with oseltami-
vir [341]. The rationale for using PDE-4 is that it be-
longs to a family of enzymes that metabolize cyclic
adenosin monophosphate (cAMP) and cyclic guanosine
monophosphate (cGMP), which are commonly found
during inflammatory and immune responses. By reduc-
ing bronchospasm and bronchoconstriction, it reduces
mortality and morbidity in a mouse model. SSRI down-
regulates the expression of interferon-alpha, TNF-alpha,
IL-6, IL-10 and T helper 1 (Thl) cells, and modulates
immune responses from the Thl toward the Th2 phe-
notype.

Sphingosine mimetics are able to finely modulate the re-
lease of cytokines and chemokines. In one study [342],
neutralizing antibody and cytotoxic T cell responses
were seen to be reduced, though still protective. As a
result, the infiltration of PML and macrophages into the
lung was markedly reduced, and thus also pulmonary
tissue injury. DC maturation was suppressed, which lim-
ited the proliferation of specific antiviral T cells in the
lung and draining lymph nodes. Furthermore, they were
effective in controlling CD8(+) T cell accumulation in
the lungs even when given 4 days after the onset of in-
fluenza virus infection.

Leucomycin A3 (LMA3), a macrolide antibiotic, inhib-
its neutrophil myeloperoxidase (MPO), which contrib-
utes to the pathogenesis and progression of severe influ-
enza-induced pneumonia, and mediates the production
of hypochlorous acid, a potent tissue injury factor [343].

BG-777, derived from leukotriene B4, exerts both antivi-
ral and stimulatory activities on the host defence system.
It is also active against HIV, RSV and Coronaviruses. It
recruits leukocytes and fosters the release of chemokines
such as MIP1-beta and defensins [344].

QS-21 is a molecule with immunomodulatory proper-
ties, and is currently being investigated as an adju-
vant for vaccines against influenza [345]. Thymalfasin
(Zadaxin), which is derived from thymosin alpha-1, is
another powerful adjuvant [346-348]. Canakinumab (II-
aris), an IL1-beta blocking antibody, is also a promising
compound in immunotherapy [349].

Some observations should be made on influenza therapy
with non-steroidal anti-inflammatory drugs. Seasonal
flu is normally treated with over-the-counter (OTC)
drugs, which are designed to relieve symptoms. The
most common are paracetamol, acetylsalicylic acid
(which, however, is contraindicated in individuals un-
der 18 years of age) and ibuprofen or other NSAIDs.
Coughing is usually mitigated by means of drugs that
use dextromethorphan or acetylcistein as their active in-
gredient [350-357].

The inflammation driven by innate immunity is usu-
ally sufficient to cure the disease. However, especially
when the virus is particularly virulent or during pandem-
ics, immunity may be dysregulated (cytokine-storm),
which may give rise to very severe forms of influenza.
The treatment of both seasonal and pandemic influenza
therefore utilises appropriate and timely anti-inflamma-
tory therapy. Some of the above-mentioned drugs, such
as statins and naproxen, have anti-inflammatory proper-
ties; however, they are probably also able to exert a real
antiviral activity.

In the light of the human cases of infection by the HSN1
strain and the lethal cases caused by the HIN1pdm vi-
rus, the need for modulators of innate immunity is of
particular importance. Indeed, patients with severe or
fatal human infections due to the HINIpdm virus, for
instance, have high pro-inflammatory responses early in
the illness.

For the above-mentioned reasons, the literature often re-
ports in vitro and animals studies which demonstrate the
therapeutic utility of anti-inflammatory and immune-
modulatory compounds, such as fibrates, against influ-
enza.

Gene therapies

Gene therapy consists of modulating (up-regulating or
down-regulating) genes and/or their products involved
in the response to influenza [358].

microRNAs (miRNAs) are small non-coding RNA mol-
ecules (containing about 22 nucleotides) which function
in RNA silencing or RNA interference (RNAi) and in
the post-transcriptional regulation of gene expression.
Host miRNAs are able to down-regulate the expression
of viral genes. Therefore, miRNA modulation could be
a promising approach in influenza treatment, despite
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the difficulties of delivering miRNAs to cells efficient-
ly [359-363].

Small interfering RNAs (siRNAs) are also mediators of
RNAI. They are short (19-26 nucleotides) and induce
sequence-specific degradation of homologous mR-
NA [364-366].

Long non-coding RNAs (IncRNAs) modulate various
biological processes [367]. One IncRNA, in particular,
plays a major role; it acts as a negative regulator of anti-
viral response (NRAV) and is down-regulated during in-
fluenza infection. NRAV negatively regulates the tran-
scription of multiple critical interferon-stimulated genes
(ISGs), by remodeling chromatin [368].

Compounds with unknown mechanisms

In the case of some compounds, the precise nature of
their pharmacological activity against influenza is still
unknown and requires further research.

Nanoparticles are a promising nanobiotechnological
tool that can act as carriers of non-conjugated nanopar-
ticles. Silver nanoparticles [369, 370] modulate SP-A
and SP-D [371], and can be used to deliver RNA1i [372].
Poly(gamma-glutamic) acid [373], fullerenes [374], chi-
tosan or N-trimethyl chitosan (TMC) [375] and poly-
meric nanoparticles have also been investigated as vac-
cine adjuvants [376, 377]. However, single-walled car-
bon nanotubes (SWCNTSs) seem to increase influenza
virus pathogenicity and infectivity [378].

Combination therapies

Combination therapies (CTs) can be divided into as-
sociations of two or more drugs directly targeting viral
components, and associations of a direct-acting viral
compound and a molecule targeting host components.
CTs may improve clinical outcomes, reduce the risk of
respiratory complications, mortality and morbidity, re-
duce the risks of using single drugs (such as resistance,
dose-related toxicity or other side-effects) and may po-
tentiate and enhance antiviral activity [379, 380]. CTs
can, in turn, be further divided into early combination
chemotherapy (ECC) and sequential multidrug chemo-
therapy (SMC). Furthermore, many studies have evalu-
ated the efficacy of combining anti-inflammatory drugs
with antiviral drugs in comparison with single-drug
treatment. However, not all combination therapies, for
instance the combination of oseltamivir with zanamivir
or simvastatin with oseltamivir, are superior to mono-
therapy [102, 379, 380].

CTs can also exploit various chimeric monoclonal anti-
bodies [381].

Conclusions

In the last few decades, few antiviral molecules against
influenza virus infections have been available. This
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has conditioned their use during human and animal
outbreaks. Indeed, during seasonal and pandemic out-
breaks, antiviral drugs have usually been administered
in mono-therapy and, sometimes, in an uncontrolled
manner to farm animals. This has led to the emergence
of viral strains displaying resistance, especially to com-
pounds of the amantadane family. For this reason, it is
particularly important to develop new antiviral drugs
against influenza viruses. Indeed, although vaccination
is the most powerful means of mitigating the effects of
influenza epidemics, antiviral drugs can be very useful,
particularly in delaying the spread of new pandemic vi-
ruses, thereby enabling manufacturers to prepare large
quantities of pandemic vaccine. In addition, antiviral
drugs are particularly valuable in complicated cases of
influenza, especially in hospitalized patients. This lat-
ter are individuals at risk, such as the elderly or patients
with chronic respiratory diseases. For these subjects, it
would be particularly important to have more antivirals
to be administered in appropriate manner.

In the light of the extensive experience gained through
the use of anti-influenza drugs, and in the light of the
considerable advances in the search for new effective
molecules against influenza viruses, many important
considerations can be made.

Firstly, the study of new compounds should be conduct-
ed in a more rational way. Indeed, the models and meth-
ods used by various scholars display marked differenc-
es. These studies often involve in vitro cell cultures and
usually use Madin—Darby canine kidney (MDCK) cells
and African green monkey kidney Vero cells. However,
human tracheal epithelial cell cultures are sometimes
used. While some authors have assessed the inhibition
of viral growth by applying the haemagglutination test
to the supernatant of the cell monolayer, others have
used the inhibition of the virus-induced Cytopathic Ef-
fect (CPE). Furthermore, more sophisticated tests have
been used — for instance, qPCR with the aim of amplify-
ing sequences of viral genes, such as the M2 gene, NP
gene, etc., or RT-PCR with the aim of quantifying IAV
RNA after in vitro antiviral treatment of cell cultures
exposed to different influenza virus strains. In addition,
the murine model is the most widely used to study influ-
enza compounds, as influenza causes fatal pneumonia in
the mouse. Obviously, the human is the best, but results
in humans are available only if clinical trials have been
performed or if the drug has been licensed. However, as
it is very costly to develop a new compound for com-
mercialization, preliminary evaluations in vitro and in
animal models are very important. In some cases, it is
also useful to carry out epidemiological studies on drugs
used for other purposes, in order to investigate their pos-
sible therapeutic efficacy against influenza.

To optimise the development of influenza antivirals, it
is very important to define standardized methods for the
evaluation of the molecules that have been hypothesized
to have a potential antiviral effect. In in vitro studies,
for instance, it is important to define the cell line that
should be used (MDCK, or VERO, or THE cell line), the
standard virus that should be tested (PR8 and/or High
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pathogenic virus, such as HSN1) and the antiviral assay
that should be performed (Haemagglutination, CPE in-
hibition, RT-PCR). Likewise, in in vivo tests, the choice
of which animal to utilize should be established, while
in human studies it is important to determine the number
and age of the subjects to be studied. Only if standard-
ized methods are defined, will it be possible to correctly
evaluate the antiviral potential of the compound under
examination. In this perspective, it is also important to
compare the antiviral activity of the hypothetical antivi-
ral with that of reference drugs (amantadine, oseltami-
vir, etc) in order to ascertain the influenza antiviral index
of the new molecule. In in vitro studies, it is also advis-
able to evaluate the capacity of the antiviral under study
to induce viral resistance.

In the field of medicinal chemistry, the discovery and
development of a completely New Molecular Entity
(NME) or compound is particularly expensive in terms
of time and costs. Research could therefore be carried
out along two different lines: designing/optimising new
derivatives from an existing lead (such as the second-
generation NAI laninamivir and peramivir); and repur-
posing/repositioning existing drugs for new potential
clinical applications [382, 383]. The latter approach,
also termed drug retasking or reprofiling, has already
yielded promising results. While drug retargeting was
initially serendipitous, it was later more systematically
developed and exploited, not least by combining ad-
vanced biochemical, biophysical and bioinformatics/
cheminformatics techniques. Viroinformatics [384] and
computational systems biology [385] can suggest ration-
al inhibitors of viral transcription, replication, protein
synthesis, nuclear export and assembly/release. Other
strategies may emerge from gene data mining. In this
regard, Bao and collaborators used a prioritizing gene
approach in order to find the most important genes in-
volved in host resistance to influenza virus [386]. They
found that the response was controlled by two TNF-me-
diated pathways: apoptosis and TNF receptor-2 signal-
ing pathways. In addition, systems pharmacometrics and
systems pharmacology [387] could identify valuable
CTs by studying drug synergy.

Secondly, the available anti-influenza drugs should be
used in an appropriate manner, in order to impede or to
mitigate the phenomenon of viral resistance. In this re-
gard, the first question is: what anti-inflammatory drug
should be chosen? The answer should take into account
the age of the patient, the toxicity and tolerability of the
drug and its efficacy in alleviating the patient’s symp-
toms. Obviously, therapy should be initiated as soon as
possible, and an NSAID (aspirin only for subjects over
18 years, ibuprofen, naproxen or paracetamol [acetami-
nophen]) should be chosen. These compounds not only
relieve the symptoms, but also equilibrate the patient’s
innate immunity and sometimes have a direct or indirect
antiviral effect. For instance, it is interesting that reduc-
ing pro-inflammatory cytokines diminishes the activity
of proteases involved in HA cleavage. In addition, the
administration of acetylcysteine is useful not only be-

cause of its mucolytic action, but also on account of its
antioxidant activity.

The choice of the antiviral should take into account the
broad resistance of influenza viruses to amantadane
drugs and also the fact that mono-therapy can easily
lead to the emergence of novel viral resistance. In this
perspective, topic drugs, such as zanamivir, have proved
to generate less resistant viral strains than drugs admin-
istered orally. In addition, other antivirals, such as anti-
protease drugs, could be useful in influenza therapy.
These compounds could have advantages in that, being
inhibitors of cellular proteins, they should be less prone
to selecting resistant viral strains. However, it should be
borne in mind that disturbing the cellular environment in
order to disrupt viral functions could have adverse side
effects. Furthermore, it has been proposed that therapeu-
tic protocols involving a combination of two or more
antivirals should be drawn up in order to reduce the de-
velopment of drug-resistant viral strains and, at the same
time, administer lower drug doses. Another hypothesis
could be to administer two or more different antivirals
alternately.

Finally, the use of antivirals in the veterinary field (for
example, chicken flocks) should be carefully controlled,
and in this case the combined or alternated administra-
tion of at least two antiviral drugs should be the rule. It
is important to realise that this implies a one world, one
health, one medicine, one science approach [382, 383],
in which human and veterinary medicine cooperate in
the interest of global health in an increasingly intercon-
nected world.
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Summary

Herpes zoster (HZ) is a viral disease characterized by a dermato-
logic and neurologic involvement caused by the reactivation of the
latent varicella zoster virus (VZV) acquired during primary infec-
tion (varicella). HZ incidence increases with age and is related to
waning specific cell-mediated immunity (CMI). The most frequent
complication of HZ is post-herpetic neuralgia (PHN) charac-
terized by chronic pain lasting at least 30 days, with impact on
patients’ quality of life. Available treatments are quite unsatisfac-
tory in reducing pain and length of the disease. The evaluation of
the epidemiology, the debilitating complications (PHN), the sub-
optimal available treatments and the costs related to the diagno-
sis and clinical/therapeutic management of HZ patients have been

Introduction

Herpes zoster (HZ) is an acute infectious disease sus-
tained by the reactivation of varicella zoster virus
(VZV); this latter is an ubiquitous pathogen that, after
primary infection (varicella), becomes latent in sensory
ganglia [1].

VZV is an alpha-herpes virus characterized by a fast
replication cycle, a rapid inter-cellular spreading and the
ability to establish latency, mainly in dorsal root gan-
glia [2, 3]. The virus contains a double-stranded DNA
genome, has an icosaedric capsid (with 162 capsomers),
a tegument and an envelope [4]. Envelope glycoproteins
allow the virus to adhere to human cells, mainly in the
respiratory tract; then the virus, before becoming latent,
infects peripheral blood mononuclear cells (PBMC) and
epidermal cells, causing the typical rash [5, 6].

VZV reservoir is exclusively human; the virus is air-
transmitted and is quite labile outside host cells [7]. It
could be also transmitted by skin lesions of subjects af-
fected by varicella or zoster. In about a quarter of in-
fected individuals, mainly in adulthood, latent VZV re-
activates causing HZ. About 10-30% of people infected
by VZV will develop an episode of HZ during their life-
time; HZ incidence is particularly high in elderly and
in immunocompromised subjects [8]. Reactivation is
strictly related to a decrease in the cell-mediated immu-
nity (CMI); this latter is inversely related to age. During
reactivation, the virus replicates, causes neuronal dam-

the rationale for the search of an adequate preventive measure
against this disease. The target of this intervention is to reduce
the frequency and severity of HZ and related complications by
stimulating CMI. Prevention has recently become possible with
the live attenuated vaccine Oka/Merck, with an antigen content at
least 10-fold higher than the antigen content of pediatric varicella
vaccines. Clinical studies show a good level of efficacy and effec-
tiveness, particularly against the burden of illness and PHN in all
age classes. Accordingly to the summary of the characteristics of
the product the zoster vaccine is indicated for the prevention of
HZ and PHN in individuals 50 years of age or older and is effec-
tive and safe in subjects with a positive history of HZ.

age and inflammation, and a vesicular rash with derma-
tomal distribution. The rash typically involves the der-
matomal distribution of one single sensory nerve and,
in immunocompetent subjects, lasts for 2-3 weeks with
moderate to severe pain. A rate of HZ cases are associ-
ated with pain lasting some weeks to months, and even
years. This medical case is called post-herpetic neural-
gia (PHN), and is usually defined as a pain lasting more
than 90 days after the healing of the skin rash. PHN has
a high impact on patients’ quality of life [9, 10].

Immunological aspects

VZV primary infection elicits innate immune response,
characterized by IFN-a, IFN-y and IL-6 release, as well
as humoral and cell-mediated immunity [11]. CMI plays
an important role in limiting viral replication and avoid-
ing severe disease [12]; humoral immune response is
probably less relevant, as suggested by un-complicated
varicella cases in agammaglobulinemic patients [13, 14].
However, VZV primary infection elicits a long lasting
antibody-mediated and cell-mediated immune response.
There is an ample consensus on the crucial role played
by CMI in preventing VZV reactivation. Immunosenes-
cence or immunosuppression that imply a decrease of
VZV-specific CMI are strictly related to the occurrence
of HZ cases [15]. An international debate is ongoing
on the role of exogenous and endogenous boosting of
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VZV-specific CMI; it has been suggested that exposure
to varicella, causing an increase of specific CMI, could
decrease the risk of VZV reactivation [16, 17]. This
hypothesis is supported by studies demonstrating a de-
creased risk of HZ in subjects with household or occupa-
tional exposition to varicella [18]. Other authors believe
that endogenous booster plays a role in preventing HZ
incidence, as an increase of HZ cases has not been dem-
onstrated in subjects surely not exposed to exogenous
boosting [19]. Anyway, a HZ case elicits an increase of
specific CMI, and this is probably the reason why re-
lapse of HZ is quite rare [20].

Clinical aspects

The clinical course of HZ consists of 4 phases: prodro-
mic, acute, sub-acute and chronic [21]. The prodromic
phase usually (70-80% of cases) starts 1-5 days before
the onset of rash [22]; its symptoms are aspecific and
include pruritus, burning sensations, fever, malaise and
headache [23]. The acute phase is characterized by der-
matomal skin rash with vesicles; the duration of the rash
is related to the age of the subject (it increases with ag-
ing) and to the dermatomes involved. Vesicles evolve
in crusts in few days and then lesions heal. VZV can be
transmitted during the vesicular phase; contagiousness
halts during the crusting phase [24]. Acute pain during
rash is related to the neurotropism of the virus [25]. Pain
in the acute phase is described as pulsating, shooting,
burning or piercing; it can be continuous or intermittent,
as well as it can be associated with pruritus, tingling and/
or numbness. Many patients show allodynia, with pain
due to a stimulus which does not normally provoke pain
(e.g. contact of dresses on the skin) [26]; this latter may
have an impact on quality of life and may be prognostic
of incoming PHN [27]. Sub-acute phase usually comes
before chronic disease (30-90 days after rash) [27].
Chronic phase is characterized by PHN, with a pain
lasting up to months and even years [26]. Most patients
classify this pain as moderate-severe, with a pain score
>4 on a scale ranging between 0 and 10; they are usually
treated with analgesics [28]. HZ can be severe, particu-
larly in immunocompromised subjects; disseminated
HZ, HZ ophtalmicus, encephalitis, facial palsy, Bell’s
palsy and Ramsay Hunt syndrome are the most common
complications of HZ [29]. HZ ophtalmicus implies an
involvement of the first branch of the trigeminal nerve;
it occurs in the 1-10% of all HZ cases [30] and it may be
related (at least in 1/3 of cases) to the Hutchison’s sign
(nasociliary skin lesion). This latter is prognostic of ocu-
lar inflammation and corneal sensory denervation [31].
A delayed contralateral hemiparesis following HZ oph-
talmicus is quite rare, but it is related to a high risk of
neurological sequelae and to a case fatality ratio equal to
20-25% [32, 33]. Recently, two researches, performed in
UK, have demonstrated a higher risk of stroke, transient
ischemic attack and myocardial infarction in subjects
youngers than 40 years and affected by HZ; this risk is
higher in subjects with HZ ophtalmicus [34-36].
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Early diagnosis and timely therapy are essential in order
to reduce frequency and severity of complications and to
improve the outcome of infection. However, the thera-
peutic approach to HZ and its complications (PHN in
particular) is quite difficult. Therapy should start as soon
as possible (within max 72 hours from disease onset), in
order to avoid a loss of efficacy [37]. Most of the thera-
peutic options are related to undesirable effects and al-
low to achieve only sub-optimal results. Therefore, PHN
is difficult to prevent and to treat [38-41].

Epidemiology

Industrialized countries report a quite similar age-related
incidence; 20-35% of subjects living in these countries
has a HZ case during its lifetime [29]. Complications oc-
cur in 13-40% of cases [42]; 8-27% of subjects with HZ
suffer of PHN [43]. HZ incidence increases with age,
being four-fold higher in subjects > 70 years of age than
in < 60 year-old subjects [44].

In the USA 0.5-1 million HZ cases are estimated each
year, accounting for an incidence equal to 2-3/1,000/year
in the general population [45]. Incidence is low in sub-
jects younger than 40 years of age (0.9-1.9/1,000/year);
itincreases to 2.5, 3.8, 6.1, 8.5 and 9.4 per 1,000 per year
in subjects belonging to the age classes 40-49, 50-59,
60-69, 70-79 and > 80 years, respectively [46, 47]. The
estimates in Europe suggest that 1.7 + 0.1 million of new
cases occur every year; incidence rates increase with ag-
ing also in this geographical area (2/1,000 and 10/1,000
in < 40 and > 80 year-old subjects, respectively) [48].
The female/male ratio is equal to 1.4, and incidence in
females seems to increase with aging [49]; this pattern
of incidence could be related to the greater attitude of
females to look for medical advice [50].

In Italy, 157,000 new cases (annual incidence: 6.3/1,000
person-years) are estimated to occur each year; most cas-
es (76.2%) are reported by > 50 year-old subjects [51].
Twenty point six (20.6%) and 9.2% of HZ cases have
PHN at 3 and 6 months, respectively [52]. In the period
1999-2005, 35,328 hospitalizations due to HZ have been
reported (mean: 4,503/year); 62% of these hospitaliza-
tions involved subjects older than 65 years [53].

HZ and PHN have a negative impact on quality of life
and on social life of affected people, reducing physical
ability, implying malaise, fatigue, anorexia, weight loss,
insomnia [54]. Besides, symptoms (skin lesions and
pain) together with functional and social impairment re-
lated to HZ could have, particularly in case of chronic
disease, an impact on patients’ psychology [55, 56].

NEW PREVENTIVE OPTION: ZOSTER VACCINE

The burden in terms of morbidity and of short- and long-
term complications, the sub-optimal therapeutic options
and the high costs related to HZ has allowed the search
of a new preventive approach by vaccination. Since
many years it has been demonstrated that live attenuated
VZV vaccines can boost VZV-specific CMI. In particu-
lar, live attenuated varicella vaccines, with a high anti-
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gen content, elicit a significant increase of VZV-specific
CMI in immunocompetent elderly subjects [57-61].
The zoster vaccine, developed by Merck and nowadays
commercially available, has an antigen content higher
than at least 19,400 PFU (Plaque-Forming Units), i.e. at
least 10 times higher than the antigen content in pediat-
ric varicella vaccine [62]. During the last years several
studies on efficacy, effectiveness and safety of this vac-
cine have been performed.

Noteworthy, a phase III study is ongoing to evaluate
the efficacy, safety and immunogenicity of GSK Bio-
logicals’ candidate Herpes Zoster vaccine in adults aged
> 50 years (NCT01165177 and NCT01165229).

ZOSTER VACCINE: EVALUATION OF EFFICACY

The efficacy of the new zoster vaccine has been evalu-
ated in two phase III clinical trials involving more than
38,000 subjects > 60 years of age (SPS: shingles preven-
tion study) and 22,000 subjects 50-59 years of age (ZEST:
Zoster efficacy and safety trial), respectively [63, 64].
The SPS has allowed to collect data useful to obtain
vaccine licensure in USA and in Europe. The SPS has
been a multicenter, double-blinded, placebo controlled,
randomized clinical trial, performed in the USA, enroll-
ing immunocompetent subjects > 60 years of age with
a positive anamnesis of varicella or residing for at least
30 years in a VZV-endemic area. The exclusion criteria
were positive anamnesis of zoster, allergy to any vacci-
nal component, immunosuppression or any other condi-
tion that could interfere with the evaluation of results.
Randomized subjects received one dose (0.5 ml) of the
zoster vaccine (n = 19,270) or of placebo (n = 19,276).
The mean age of both groups was equal to 69 years
(46% and 6.5% of subjects were > 70 and > 80 year old,
respectively). The follow up period lasted a mean of 3.1
years (range 1 day-4.9 years).

The primary end point of the study was the evaluation of
safety and efficacy of the vaccine. In particular, vaccine
efficacy was evaluated as the reduction of the burden
of illness (BOI). This end point includes incidence, se-
verity and duration of acute and chronic pain related to
HZ during a follow-up period of at least 6 months. The
secondary end point of the study was vaccine efficacy
against the incidence of PHN (pain with a > 3 score on
a scale ranging from 0 to 10 and lasting at least 90 days
after the onset of rash). Pain and discomfort have been
evaluated and measured by a questionnaire filled in by
patients after the onset of HZ (Brief Pain Zoster Inven-
tory). A score > 3 has been considered clinically signifi-
cant, as it is related to a relevant decrease of normal dai-
ly activities [65, 66]. Another secondary end point was
the efficacy against the incidence of HZ. More than 95%
of enrolled subjects have completed the study; a total of
957 HZ cases occurred, 315 among immunized subjects
and 642 in subjects receiving placebo. Concerning the
primary end point, the efficacy against BOI was equal to
61.1% (95%CI: 51.1-69.1).

During the study, 107 cases of PHN have been regis-
tered, 27 in immunized subjects and 80 in the placebo
group. The efficacy against PHN has been equal to

66.5% (95%CI: 47.5-79.2); the efficacy against PHN
stratified by age has been 65.7% (95%CI: 20.4-86.7) and
66.8% (95%CI: 43.3-81.3) in the age groups 60-69 and
> 70 years, respectively. The level of efficacy against
PHN increased accordingly to the definition of the dura-
tion of the chronic pain (58.9% and 72.9% for PHN de-
fined as pain persisting 30 days and 182 days after rash
onset, respectively).

The study has also demonstrated an efficacy against HZ
equal to 51.3% (95%CI: 44.2- 57.6); the level of effica-
cy decreased in older subjects (63.9% and 18% in 60-69
and > 80 year-old subjects).

The level of efficacy against HZ decreased in older
subjects, while the efficacy against PHN and BOI was
not related to the age group considered. HZ occurring
in immunized subjects lasted for a shorter time than
cases registered in the placebo group (21 vs. 24 days;
p = 0.03) [63]. Another efficacy study, called ZEST
(Zoster Efficacy and Safety Trial), was performed in
North America and in Europe in the period October
2007-January 2010. It was a double-blinded, placebo
controlled, randomized clinical trial that involved sub-
jects 50-59 year-old subjects with a positive anamnesis
of varicella or living for at least 30 years in a VZV-en-
demic area [64]. Exclusion criteria were quite similar to
the ones adopted in the SPS trial; a total of 22,439 were
enrolled to receive a dose of zoster vaccine (n=11,211)
or placebo (n = 11,228). The mean follow-up period was
1.3 years (range 0 days-2 years).

The end point of the trial was to assesses vaccine efficacy,
safety and tolerability in immunized group compared to
the placebo one. Efficacy against HZ was 69.8% (95%Cl:
54.1-80.6); 30 and 99 HZ cases were registered in the im-
munized and in the placebo group, respectively (p < 0.001).
The efficacy of zoster vaccine in the ZEST study in
the age group 50-59 years resulted similar to the one
observed in the SPS trial in the age group 60-69 years
(63.9%), and higher than in subjects > 70 years of age
(37.6%). The results obtained in the ZEST study were
in line with those obtained during the SPS trial [63, 64];
the higher efficacy against HZ observed in the ZEST
study is probably related to a better immune response of
younger subjects [64].

The duration of efficacy has been evaluated as well in 2
persistence substudies: short-term persistence substudy
(STPS) and long-term persistence substudy (LTPS).
The STPS started in October 2005; in this open-label
study zoster vaccine was offered to subjects previously
enrolled in the SPS placebo group. The follow-up in
this substudy involved zoster vaccine recipients in the
SPS as well. A total of 14,270 subjects were enrolled
in the STPS substudy: 7,320 subjects were zoster vac-
cine recipients and 6,950 were placebo recipients in the
SPS trial. These latter were offered one dose of zoster
vaccine; the mean age was equal to 73.3 years and the
follow-up lasted for a mean of 1.2 years (range 1 day-2.2
years). Efficacy in the STPS has been evaluated against
the 3 end points already used in the SPS trial: BOI, PHN
and HZ incidence. In the STPS the efficacy has been
assessed on data basically collected 4-7 years after the
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immunization performed in the SPS; 84 and 95 HZ cases
occurred in the group of immunized subjects and in the
placebo group, respectively.

The estimated efficacy in the STPS has been the fol-
lowing: 50.1% against BOI (95%CI: 14.1-71); 60.1%
against PHN (95%CI: -9.8-86.7); 39.6% against HZ
(95%CI: 18.2%-55.5).

Taking into account the combined results of SPS and
STPS, vaccine zoster showed an efficacy equal to 58.6%
(95%CI: 48.6-66.6), 64.9% (95%CI: 47.4-77.0) and
48.7% (95%Cl: 42.0-54.7) against BOI, PHN and HZ,
respectively. STPS vaccine efficacy for each end point
was lower than in the SPS; anyway, a persistence of vac-
cine efficacy was demonstrated through year 5 after im-
munization [67].

The long-term persistence substudy (LTPS) evaluated
6,867 subjects that had been immunized during the SPS
and the STPS [67, 68]; for this reason a control group was
not available. The mean age at enrollment was equal to
74.5 years; the mean follow-up was 3.9 years (range 1
week-4.75 years). In the LTPS efficacy has been evaluated
7-10 years after immunization. The HZ incidence during
the LTPS was 10.3/1,000 person-years and the efficacy
was: 37% against BOI (95%Cl: 27-46), 35% against PHN
(95%CI: 9-56) and 21% against HZ (95%CI: 11-30).

ZOSTER VACCINE: EVALUATION OF EFFECTIVENESS

Clinical trials (SPS, ZEST, STPS, LTPS) have demonstrat-
ed the efficacy and the safety of the new zoster vaccine. It is
important to demonstrate that similar results are obtained in
the “real life”; for this reason post-marketing effectiveness
studies are relevant and have been performed.

In the period January 2007-December 2009, Tseng et al.
have enrolled 2 groups of subjects included in the Kai-
ser Permanente Southern California health plan; the first
one accounted for 75,761 subjects who received zoster
vaccine, the second one accounted for 227,283 unimmu-
nized subjects. The mean duration of the follow up was
equal to 1.56 and 1.72 years for vaccinated and unvac-
cinated cohorts, respectively; during this period, 5,434
HZ cases occurred with an incidence equal to 13/1,000
person-years (95%CI: 12.6-13.3) and 6.4/1,000 person-
years (95%CI: 5.9-6.8) in unimmunized and immunized
subjects, respectively.

HZ incidence in unimmunized subjects resulted higher in
older subjects (= 80 vs. 60-64 year old subjects, Hazard
ratio (HR) 1.45, 95%CI: 1.3-1.63), lower in males (HR
0.75, 95%CI: 0.7-0.79), and in black people (HR 0.69,
95%CI: 0.62-0.76). HZ incidence was higher, even if not
statistically significant, in unvaccinated subjects affected
by lung (HR 1.34, 95%CI: 0.95-1.13), kidney (HR1.04,
95%CI: 0.95-1.13) and cardiac (HR 1.06, 95%CI: 0.97-
1.16) diseases. Immunization was positively related to a
decrease of the risk of HZ (HR 0.45, 95%CI: 0.42-0.48),
HZ ophtalmicus (HR 0.37, 95%CI: 0.23-0.61), hospi-
talizations due to HZ (HR 0.35, 95%CI: 0.24-0.51). As
a whole, immunization allowed to achieve a 55% reduc-
tion of the HZ incidence; this result is consistent with
the one obtained during the SPS (51%). However, in this
effectiveness study the positive impact of immunization

ZOSTER VACCINE

did not change considering different age classes, sup-
porting the recommendation to provide HZ vaccine even
to oldest subjects [69].

Zhang et al. have evaluated the effectiveness of zoster
vaccine in patients affected by immune-mediated diseas-
es. The study, performed in the period January 2006-De-
cember 2009, involved 463,541 insured by Medicare
and affected by rheumatoid arthritis (292,169), psoriatic
arthritis (11,030), psoriasis (89,565), ankylosing spon-
dylitis (4,026), inflammatory bowel disease (66,751).
The inclusion criteria included: age > 60 years, diagno-
sis of at least one of the previously mentioned diseases,
inclusion in the Medicare since at least 6 months. Zos-
ter vaccine was provided to 18,683 subjects (72.3% fe-
males, 86.3 white); the mean age of enrolled people was
74 years.

Eleven HZ cases occurred in vaccinated subjects,
with an incidence rate of 7.8 cases/1,000 person-years
(95%CI: 3.7-16.5). No varicella or HZ cases were reg-
istered in patients in treatment with biologics or with
anti-TNF during the 42 days following immunization.
After controlling for demographic data, type of immune-
mediated disease, the accesses to health care, the use of
biologic or nonbiologic disease-modifying antireumath-
ic drugs (DMARDs) or oral glucocorticoids, the hazard
ratio (HR) of HZ related to immunization resulted equal
to 0.61 (95%CI: 0.52-0.71) and the vaccine effective-
ness equal to 39%. This study has demonstrated that zos-
ter vaccine is not related to an increased risk of varicella
or HZ in patients under biologic treatment [70].

More recently, Langan et al. have studied a cohort of
766,330 subjects older than 65 years, enrolled in the pe-
riod January 2006-December 2009, and involved in the
Medicare programs A (covers inpatients care), B (covers
physician services and facility costs) since at least 12
months and registered since at least 6 months in program
D (drug benefit). As a whole, 29,758 subjects received
zoster vaccine; 4,469 were immunosuppressed at the
time of zoster immunization.

As a whole, 154 HZ cases occurred in 28,291 person-
years of follow up in vaccinated subjects compared to
12,958 HZ cases in 1,291,829 person-years of follow
up in unvaccinated subjects; the HZ incidence rate was
equal to 5.4/1,000 person-year (95%CI: 4.6-6.4) and to
10/1,000 person-year (95%CI: 9.8-10.2) in vaccinated
and unimmunized subjects, respectively.

Vaccine effectiveness against HZ in vaccinated subjects
has been equal to 0.48 (95%CI: 0.39-0.56)

In immunocompromised subjects the vaccine effective-
ness has been equal to 0.37 (95%CI: 0.06-0.58) (24 HZ
cases in 1,981 immunosuppressed patients). The occur-
rence of PHN (30 days after HZ onset) has been equal
to 16 PHN case in 71,457 immunized subjects and 1,665
PHN cases in 2,563,404 cases in unimmunized subjects;
the effectiveness against PHN has been equal to 0.62
(95%CI: 0.37-0.77) and to 0.59 (95%CI: 0,21-0.79) at
30 and 90 days, respectively. Langan et al. have dem-
onstrated a zoster vaccine effectiveness equal to 48%,
62% and 59% against HZ, PHN at 30 days and PHN at
90 days, respectively. The same study has confirmed the
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zoster vaccine effectiveness in routine clinical use, even
in immunosuppressed individuals [71].

A long-term effectiveness study has been planned in
subjects = 50 years of age included in the Kaiser Per-
manente Northen California health plan. The target is to
immunize 15,000 subjects; a preliminary phase started
in 2012, is already ongoing and two ad interim analysis
are planned at the end of 2016 and 2020; the study will
end in 2024 [68, 72].

ZOSTER VACCINE: EVALUATION OF SAFETY

The studies SPS and ZEST has allowed to evaluated safe-
ty and tolerability of the new zoster vaccine. In detail,
the SPS trial demonstrated an excellent tolerability and
safety profile [63]. In this trial each enrolling site closely
monitored adverse events in a subset of subjects (safety
substudy). As a whole, the incidence of hospitalizations
and deaths has been quite similar during the follow-up
of both groups of subjects involved in the study. Dur-
ing the 42 days following immunization, a rash (usually
mild) at the site of injection has been registered more
frequently in immunized subjects than in those receiv-
ing placebo. Seven and 24 HZ cases has been registered
in immunized and placebo-receiving subjects during the
first 42 days after immunization. The Oka/Merck vac-
cinal strain has not been detected in any sample.

Five severe adverse events (SAEs) have been reported;
only 2 have been observed in the immunized group.
The safety substudy pointed out a greater frequency of
adverse events (AEs) involving the site of injection in
the vaccine group than in the placebo; in immunized
subjects the most frequent AEs have been erythema
(35.8%), pain or tenderness (34.5%), swelling (26.2%),
and pruritus (7.1%).

SAESs occurring during the first 42 days after immuniza-
tion have been significantly higher in the vaccine group
than in the placebo one (1.9% vs. 1.3%, p = 0.03). No
significant differences in SAEs distribution accordingly
to site or type of event has been demonstrated. No hos-
pitalization was related to immunization [63].

The ZEST study confirmed the safety profile of zoster
vaccine. The rate of at least one AEs was higher in im-
munized subjects than in those receiving placebo (73%
vs. 42%), most of AEs were at the injection site. Few
(0.7%) AEs have been reported as grade 3. Systemic
AEs were reported in 35% of immunized subjects; 6.7%
of these have been related to the vaccine. During the
ZEST study the AEs incidence in immunized subjects
has resulted higher than the one observed in the SPS
study (63.9% vs. 48.3%); this fact could be possibly
explained with a higher local reactogenicity in younger
subjects [73]. The rate of subjects with SAEs during the
first 42 days following immunization has been similar
in immunized and in placebo group (0.6% vs. 0.5%). An
anaphylactic reaction has been reported 15 minutes after
vaccine administration with no sequelae. The molecu-
lar analysis of biological samples (n = 47) belonging to
subjects with HZ-like rashes (n = 34) and varicella-like
rashes (n = 124) identified wild-type virus in 11 cases;
no Oka/Merck strain has been detected [64].

The safety profile of zoster vaccine has also been as-
sessed in a study involving almost 12,000 subjects > 60
years of age (5,983 immunized and 5,997 receiving pla-
cebo). During the first 42 days of follow up, a SAE was
reported by 1.4% and 1.12% of immunized and placebo-
receiving subjects, respectively (relative risk RR 1.26;
95%CI: 0.91-1.73; not statistically significant). Dur-
ing the follow up at 182 days, 5.7% (n = 340) and 5%
(n = 300) subjects, immunized and placebo-receiving
respectively, reported a SAE; the RR in this analysis
was equal to 1.13 (95%CI: 0.98-1.32; not statistically
significant). In conclusion, this study has demonstrated
that the incidence of SAEs in the period 1-42 days and
at 6 months was not statistically different comparing im-
munized and placebo-receiving subjects [74].

Zoster vaccine resulted well tolerated in a clinical trial
involving subjects > 60 years of age on chronic/mainte-
nance corticosteroids (5-20 mg of prednisone or equiva-
lent daily/dose) for at least 2 week before enrollment and
for > 6 weeks after immunization [62]

Two studies [75, 76] have shown that zoster vaccine is
safe in subjects with a recent history of documented HZ
in accordance to recommendations by CDC Advisory
Committee on immunization practices already estab-
lished in 2008 [77].

The good safety and tolerability profile of zoster vac-
cine has been confirmed in all effectiveness studies per-
formed after licensure and commercial availability of
the product. Generally, the most frequent AEs reported
have been injection site reactions (redness, swelling and
pain) (= 1/10) and headache (from > 1/100 to < 1/10). No
cases of secondary transmission of vaccinal strain have
been reported; no age-related specific safety issues have
been demonstrated.

Recently, a HZ case caused by VZV vaccine strain has
been documented in an immunocompetent recipient
of zoster vaccine [78]. The efficacy, effectiveness and
safety profile of zoster vaccine has recently been con-
firmed in an European Health Technology pilot assess-
ment [79].

conclusions

The evaluation of the epidemiology, the frequent and de-
bilitating complications (PHN), the sub-optimal available
treatments and the costs related to the diagnosis and clini-
cal/therapeutic management of HZ patients have been the
rationale for the search of an adequate preventive measure
against this important disease. The target of this specific
intervention is to reduce the frequency and severity of
HZ and related complications by stimulating CMI. High-
antigen content vaccines elicit an effective CMI response,
also in elderly subjects. Prevention has recently become
possible with the live attenuated vaccine Oka/Merck, with
an antigen content at least 10-fold higher than the antigen
content of pediatric varicella vaccines. Clinical studies
show a good level of efficacy and effectiveness, partic-
ularly against the burden of illness and PHN in all age
classes. Protection seems to be long lasting and vaccine
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safety matches registration requirements. Accordingly
to the summary of the characteristics of the product the
zoster vaccine is indicated for the prevention of HZ and
HZ-related PHN of individuals 50 years of age or older
and is effective and safe in subjects with a positive his-
tory of HZ. The evaluation of all the above mentioned
points has already allowed some countries to recommend
the use of zoster vaccine (e.g. USA, Canada, Austria, UK,
Germany/Saxony, Sweden, Greece, France).
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Summary

Glycopeptide resistance in Staphylococcus aureus is a source of
great concern because, especially in hospitals, this class of anti-
biotics, particularly vancomycin, is one of the main resources for
combating infections caused by methicillin-resistant Staphylococ-
cus aureus strains (MRSA).

Reduced susceptibility to vancomycin (VISA) was first described
in 1996 in Japan; since then, a phenotype with heterogeneous
resistance to vancomycin (h-VISA) has emerged.

H-VISA isolates are characterised by the presence of a resistant sub-
population, typically at a rate of 1 in 10° organisms, which consti-
tutes the intermediate stage between fully vancomycin-susceptible S.
aureus (VSSA) and VISA isolates. As VISA phenotypes are almost
uniformly cross-resistant to teicoplanin, they are also called Glyco-

Introduction

Since the 1970s, the selective pressure exerted by an-
tibiotics has given rise to increasingly resistant bacte-
rial species and the last 20 years have seen a marked
increase in multi-resistant pathogenic strains [1].
Staphylococcus aureus (S. aureus), human commensal
bacterium involved in an array of pathologies, from mi-
nor dermatological diseases to severe disorders, such as
pneumonia, endocarditis, meningitis or sepsis, continues
to be one of the main causes of hospital and community
infections worldwide [2]. The emergence of resistance
to penicillin, followed by the spread of strains resistant
penicillins penicillinases resistant (headed by methicil-
lin, macrolides, tetracyclines, aminoglycosides and, re-
cently, glycopeptides has turned the therapy of staphylo-
coccal infections into a global challenge.

Glycopeptide resistance in S. aureus is a source of great
concern because, especially in hospitals, this class of an-
tibiotics, particularly vancomycin, is one of the main re-
sources for combating infections caused by methicillin-
resistant S. aureus strains (MRSA).

Methicillin-resistant S. aureus
The rate of mortality due to S. aureus infections was

drastically reduced by the introduction of penicillin in
the early 1940s. A few years later, however, strains of
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peptides-intermediate Staphylococcus aureus strains (GISA) and, in
the case of heterogeneous resistance to glycopeptides, h-GISA.

The overall prevalence of h-VISA is low, accounting for approxi-
mately 1.3% of all MRSA isolates tested.

Mortality due to h-GISA infections is very high (about 70%),
especially among patients hospitalised in high-risk departments,
such as intensive care units (ICU).

Given the great clinical relevance of strains that are heteroresist-
ant to glycopeptides and the possible negative impact on treat-
ment choices, it is important to draw up and implement infection
control practices, including surveillance, the appropriate use of
isolation precautions, staff training, hand hygiene, environmental
cleansing and good antibiotic stewardship.

S. aureus that had developed plasmid-mediated resist-
ance to penicillin appeared; this resistance was due to
the production of penicillinase, a 3-lactamase capable of
breaking down the drug before it could reach its target.
Methicillin, the first semisynthetic penicillin resistant
to penicillinases, was introduced into clinical practice
in 1959. This antibiotic proved efficacious in combat-
ing infections due to B-Lactam antibiotic-resistant S. au-
reus strains until the appearance of methicillin-resistant
strains of S. aureus, which soon became one of the main
causes of infection in hospitals.

The first report of MRSA strains was made in England
in 1961 [3], not long after the introduction of methicil-
lin, and epidemics caused by MRSA were already be-
ing recorded in the early 1960s [4, 5]. Since then, MR-
SA strains have spread throughout the world and their
prevalence has increased in both hospital and commu-
nity settings. The epidemiology of MRSA has therefore
changed in recent years, in that infections are no longer
confined to the hospital environment, but also involve
healthy subjects without particular risk factors in the
community setting [6].

In the USA, MRSA account for more than 60% of all
S. aureus isolates in intensive care units (ICU) [7]. In
Europe, it has been estimated that MRSA cause 171,200
nosocomial infections each year, corresponding to 44%
of all hospital infections [8]. In Italy, the percentage of
MRSA strains isolated in hospitals is around 40%, with
peaks of up to 80% in some hospitals [9].
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These strains generally display multi-resistance, which
considerably limits therapeutic options. A study con-
ducted in Canada revealed that the mortality associated
with bacteraemia due to MRSA was 39%, as opposed to
24% due to strains of Methicillin-sensitive Staphylococ-
cus aureus (MSSA) [6].

Mechanism of methicillin resistance

All strains of S. aureus produce 4 main membrane pro-
teins capable of binding penicillin and other B-Lactam
antibiotics (penicillin-binding proteins, PBP). 3-Lactam
antibiotics are substrate analogues, which covalently
bind to the serine-active sites of the penicillin-binding
proteins (PBPs), inactivating the enzyme at concentra-
tions roughly comparable to the minimum inhibiting
concentrations (MIC). PBPs 1, 2 and 3, which have a
high affinity for most -Lactam antibiotics, are essen-
tial to the development of the cell and to the survival of
sensitive strains; the binding of B-Lactam antibiotics to
these PBP can kill the bacterial cell [4, 10].

The mecA gene, the expression of which is generally
regulated by the mecl and mecRI genes, codifies for
PBP type 2a (PBP2a), a low-affinity PBP on which re-
sistance itself depends. PBP2a is a 78 kDa protein which,
in methicillin-resistant strains, owing precisely to its low
affinity for most B-Lactam antibiotics, is not saturated
(and thus functionally blocked) by otherwise lethal con-
centrations of these antibiotics. In such conditions, not
only does it continue to function, it is also able to vi-
cariously carry out the functions normally performed by
the other (functionally blocked) high-affinity PBPs [11].
The mecA gene (2.1 kb) participates in a broader block
of DNA (up to 60 kb), called staphylococcal chromo-
somal cassette (SCCmec), containing the determinants
of resistance to the various non- B-Lactam antibiotics.
MecA is normally regulated by the genes mecl (repres-
sion) and mecR1 (induction) [4, 10].

Resistance to glycopeptides and
epidemiology of h- glycopeptide
intermediate-resistant S. aureus (GISA)
strains

Following the global rise in infections caused by mul-
ti-resistant MRSA strains, glycopeptides have become
the antibiotics of choice for the therapy of nosocomial
staphylococcal infections in the last 20 years. The glyco-
peptides in clinical use are vancomycin, the co-founder
drug that came onto the market at the end of the 1950s,
and teicoplanin, which was introduced into clinical prac-
tice in the second half of the 1980s.

The glycopeptide antibiotics are large rigid molecules,
which inhibit the last stages of peptidoglycan biosyn-
thesis. Their antimicrobial activity, which is limited to
Gram-positive bacteria owing to their inability to pen-
etrate the external membrane, is due to their particular
affinity for the D-alanyl-D-alanine (D-Ala-D-Ala) di-

mer of the lateral chain of the peptidoglycan precursor,
to which they strongly bind, albeit non-covalently [10].
Although this antibiotic has been widely used in the last
two decades, most MRSA strains are still sensitive to
vancomycin. Indeed, the first MRSA isolates with re-
duced sensitivity to glycopeptides took about 40 years
to emerge [12].

The first MRSA isolates displaying reduced sensitiv-
ity to vancomycin (VISA) were reported in Japan in
1996 [13]; soon afterwards, a phenotype of S. aureus
with acquired heterogeneous resistance to vancomycin
(h-VISA) emerged [14, 15]. h-VISA isolates are char-
acterised by the presence of a subpopulation (1 per 10°
bacterial cells) resistant to vancomycin and represent the
intermediate stage between total sensitivity to vancomy-
cin (VSSA) and VISA isolates [10, 16-18]. Following
the appearance of the first VISA (Mu50) and h-VISA
(Mu3) strains reported in Japan [13, 14], both pheno-
types were described worldwide. However, the exact
prevalence of h-VISA strains is difficult to determine,
owing to the wide range of methodological tests used,
of definitions and of modifications in the breakpoints
of susceptibility to vancomycin. This might explain the
considerable variability in the prevalence of h-VISA
strains in the various institutions, geographic regions
and patient populations.

Very recently, a further phenotype was found and char-
acterized in Mu3-6R-P strain: slow vancomycin-inter-
mediate S. aureus (s-VISA) strains [19]. h-VISA may
escape vancomycin therapy temporarily converting into
s-VISA and later returning to the previous stage as soon
as therapy is suspended. Therefore, the passage from h-
VISA to s-VISA and viceversa can be interpreted as an
oscillating, reversible switch mechanism.

Nevertheless, the overall prevalence of h-VISA remains
low: about 1.3% of all methicillin-resistant Staphylococ-
cus aureus (MRSA) isolates tested [16]. Di Gregorio et
al. computed h-VISA to be 4.5% of MRSA strains [20].
Hanaki and coauthors estimated that h-VISA represent
6.5% of MRSA strains [21], while Chaudhari and col-
laborators estimated h-VISA to represent 6.9% of 58
clinical isolates of MRSA [22]. Monaco and coworkers
carried out a study in order to assess the presence of h-
VISA strains in Italy: they found h-VISA to be 13.6%
of MRSA strains and 6.1% of all the studied S. aureus
strains [23].

As VISA strains generally display cross-resistance to
teicoplanin, they are also called glycopeptide interme-
diate-resistant S. aureus (GISA) [24] and, in the case of
heteroresistance, h-GISA. In the USA, however, where
teicoplanin is not available, the terms VISA and h-VISA
are currently used.

International data from the Tigecycline Evaluation and
Surveillance Trial (T.E.S.T.) involving 20,004 S. aureus
isolates show that the proportion of MRSA with vanco-
mycin MICs > 2 mg/L increased from 5.6% in 2004 to
11.1% in 2009 (P < 0.001) [8].

A study conducted in the metropolitan area of Detroit in
the USA documented a significant increase in the prev-
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alence of h-VISA over 20 years: from 2.27% between
1986 and 1993 to 8.2% between 2003 and 2006 [25].
VISA strains tend to develop multi-resistance to a large
number of commonly used antibiotics, thereby deter-
mining a reduction in possible therapeutic options and
increasing the risk of administering inadequate antibi-
otic therapy [26]. An increase in the resistance of MRSA
strains leads to increased morbidity and mortality due to
severe infections such as bacteraemia, endocarditis and
osteomyelitis [27, 28].

Concern over the development of vancomycin resistance
in staphylococci is destined to grow dramatically fol-
lowing reports of vancomycin-resistant strains of MR-
SA (VRSA). The first strain was reported in the United
States in 2002, isolated from a haemodialysis patient;
this strain proved to be highly resistant to vancomycin
and was also resistant to teicoplanin. It was isolated
from the patient together with an enterococcus, VanA,
and was found to contain in its genome not only the
mecA gene of methicillin-resistance, but also the vanA
gene, which is responsible for the most widespread form
of vancomycin-resistance in enterococci. The DNA
sequence of the vanA gene of the Staphylococcus was
identical to that of the vanA gene of the E. faecalis iso-
lated from an infected ulcer in the same patient. This
strain, the first clinical isolate of S. aureus highly resist-
ant to vancomycin, therefore seems to be the result of
the spread of VanA resistance from the enterococcus to
the S. aureus [10, 29]. To date, strains displaying high
levels of resistance to vancomycin (acquired through the
vanA gene) are rare, though cases have been reported in
the USA, India and Iran [8].

The results of a study conducted by Maor [30] revealed
that 6% of patients affected by MRSA presented h-
VISA strains and that the mortality rate among all the
h-VISA patients was 75%. This study suggests that h-
VISA infection is associated with unsatisfactory clinical
outcomes despite the adequate administration of vanco-
myecin.

A study conducted on 86 patients from whom MRSA
strains with reduced susceptibility to teicoplanin were
isolated revealed that 3.4% of patients were colonised
by h-GISA and that 2.5% had bacteraemia caused by h-
GISA. The results of this study suggest that recurrent
bacteraemia in a patient who has previously undergone
antibiotic therapy with glycopeptides is an important in-
dicator of the presence of h-GISA [31].

Mortality due to h-GISA infections is very high (about
70%), especially among patients hospitalised in high-
risk wards, such as intensive care units (ICU), where the
vulnerability of the patient is exacerbated by such con-
tingencies as invasive medical procedures, the insertion
of prosthetic devices or of central venous catheters, the
high frequency of nursing procedures, and the ample use
of broad-spectrum antibiotic therapy [32].

The hospital environment can play an essential role in
the transmission of multidrug-resistant pathogens, and
environmental monitoring can reveal the degree of mi-
crobial contamination [33]. Environmental contamina-
tion by MRSA strains tends to be very persistent (up to
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38 weeks) [34], which means that surfaces in wards can
become veritable reservoirs and vehicles for the spread
of infection [35, 36]. h-GISA strains are characterised
by thickening of the peptidoglycan wall [14, 15], which
is proportional to the degree of resistance to glycopep-
tides; this ultrastructural feature may favour adhesion
to surfaces, with important implications for the type of
sanitation measures that need to be implemented.

A study conducted by Perdelli et al. [37] evaluated the
percentage of MRSA with reduced susceptibility to gly-
copeptides in four ICU by means of environmental sam-
pling of air and representative surfaces. The antibiogram
performed on the colonies of S. aureus revealed that, in
the air of the four ICU sampled, 88.8% of the strains
proved to be resistant to methicillin and that 91.9% of
these displayed reduced susceptibility to glycopeptides.
A similar situation emerged with regard to the surfaces
sampled (72.0% MRSA, 81.1% of which h-GISA).

The prevalence of notified infections due to h-GISA
strains is low. However, as mentioned previously, this
might be due to the routine use of laboratory screening
techniques that have low sensitivity and specificity. It
would therefore be useful to implement quality controls
in order to verify the reliability of results and to unmask
any possible underestimation of the phenomenon [38].
Given the great clinical relevance of strains that are het-
eroresistant to glycopeptides, and their possible negative
impact on therapeutic choices, measures for prevention
and control should be implemented both on the clinical
front and with regard to hygiene/behavior.

Treatment and management

As vancomycin and other glycopeptides, such as te-
icoplanin, have constituted the treatment of choice for
infections due to MRSA, their excessive use may have
led to the appearance of h-VISA, VISA and VRSA
strains. Moreover, it is likely that the true magnitude
of the problem has been underestimated and that many
cases of h-VISA, VISA and perhaps VRSA have gone
undetected owing to the implementation of suboptimal
screening programs and the shortcomings of current di-
agnostic techniques [30]. As yet, the proportion of MR-
SA strains with reduced susceptibility to vancomycin
and teicoplanin in the hospital setting is not known [26].
Such knowledge, however, would be extremely impor-
tant for the purposes of prevention and control [39], in
that strains heteroresistant to glycopeptides (h-GISA)
are the direct precursors of vancomycin-resistant S. au-
reus (VRSA) strains and seem to be directly implicated
in the failure of antibiotic therapy in MRSA infections
that spread to deep layers [40, 41].

An alternative to vancomycin is daptomycin, an antibi-
otic belonging to the class of lipopeptides, which dis-
rupts the functioning of the cell membrane through a cal-
cium-dependent bond. Its bactericidal activity depends
on the concentration. The breakpoint of sensitivity to
daptomycin for S. aureus is < 1 pg/ml. Non-susceptible
strains have appeared during treatment with this antibi-
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otic. Although the mechanism of resistance has not been
clarified, these strains often display point mutations of
mprF, the gene for lysophosphatidylglycerol synthetase.
Previous exposure to vancomycin and a high MIC of
vancomycin have been associated to the increase in the
MIC of daptomycin, an observation that seems to indi-
cate possible cross-resistance [42].

Prevention and control

In recent years, several international scientific associa-
tions and institutions have drawn up recommendations
aimed at reducing the spread of MRSA infections in the
healthcare setting [43-47]. These recommendations are
concordant with regard to some essential aspects, such
as the use of specific surveillance tools, the adoption of
contact precautions (hand hygiene, use of barrier meas-
ures) to limit the spread of any cross-infection, and poli-
cies aimed at promoting the proper use of antibiotics.
With regard to this last aspect, it is important to ration-
alise the administration and use of glycopeptides in rela-
tion not only to therapeutic results but also to phenom-
ena of resistance.

However, antibiotic policy must not be limited only to
this class of antibiotics; it must also involve cephalo-
sporins and carbapenems, since the heterogeneous ex-
pression of glycopeptide resistance is also influenced by
exposure to almost all 3-Lactam antibiotics, even when
administered at optimal concentrations [15]. The issues
of the active detection of colonised patients and their de-
colonisation are more controversial [48-53]. This latter
question has been the subject of recently published sys-
tematic reviews [54, 55]. In 1997, the Centers for Dis-
ease Control and Prevention (CDC) in Atlanta drew up
a document containing recommendations for preventing
the spread of vancomycin resistance [56]. Further con-
siderations on the control of infections due to vancomy-
cin-resistant S. aureus strains were made by Wenzel and
Edmond [57], particularly with regard to the utility of
conducting studies on the prevalence of antibiotic resist-
ance, implementing control strategies and, especially,
contact precautions (hand-washing, use of gloves, isola-
tion, etc.), and immediate notification to the Infections
Committee of the hospital.

It is also important to utilise appropriate diagnostic
techniques in order to minimise recourse to prolonged
empirical therapy; for example to use venous catheters
only for the time strictly necessary, and to remove pros-
thetic materials infected by S. aureus. It is well known
that MRSA can spread easily in the hospital environ-
ment, and it is reasonable to suppose that VISA strains
have the same potential for transmission [10]. Measures
for the prevention and control of the spread of these
microorganisms have recently been revised in a docu-
ment endorsed by several European countries. This un-
derscores a few key points: proper hand hygiene and
routine cleansing and decontamination of environments;
the use of personal protection devices by healthcare per-
sonnel when attending to MRSA-positive patients; the

implementation of MRSA surveillance programs, and
the screening of patients at risk [58]. It has been demon-
strated that controlling the spread of MRSA in hospitals
requires the simultaneous implementation of both “hori-
zontal” and ““vertical” strategies. Horizontal strategies
are those aimed at preventing the spread of infections
due to all possible pathogens [37, 59-62] through inter-
ventions such as hand hygiene, environmental cleans-
ing, antibiotic stewardship and proper management of
vascular catheters; vertical strategies are those aimed at
controlling a specific pathogen (MRSA) [63]. An ap-
proach that combines these two strategies — horizontal
and vertical — can optimise the results [57]. In Italy, the
Ministry of Health has recently drawn up a document
which identifies the priority measures to be adopted in
order to reduce the risk of healthcare-related infections
(HAIs) caused by MRSA, as indicated in the most recent
international scientific literature [63].

The main measures are listed below:

SURVEILLANCE

Organising a system of surveillance is useful only if da-
ta analysis leads to the adoption of suitable provisions.
Thus, identifying patients infected/colonised by MRSA
is useful if the system prescribes the subsequent isola-
tion of the positive patient and the implementation of
contact precautions.

Surveillance can allow the spread of MRSA inside
health facilities to be detected and monitored over time,
in order to plan adequate intervention. To ensure optimal
cooperation on the part of the various departments, sur-
veillance data must be provided periodically.

HANDLING INFORMATION ON MRSA POSITIVITY

The correct and timely transmission of information on
MRSA positivity is important in order to ensure that the
necessary interventions and/or decisions be taken to ad-
dress the problem.

At the moment of hospitalisation, the availability of in-
formation on previous colonisation by MRSA can en-
able the patient to be placed pre-emptively in isolation,
thereby reducing the spread of the microorganism in the
hospital.

HAND HYGIENE

Proper hand hygiene is deemed to be the main means
of reducing HAIs. Compliance with this measure on the
part of healthcare personnel is generally less than 40%;
this low percentage has been associated with the use of
gloves, a practice erroneously regarded as a substitute
for hand hygiene.

Kapil and collaborators carried out a survey among
health-care workers (HCWs) and found that 70% had
bacterial counts > 100 CFUs. Hand hygiene reduced the
count of 95-99% among doctors and nurses, 70% among
hospital attendants and 50% among sanitary attendants.
S. aureus was present on the hands of 8 HCWSs of which
three were MRSA [64]. Similar findings were obtained
by Monistrol and coworkers who found that S. aureus
is the most common contaminant in health settings and
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that, isolated from the hands of healthcare workers, after
an educational intervention, the MRSA count decreased
from 1.96 + 1.2 log10 CFU/ml to 0.89 + 1.2 log10 CFU/
ml [65]. Al-Tawfiq and coauthors observed a marked
decrease in the rate of MRSA cases per 1,000 patient-
days from 0.42 to 0.08, with an increase in the hand hy-
giene compliance [66].

82% of patients colonized by MRSA had positive hand
cultures for MRSA, which reduced after a single appli-
cation of alcohol gel [67]. Besides HCWs hand hygiene
compliance, also patient hand disinfection plays a major
role [68].

The use of alcohol gels and solutions for hand hygiene
has overcome many of the problems of non-compliance,
especially when time is short owing to heavy workloads.

CONTACT PRECAUTIONS

The spread of infections in healthcare facilities is made

possible by the interaction of three principal elements:

a source (reservoir) of pathogenic microorganisms; a

susceptible host and a suitable means of entry for that

specific microorganism.

The main reservoir of infection is constituted by per-

sons (patients, healthcare workers, visitors and family

members). Human reservoirs may be subjects who are

colonised or have active infections. The environment

may also be involved in the spread of microorganisms,

through contaminated environmental sources or vehicles

(equipment, instruments, medical devices, solutions for

infusion, etc.).

As MRSA is chiefly spread through contact (direct or

indirect), contact precautions must be taken in order to

reduce the risk of transmission to a susceptible patient.

These precautions include:

* isolation in a single room or, if this is not possible,
isolation by cohort;

 the use of dedicated materials;

* hand hygiene;

* the use of disposable gloves and overalls;

* the use of protective barriers;

e proper management of equipment;

e environmental hygiene;

» proper handling of bedding and crockery;

* healthcare education, and staff training.

ENVIRONMENTAL HYGIENE

Healthcare facilities need to draw up regulations for en-
vironmental cleansing (frequency, methods) and to ap-
point a person to be responsible for ensuring that these
regulations are respected.

The environmental surfaces in healthcare facilities can
contribute to the spread of cross-infections, in that they
constitute a possible site for the accumulation of micro-
organisms [69]. Like medical devices, surfaces must
therefore be thoroughly cleaned and disinfected regu-
larly; disinfectants must be appropriate and used in con-
formity with the manufacturers’ recommendations and
the indications of the Hospital Infections Committee,
and particular attention should be paid to surfaces that
are touched frequently.
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SCREENING

In departments with a high incidence of MRSA or in
those accommodating patients at risk of severe MRSA
infections, it is advisable to carry out active screening
of high-risk patients. However, the implementation of
an MRSA screening system is meaningful only if the
results of screening are used to enact infection control
measures.

DECOLONISATION

Care bundles recommend that nasal decolonisation be
carried out with mupirocin in all patients identified as
MRSA-positive, according to the screening strategies
identified, and skin decolonisation with 4% chlorhex-
idine, 7.5% iodopovidone or 2% triclosan.

Universal decolonization is cost-saving [70] in that pre-
vents 44% of MRSA colonizations and 45% of MRSA
infections. Also the REDUCE MRSA trial confirmed
this finding, showing that compared with screening and
isolation, universal decolonization could save $171,000
and prevent 9 additional bloodstream infections for eve-
ry 1,000 ICU admissions [71].

PERSONNEL

The screening of personal is recommended only when
there is a strong suspicion that staff may be a source of
transmission, as in the case of an uncontrolled epidemic.

ANTIBIOTIC STEWARDSHIP

According to the international recommendations, in or-

der to reduce or at least contain the problem of antibi-

otic resistance, antibiotic policies, such as the following,
should be implemented:

1. Avoid inappropriate or excessive antibiotic therapies
and prophylaxes.

Pay attention to the diagnosis and ensure that the therapy

is appropriate.

2. Ensure that the dose and duration of antibiotic thera-
py are correct.

3. Reduce as far as possible the use of broad-spectrum
antibiotics, in particular third-generation cephalo-
sporins and quinolones.

4. Limit the use of glycopeptides and check therapeutic
levels.

It is also important to check that preoperative antibiotic

prophylaxis is appropriate in terms of indication, choice

of drug, dose and duration of prophylaxis, and to moni-
tor the consumption of antibiotics, at least in critical de-
partments at high risk of MRSA.

Antibiotic stewardship is particularly helpful in reduc-

ing MRSA cases and has long-term effect, as shown by

studies carried out in a secondary-care hospital in Ger-
many [72], and in a tertiary-care teaching hospital in the

USA [73].

It is also important to educate junior doctors about the

importance of preserving the effectiveness of the avail-

able armamentarium against S. aureus, as demonstrated
by an interventional study performed at two teaching

hospitals in France and Scotland [74].
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New strategies and forms of antibiotic stewardship have
been recently implemented for raising awareness of the
importance of a correct and proper antibiotic policy
among the HCWs.

New technologies can help in making antibiotic stew-
ardship highly sustainable, strengthening its impact
and preserving high quality care while reducing the
costs [75].

In conclusion, given the great clinical relevance of
strains that are heteroresistant to glycopeptides and
the possible negative impact on treatment choices, it is
important to draw up and implement infection control
practices, including surveillance, the appropriate use of
isolation precautions, staff training, hand hygiene, en-
vironmental cleansing and good antibiotic stewardship.
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Summary

Introduction. Post-licensure vaccine safety studies are essential
to identify uncommon events that may be difficult to assess during
pre-licensure studies. The aim of our study was to evaluate the
safety of serogroup C meningococcal conjugate (MCC) vaccine
in Tuscany from 2005 to 2012. Methods. All adverse events (AEs)
to MCC vaccine notified from 2005 to 2012 were obtained from
the regional health authority.

Results. Following 451,570 doses administered, 110 suspected
AEs were notified (mean annual reporting rate: 2.8/10,000
doses). The most frequently AE reported was fever (60%), fol-
lowed by swelling at the injection site (11%) and febrile seizures
(10%). Overall, 77.3% of cases were not severe, while 21.8%
required hospitalization. Almost four months after the receipt of

Introduction

Invasive meningococcal disease (IMD), a potentially
life-threatening acute disease with a rapid evolution
caused by the gram-negative, encapsulated and coffee-
bean shaped diplococcus Neisseria meningitides, still
represents a global public health challenge, with around
500,000 cases and 50,000 deaths occurring every year
worldwide [1]. IMD can be characterized by meningi-
tis, bacteremia, sepsis, pneumonia, or, less commonly,
by localized infections such as arthritis, myocarditis,
pericarditis and endophtalmitis [2-4]. Prognosis con-
siderably improved after the introduction of antibiotic
therapy, but the case fatality rate is still between 5 and
10% in industrialized countries and up to 20% of survi-
vors suffer from lifelong sequelae, such as mental retar-
dation, seizures, bilateral hearing loss, low vision or loss
of limbs caused by the tissue necrosis [5]. According to
the bacterial capsular antigens, 12 serogroups of N. men-
ingitidis have been identified (A, B, C, 29E, H, [, K, L,
Y, W135, X and Z), but those most often associated with
the disease are serogroups A, B, C, X, Y and W135 [6].
In Europe, most meningococcal disease is caused by B
and C serogroups.

Effective vaccination programmes represent the most
important tool to fight against the disease. Infections
caused by serogroups A, C, Y and W135 can be pre-
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the vaccine, a one-year-old infant was diagnosed with a pervasive
developmental disorder with disturbance of speech, but any link
with the vaccinations received was refuted. Most AEs (80.9%)
occurred after co-administration with other vaccines, especially
with MMR or MMRYV vaccines (42.7%) or the DTPa-HBV-IPV/
Hib vaccine (33.7%).

Discussion. Our study confirmed the high level of safety of MCC
vaccine in Tuscany: AEs proved rare and all cases had only tem-
porary and self-resolving consequences. As usually only the most
severe suspected AEs are reported, the true proportion of AEs
requiring hospitalization was most probably overestimated, and it
is plausible that most of these cases were in fact only temporally
related.

vented by polysaccharide vaccines, which, however, are
poorly immunogenic in children aged under two years
and fail to induce immunological memory in people of
any age, or by two types of conjugate vaccines, which
allow the induction of immune memory also in children
aged under two years [7]. The first, the meningococcal C
conjugate (MCC) vaccine, is directed only against type
C meningococcus; the capsular polysaccharide antigens
are conjugated to an immunogenic protein, either to
diphtheria toxoid, or to CRM,,;, a non-toxic mutant of
diphtheria toxin, or to tetanus toxoid and may be used
after the third month of age. Recently, tetravalent vac-
cines against the meningococcal groups A, C, W135 and
Y, mainly recommended to travellers to Sub-Saharan
Africa, have been made available.

In Italy, the previously increasing trend of serogroup
C meningococcal disease dramatically declined after
the introduction of a universal vaccination programme
against Neisseria meningitidis serogroup C. Tuscany
was the first Italian Region to approve, in 2005, a pol-
icy of active offer of MCC vaccine with three doses to
all newborns at three, five and 13 months of age, and a
catch-up until six years with a single dose. Immuniza-
tion with MCC vaccine was also recommended for sub-
jects of any age at risk for developing IMD [8]. In July
2008, the newborn schedule turned to a single dose after
the first year of age, at around 13 months. Therefore,
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presently, at 13-15 months four vaccines are adminis-
tered: MCC, pneumococcal, hexavalent and MMR or
MMRYV vaccines [9]. The adoption of the new schedule
was established in reason of the high herd immunity cre-
ated by the vaccination programme, as a result of which
the incidence of meningococcal disease was reduced by
80% in children under one year of age, not yet vaccinat-
ed [10]. Catch-up of children aged two to six years was
maintained by offering a single dose, in order to create a
solid immunity in the population. The vaccine is also of-
fered to the 12-14 years age group. With the recognition
that on-going post-marketing monitoring is essential in
order for the general population to maintain confidence
in vaccine safety, the aim of the present study was to
evaluate the safety and tolerability of MCC vaccine in
Tuscany between 2005 and 2012 through an analysis of
the suspected adverse events (AEs) to the MCC vaccine
notified to the regional health authority since the inclu-
sion of the MCC vaccination in the recommended vac-
cination programme.

Materials and methods

The notification of a suspected AE following a vac-
cination is regulated by a Ministerial Decree issued in
2003 [11]: the same procedure and reporting form as
in the case of suspected AEs following pharmacologi-
cal treatments are used. Consistently with Directive
2001/83/EC of the European Parliament and of the
Council of 6 November 2001 on the Community code
relating to medicinal products for human use, an AE is
a noxious and unintended response to a medicinal prod-
uct used at normal dosages. A serious adverse reaction
is an AE “which results in death, is life-threatening, re-
quires in-patient hospitalisation or prolongation of ex-
isting hospitalisation, results in persistent or significant
disability or incapacity, or is a congenital anomaly/birth
defect”. The reporting form, filled in by a healthcare
worker, is sent to the pharmacovigilance unit of the re-
spective health service, data are registered through the
national network of pharmacovigilance and sent to the
regional health authority, as well as to the drug or vac-
cine manufacturer and to the Italian Medicines Agency,
within seven days. The information regarding serious
AEs are also made available to the European Medicines
Agency and to the other EU Member States. The report-
ing form must include the patient’s initials, date of birth,
gender, the description and the severity of the event, the
effects caused, the name of the suspected drug or vac-
cine, possible risk factors and information on other vac-
cines/drugs that may have been co-administered.

As for vaccinations, the time of administration and the
dose number are also reported, with the specification of
the batch number and expiration date [11]. In the report-
ing form it must be specified whether the AE i) was not
severe; ii) was severe requiring hospitalization but fol-
lowed by resolution; iii) was very severe, possibly with
long-term consequences; iv) caused death.

Data regarding all AEs to MCC vaccine from 2005 to
2012, collected by the Regional Health Authority, were
obtained after been made anonymous. For each suspect-
ed AE the following information were made available:
the specific numeric code assigned to the individual;
the reporting local health unit; the date of occurrence;
the subject’s age (due to privacy regulations the date
of birth was not available) and gender of the subjects;
type, severity and outcome of the reaction; the report-
ing source (hospital, general practice, primary care, drug
store); the contact details of the person who reported the
AE; the type of administration and data regarding other
vaccines, drugs, herbal or homeopathic products or food
supplements that may have been co-administered. Data
analysis was performed using descriptive statistics in
Microsoft Excel 2010.

Results

From 2005 to 2012, 451,570 doses of conjugate menin-
gococcal C vaccine were administered in Tuscany and,
during this period, 110 cases of suspected AEs to the
MCC vaccine were notified, with an average annual re-
porting rate of 2.8/10,000 doses. In Figure 1, the number
of doses administered each year and the annual reporting
rates are shown. In 2005, the average reporting rate was
1.3/10,000 doses; it increased in the following years until
2008. In that year the schedule was amended to a single
dose at 13 months. In 2009, the reporting rate dropped
to 1.3/10,000, then an increase of the annual reporting
rate, up to 8.0/10,000 doses in 2012, was observed. The
vaccine coverage at 24 months progressively increased
from 65.8% in 2005, when the policy of active offer of
MCC vaccine was introduced, to 90.5% in 2011; in 2012
it was 89.4% (Fig. 2). Females and males were almost
equally affected (51% males, 49% females). Given the
recommended schedule, AEs mostly affected the young-
est age groups: 58.2% of AEs were reported in children

Fig. 1. Number of doses administered per year and average an-
nual reporting rates of suspected adverse events following im-
munization with MCC vaccine per 10,000 doses administered,
Tuscany, 2005-2012.
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Fig. 2. Vaccination coverage with MCC vaccine at 24 months of
age (%), Tuscany, 2006-2012.
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Fig. 3. Number of suspected adverse events following immuniza-
tion with MCC vaccine by severity of the events, Tuscany, 2005-
2012. * Lack of biological plausibility, ** Causal association not
demonstrated.
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aged one to two years, 15.5% in infants up to one year
of age and 13.6% in children aged two to seven years
(Tab. I). Most AEs, 25.5% and 19.1% respectively, were
recorded in 2012 and 2008.

Overall, the most frequently reported AE was fever
(60%), followed by swelling at the injection site (11%).
Ten cases of febrile seizures (10%) were reported. Four
cases of non-febrile seizures (3.6%) and three cases
(2.7%) of unspecified convulsions were also notified.
Rash was also common (10%). Other suspected AEs
were vomiting (7.2%), diarrhoea, drowsiness, agita-
tion/restlessness (4.5%), lymphadenopathy, persistent
crying, pain at the injection site (3.6%). Two cases of
thrombocytopenia purpura (1.8%), one of which classi-
fied as idiopathic, and one case of ataxia (1%) were also
notified.

The majority of suspected AEs to MCC vaccine, 77.3%,
were not severe, whereas approximately a fifth (21.8%)
were severe and required patients’ hospitalization, but
were followed by resolution (Fig. 3). Almost half (49%)
of total suspected AEs occurred the same day the vac-
cine was administered, most of these (87%) were not se-
vere. Most febrile seizures (6/10) occurred between six
and 11 days after vaccination.

Half of the 24 cases requiring hospitalization occurred
after six days from the vaccination.

One third of hospitalized cases (8/24) was admitted to
hospital due to convulsions (Fig. 4). Among these, 63%
(N =5) were febrile seizures. A fifth (5/24; 20.8%) were
hospitalized for the onset of fever (all in children aged
one). Another fifth was hospitalized due to disorders of

the nervous system other than convulsions: two cases
of hypotonia (one in a two-year-old; the other, followed
by loss of consciousness, was reported in a two-month-
old); sleepiness and irritability were notified for a one-
year-old; an infant was admitted for absence seizure and
hyperpyrexia; finally, a case of ataxia was reported in
a one-year-old after concomitant administration with
MMRYV. The other causes of hospitalization were: de-
velopment of acute dyspnea or apnea accompanied by
fever (n = 2); thrombocytopenic purpura (n = 2; one after
co-administration with the MMRYV vaccine); giant ur-
ticaria (n = 1). In the case of an eight-year-old child,
the cause of hospitalization was itchiness at the injection
site.

In 2009, one suspected AE was classified as “very se-
vere, possibly with persistent consequences”: it was
the case of a one-year-old infant, for whom a pervasive
developmental disorder with disturbance of speech was
reported about four months after the administration of
the MCC vaccine. According to the recommendations of
the regional vaccination plan, the child was vaccinated
with MMRYV and MCC vaccines in March and with the
7-valent pneumococcal conjugate vaccine in April and
in June. Any causal correlation with the MCC vaccine
or with the other vaccines administered simultaneously
or afterwards was refuted by the paediatrician, due to the
lack of biological plausibility, and an autism spectrum
disorder was hypothesized instead. The physician, how-
ever, was still not completely certain about the diagnosis
as of July 2014.

Tab. 1. Suspected AEs following immunization with MCC vaccine by age groups and vyear, Tuscany, 2005-2012.

Age groups | 2005 2006 | 2007 | 2008 | 2009 | 2010 | 2011 2012 S“Zgggfze&fs
N | N | N% | N@% | N | N | N% | N(% N
<1 2000 | 5455 | 4(333) | 4(190) | 00 00 | 167 | 136 17 (15.5)
12 330 | 2(182) | 6(500) | 11 (52.4) | 5(833) | 2(286) | 12(80) | 23 (82.1) 64 (58.2)
2-7 440 | 30273 | 2467 | 148 | 00 | 2286 | 167 | 201 15 (13.6)
714 1000 | 101 | 00 | 148 | 00 0 00 | 136 436
>14 00 0 00 | 40190 | 1167 | 3429 | 167 | 136 109.1)
TOTALN (%) * | 10(9.1) | 11(100) | 12(10.9) | 21(19.) | 654 | 7(64) | 15(13.6) | 28(25.5) 110 (100)

* % on the total suspected AEs reported between 2005 and 2012.
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Fig. 4. Causes of hospitalization following MCC vaccine in Tuscany (2005-2012). * Five cases of convulsions out of eight were febrile seizures.

Most suspected AEs (89/110; 80.9%) occurred the same
day of co-administration with other vaccines. Three vac-
cines, MCC included, were co-administered in 7.3%
of AEs and a fourth vaccine was administered in one
case (0.9%). The most common associations were those
with the MMRYV or the MMR vaccines (42.7%) and
those with the hexavalent diphtheria-tetanus-acellular
pertussis-hepatitis B virus-inactivated polio/Haemophi-
lus influenzae b (DTPa-HBV-IPV/Hib) vaccine (33.7%)
(Fig. 5). The majority of suspected AEs following co-
administration with another vaccine (57%) occurred be-
tween 2009 and 2012, i.e. after the switch, in 2008, to a
single dose at 13 months, age in which, according to the
regional schedule, children are also immunized against
MMR or MMRYV. All ten cases of febrile seizures oc-
curred after co-administration with other vaccines: five
after MMR vaccine, two after MMRYV vaccine, two after
the DTPa-HBV-IPV/Hib vaccine, and one after the vari-
cella virus vaccine. In Figure 6, the suspected AEs re-
ported following co-administration of MCC with MMR
or MMRY vaccines and the vaccination coverage at 24
months for measles and/or varicella containing vaccines
are shown.

For seven severe cases that required hospitalization, data
concerning the outcomes are missing. The causes of hos-
pitalization for these cases were: febrile seizures (n = 3);
unspecified convulsions (n = 1); hypotonia (n = 1); idi-
opathic thrombocytopenic purpura (n = 1); and, finally,
hyperpyrexia (n = 1). All other cases were followed by
improvement or complete resolution.

Discussion

The development of the meningococcal serogroup C con-
jugated vaccine was prompted by the increasing number
of serogroup C infections in the 1990s, especially in
children under two years: these were cases that could
not be prevented on account of the poor immunogenicity
granted for this age group by the already available poly-
saccharide vaccine. The safety and the immunogenicity

of MCC vaccine had been clearly evaluated in several
pre-licensure trials [12-14]. The first country to imple-
ment a national MCC immunization programme, in No-
vember 1999, was the UK, where, in less than one year
and a half, each individual aged under 18 years was im-
munised. The Committee on Safety of Medicines Expert
Working Group assessed the MCC vaccine safety pro-
file during this immunisation campaign and concluded
for its extremely favourable risks/benefits balance [15].
Post-licensure surveillance of vaccine safety is essential
in order to identify uncommon events that may be dif-
ficult to assess during pre-licensure studies, when, usu-
ally, the small sample size and the relatively short period
of observation only allow to describe the most common
and expected AEs. Furthermore, the effects on suscepti-
ble individuals that might eventually become the target
of vaccination strategies, such as subjects with medical
conditions, are not commonly evaluated in pre-licen-
sure studies [16]. Research in vaccine safety can help
to maintain public confidence in immunizations and to
prevent the decrease of vaccination coverage, the return
of previously under control infectious diseases, as well
as avoidable deaths [17]. As a matter of fact, at the pre-
sent time, vaccinations are at risk to become victims of
their own success, especially in Western Europe, where
some illnesses against which vaccines offer protection
(e.g. haemophilus influenzae infections or diphtheria)
have become so sporadic that even health professionals
sometimes fail to appreciate the potential of one of the
most successful tools for protecting the public’s health,
and anti-vaccine movements have gained popularity in
recent decades. When, very rarely, true severe adverse
reactions to immunizations do arise, they are generally
short-lived and can be treated under the circumstances in
which vaccines are nowadays administered. However,
although vaccines are recognized as the most effective
and safest medical and public health interventions [18],
second only to the development of safe water resourc-
es [19], yet, very rarely, they may cause severe AEs. It
is therefore important to timely identify such events, so
that regulatory actions can be promptly taken in order
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Fig. 5. Suspected adverse events following immunization with MCC vaccine in co-administration with other vaccines, Tuscany, 2005-2012.
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Fig. 6. Suspected adverse events following MCC vaccination co-
administered with MMR or MMRV vaccine, and MMRV, MMR, V
vaccination coverage at 24 months of age, Tuscany, 2009-2012.
* For 2009, the vaccine coverage at 24 months is beyond 100%,
because the information obtained by the regional authority re-
garded the combined MMR/MMRV vaccine coverage (separate
data were not available) and about the monovalent varicella (V)
vaccine coverage: these two values partly overlap, as MMR and V
vaccines could be administered simultaneously in the same day.
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to ensure that vaccines continue to have the desirable
safety and quality profiles.

The aim of the present study was to evaluate the safety
and tolerability of MCC vaccine in Tuscany since its in-
troduction into the regional immunization programme,
through an analysis of the suspected AEs reported be-
tween 2005 and 2012. Due to privacy regulations, data
were obtained anonymized, but we could assess the re-
porting rate per doses administered. Our findings con-
firmed the high level of safety and tolerability of the
vaccine in Tuscany: AEs proved to be rare, the average
annual reporting rate being 2.8/10,000 doses. The in-
crease of the reporting rates after 2009 reflects the transi-
tion from a three-dose to a single-dose schedule and the
subsequent decreased denominators. The events notified
were not severe in nearly four-fifths of the cases. All
suspected AEs for whom the information on the outcome
was available proved to be temporary and self-resolving.
For the one severe suspected AE with probable perma-
nent disability, any causal relationship with the vaccines
administered around the time of the onset of symptoms
(pervasive developmental disorder with disturbance of
speech) was conclusively ruled out by the paediatrician,
due to the lack of biological plausibility. As for the most
severe AEs registered, it is important to highlight that all
febrile seizures registered occurred following co-admin-
istration with MMR, MMRYV, DTPa-HBV-IPV/Hib or
varicella vaccines. The risk of febrile seizures, generally
occurring seven to 10 days after immunization, particu-
larly increases with MMR or MMRYV vaccines: up to 3.4
additional cases per 10,000 children [20, 21] and 5.8 ad-
ditional cases per 10,000 doses [22], respectively, have
been described in the literature. Results from our study
indeed confirmed the post-vaccine “peak period” for fe-
brile convulsions incidence.

One of the two cases of thrombocytopenic purpura that
were registered can be put in causal correlation with the
MMRYV vaccine, since it occurred after co-administra-
tion with this vaccine, and while there is no evidence
of an increased risk in children following immunization
with MCC [23], idiopathic thrombocytopenic purpura
is a recognized adverse event of measles-containing
vaccines [24]: in the literature up to 1 case per 22,300
doses have been reported in association with these vac-
cines [25-30]. Also the case of ataxia in one-year-old
infant, which resulted in complete resolution, could be
related to MMRYV vaccine: it occurred after co-admin-
istration with this vaccine and transient ataxia has been,
very rarely, reported after MMRYV vaccinations in post-
marketing surveillance studies [31, 32].

conclusions

Since usually only the most severe AEs are reported,
the suspected AEs that required inpatient hospitalization
(21.8%) in all likelihood overestimated the true propor-
tion of severe AEs. Most of these observed cases may
be unrelated to the immunization, but have a temporal
association with it. The increase in the reporting rate in
the last two years of our period of observation (2011-
2012) is indeed noteworthy: it followed the publication
of a study, in 2010, pointing at an increased risk for fe-
brile seizures in subjects immunized with the MMRV
vaccine [33], which contributed to focus widespread at-
tention on the problem of adverse events following im-
munizations. The findings of the present study, which
confirmed the high level of safety of the MCC vaccine,
can contribute to support public health professionals in
addressing parents’ concerns regarding the safety pro-
file of the vaccines recommended in our national and
regional immunization programmes.
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Ssummary

Introduction. A few number of literature specifically addresses
vaccination uptake among Public Health Residents (PHRs). Influ-
enza vaccine attitudes and risk perceptions of PHRs across Italy
were studied, contributing to literature on influenza vaccination
uptake predictors, in particular among young physicians.
Methods. An online survey was conducted in 25 Schools of Public
Health in Italy in 2011-2012. Results were analysed using preva-
lence and logistic regression methods.

Results. A rotal of 365 Italian public health residents were
included in the study. Vaccination uptake was confirmed by 22.2
and 33.2% of PHRs in 2010-2011 and 2011-2012, respectively.
For the 2010-2011 influenza season, vaccination was associated
with male sex (adj-OR 3.43; 95%CI = 1.5-7.84) and vaccination
history (adj-OR 29.44; 95%CI = 6.4-135.04). For the 2011-2012

Introduction

The bottom line health impact and the degree of success
of influenza vaccination campaigns among health care
workers (HCWs) has been largely discussed in litera-
ture [1-3].

Influenza vaccination is universally recognized as an
essential intervention to minimize the risk for medical-
care-acquired influenza illnesses among older patients
and with comorbidities [4, 5].

Moreover, within HCW communities, this vaccination
can reduce absence from work during annual epidem-
ics [5, 6].

Nevertheless the communication inside the public is
increasing. Influenza vaccination rates are always be-
low the ECDC requirements. US data report 66.9% of
adherence in 2012 but even European and Italian data
for 2012 campaign were always below the threshold of
75% [7-9].

With regards to influenza vaccination, it is important
to focus on the psychological factors that influence
medical professionals regarding their vaccination be-
haviour [9, 10]. Attitudes and determinants associated
with influenza vaccine uptake have been studied and

season, vaccination was significantly associated with having
had between one and three influenza vaccinations in the previ-
ous five years (adj-OR 11.56; 95%CI = 6.44-20.75) or more than
three (adj-OR 136.43; 95%CI = 30.8-604.7) and with individual
participation in general population vaccination campaigns (adj-
OR 1.85; 95%CI = 1.01-3.41).

Discussion. Italian residents in public health have no confidence
and a low personal risk perception about vaccinations therefore
taking no measures to protect patients, general population and
themselves. Annual influenza vaccination acceptance is associ-
ated with influenza vaccine uptake in the previous years and per-
sonal involvement in general population vaccination campaigns.
These factors should be considered for the design of future cam-
paigns targeting public health residents.

theorized, using different models, to explain fears, com-
plaints, disease complacency, and HCW worries and
willingness to participate in annual influenza vaccina-
tion campaigns, both actively and passively [9-15].
Several studies from different European countries ex-
plored the link between HCW influenza vaccine cov-
erage rates and their knowledge, attitudes and practice
(KAPs) [14, 15].

Coverage among adults in Italy is uneasily traceable due
to the non-mandatory policy on influenza vaccination in
our country

It is also important to note, however, that self-reported
surveys on influenza vaccination can be considered a
good proxy for the real coverage rate and data report-
ed [16].

HCWs have an important role in influencing, motivat-
ing and empowering patients, the general population and
other health care workers to promote vaccination and to
actively take action to reduce biological risk in sanitary
settings [16, 17].

In particular, Public Health medical residents (PHRs)
could be considered a particularly influential and impor-
tant group, given that they act as public health advisors

152



for the general population and for other medical resi-
dents [18].

The main objective of our study was to investigate,
through a multicenter survey, determinants for the up-
take of influenza vaccination among Italian PHRs. This
paper will also contribute to literature on influenza vac-
cination uptake predictors, in particular among young
physicians.

Methods

Data were collected with an anonymous, self-adminis-

tered questionnaire, sent by e-mail, previously tested in

a pilot study presented at the XII Italian Public Health

Conference held in Rome from 12 to 15 of October 2011

and partially based on a survey conducted among medi-

cal residents in the University of Palermo [18].

Preliminary data from two regional settings (Calabria

and Sicily) were published in the past year [19].

Each questionnaire included nine sections with a total of

20 items as outlined below:

a) Demographic and academic characteristics: sex, age,
year of graduation, speciality if already attended (cat-
egorized in clinical, surgical and diagnostic duties).

b) Episodes of influenza/like illness in the previous five
years.

c) Considering themselves as part of a high risk group
for contracting influenza

d) Personal experiences of seasonal influenza vaccina-
tion in the previous five years (categorized as “never
vaccinated”, “one to three times” and “more than
three times”), for the 2009-2010 seasonal influenza
vaccination, for pandemic A (HIN1) influenza vac-
cination, and for 2010-2011 seasonal influenza vac-
cination.

e) Reasons for getting vaccinated or not getting vac-
cinated for 2010-2011 and for 2011-2012 seasonal
influenza.

f) Main sources of information on influenza/influenza
vaccination were investigated as closed- end ques-
tions (categorized as “none”, “recommendation of
Health Minister”, “scientific sources” and “mass me-
dia”).

g) The influence of the Influenza A(HIN1) pandemic
vaccination campaign on vaccination choice during
the following influenza seasons.

h) Attitude to recommend influenza vaccination to pa-
tients: categorized as “Yes, according to the recom-
mendations of the Health Minister”, “Yes, according
to my clinical experience”, “No, leaving patients to
their free will”, “No”.

i) Participation to influenza vaccination campaign
among HCWs and the general population during his/
her residency program.

7)) Recommended public health strategy to implement
low coverage rate of influenza vaccination among
HCWs (multidisciplinary courses, mandatory vac-
cination, vaccination incentives, settled university
training on influenza vaccination, other).

ITALIAN PUBLIC HEALTH MEDICAL RESIDENTS AND INFLUENZA VACCINATION

We piloted a multicentre study using data collected from
November 2011 to February 2012 among Italian PHRs
in Hygiene, Preventive Medicine and Public Health. In
total, 25 out of the 32 Italian postgraduate Italian Public
Health Schools participated in the study. The post-grad-
uate public health schools involved in the study, were
Torino, Milano Bicocca, Milano Statale, Brescia, Pavia,
Verona and Padova in the North, Bologna, Parma, Pe-
rugia, Modena, Siena, L’ Aquila, Roma Cattolica, Roma
Tor Vergata, Roma Sapienza 2, Chieti and Ancona in the
Center, Bari, Napoli Federico II, Napoli Seconda Uni-
versita, Catanzaro, Palermo, Messina and Catania in the
South of Italy.
We collected a mailing list of PHR whose schools had
accepted to participate to the project and asked the resi-
dents to complete the questionnaire anonymously.
Information contained in the questionnaires was only
available to, and only reviewed by, the research inves-
tigators, with stringent assurance of the confidentiality
of the individual data. The study was approved by the
Institutional Review Board of the Azienda Ospedaliera
Universitaria “P. Giaccone” of Palermo, Italy.
We entered all the information in a database created
within Epilnfo 3.5.1 software. All the data were ana-
lysed using the R statistical software package [20].
Absolute and relative frequencies were calculated for
qualitative variables. Quantitative variables were nor-
mally distributed and summarized as means (standard
deviation).
The associations between the potential determinants and
the two different dichotomous outcomes were evaluated
by the Fisher Exact Test (dichotomous variables) or Chi-
square test (categorical variables).
Odds ratio (OR) and adjusted OR (adj-OR) with 95%
confidence intervals (95%CIs) were also calculated.
Differences in means were compared with the Student
t-test.
All variables found to have a statistically significant as-
sociation (two-tailed p-value < 0.05) with vaccine uptake
in the univariate analysis were included in two different
multivariable stepwise logistic-regression models, hav-
ing the following dependent variables:
a) Italian PHRs’s decision to get vaccinated against
seasonal influenza (season 2010-2011).
b) Italian PHRs’s decision to get vaccinated against
seasonal influenza (season 2011-2012)
Measures of goodness of fit were calculated to compare
logistic regression models by using Akaike’s Informa-
tion Criterion (AIC) and the model with the lowest AIC
was considered the best fit. The significance level cho-
sen for all analysis was p < 0.05 (two-tailed).

Results

The overall response rate among Italian Public Health
residents from the participating schools was 80.1%
(365/456). The general characteristics of the 365 PHRs
included in the study are summarized in Table L.
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Tab. I. Characteristics of the 365 Italian public health residents (PHRs)
responding to the survey, collected from November 2011 to Febru-
ary 2012.

Response rate: 80.1% N=365/456
Age, mean in years = SD 314 +45
Age, median in years (interquartile range) 30 (28-33)
Gender, n (%)

- male 145 (39.7)
- female 220 (60.3)
Age Class in years, n (%)

- <29 99 (27.1)
-29to 31 123 (33.7)
->31 143 (39.2)
Year of residency, n (%)

-R1 106 (29.0)
-R2 105 (28.8)
-R3 88 (24.1)
-R4 66 (18.1)

In the component investigating knowledge, 64% of PHR
reported that they recommended influenza vaccination
to their patients as per guidelines from the Ministry
of Health. An additional 19.5% declared they recom-
mended influenza vaccination based on their clinical
evaluation alone and 15.3% of medical residents did not
recommend influenza vaccination, leaving patients free
to decide. Only 1.4% did not recommend influenza vac-
cination at all.

Of the PHRs respondents in this study, 52% did not
check any information sources about influenza vaccina-
tion, 28% report having read scientific reports (scientific
literature, Center for Disease Control and Prevention,
European Centre for Disease Control and Prevention,

World Health Organization), and only 10% declaring
they had read recommendations from the Italian Minis-
try of Health. In 2011-2012, the main reason for influen-
za vaccination uptake, as reported by the 123 PHRs who
were vaccinated, was to avoid virus diffusion among
relatives and the general population (69.9%). However,
the main reason for not being vaccinated against influ-
enza in 2011/2012 was “I do not consider myself in a
high risk group for developing influenza and its compli-
cations” (data not shown in Table).

In the component investigating attitudes, 81 PHRs
(22.2%) were vaccinated for seasonal influenza dur-
ing the 2010-2011 influenza vaccine campaign. During
the 2011-2012 influenza vaccine campaign, 123 PHRs
(33.7%) were vaccinated for seasonal influenza (data
not shown in Table).

Table II reports KAP (knowledge attitudes and prac-
tice) towards influenza vaccination. 61.1% of the sam-
ple was never vaccinated in the previous five years. For
80.8% of participants the occurrence of the Pandemic A
(HINT1) influenza and the subsequent campaign did not
impact their practice and attitudes towards the influenza
vaccination.

Moreover, 48.2% (n = 176) of PHRs suggested that train-
ing and organisation of multidisciplinary courses on in-
fluenza vaccination, are the best strategy for increasing
influenza immunization rate among Italian health care
workers (HCW). The next most frequently recommend-
ed course of action was to improve University training
(during degree and postgraduate medical schooling) on
influenza and vaccinology (23.3%; n = 85) (data not
shown in Table).

Factors associated with vaccine uptake during the 2010—
2011 and the 2011-2012 influenza seasons are presented

Tab. II. Attitudes, behaviours and perception on influenza vaccination of the 365 Italian PHRs responding to the survey.

n =365
Personal experiences of influenza vaccination for the previous five years (2004-2008)
- never 223 (61.1)
- for one to three years 103 (28.2)
- more than three years 39(10.7)
Main information sources on influenza vaccination, n (%)
- none 190 (52.0)
- recommendations of Health Minister 37 (10.1)
- mass media 31(8.5)
- scientific reports (Literature, CDC, ECDC, WHO) 103 (28.3)
- other sources (blog, youtube, facebook, etc.) 4(1.1)
Attitude to recommend influenza vaccination for patients, n(%)
- Not recommended 501.4)
- No, leaving patients to their free will 56 (15.3)
- Yes, according to the recommendations of the health minister 233 (63.8)
- Yes, according to my clinical evaluation 71 (19.5)
Pandemic A (H1N1) influenza modified attitudes on influenza vaccination, n(%)
-No 295 (80.8)
- Yes, less predisposed to influenza vaccination 27 (7.4)
- Yes, less predisposed to vaccinate patients 14 (3.8)
- Yes, less predisposed to vaccinate myself and patients 27 (7.4)
- Yes, more prone to update on influenza vaccination 2(0.5)




in Table III. In the multivariate analysis, 2010-2011 up-
take of seasonal influenza vaccination was strongly asso-
ciated with being male (adj-OR 3.43; 95%CI: 1.5-7.84)
and with having received more than three vaccinations
in the previous five years (adj-OR 29.44; 95%CI: 6.4-
135.04). Vaccination against 2011-2012 seasonal influ-
enza was significantly associated with having had one
to three (adj-OR 11.56; 95%CI: 6.44-20.75) or more
than three (adj-OR 136.43; 95%CI: 30.8-604.7) vacci-
nations against influenza in the previous five years and
with the respondent’s participation in vaccination cam-
paigns targeting general population during the period of
the participant’s residency programme. (adj-OR 1.85;
95%CI: 1.01-3.41)

Discussion

As previously reported in literature, the uptake of sea-
sonal influenza vaccine (22.2% in 2010-2011 season
and 33.7% in 2011-2012 season) among PHRs has in-
creased over the past few years, but remains below the
national and European target (75% of minimum cover-
age recommended) [9, 13, 17].

The main reason for vaccine uptake among HCWs, as
supported by other studies, is that vaccination protects
family members, friends and patients from being infect-
ed [10, 11, 21].

ITALIAN PUBLIC HEALTH MEDICAL RESIDENTS AND INFLUENZA VACCINATION

Somewhat contradictory to this, due to the role of Ital-
ian PHRs, they consider the risk of transmitting influ-
enza as being very low, insufficient to justify influenza
vaccination (70.2%; an increase of 8.6% in 2011/2012
compared to 2010/2011). These findings support several
studies conducted at local and regional level [10-12].
Furthermore, in comparing Italian findings with simi-
lar contexts, a decreasing trend in influenza vaccina-
tion coverage can be observed among the whole French
Medical Residents (with a rate of 45.6% in 2008 and
65.6% in 2007). 19.6% of the French MRs declared they
were not willing to receive influenza vaccination for the
next seasonal campaign [21].

While our study’s sample covers only a specific target of
adults (the majority are over 30 years of age), we could
extend results to our medical doctors population.

La Torre et al. stated that 30-49 years HCWs were less like-
ly to get the vaccination compared to younger colleagues
(adj-OR=0.66; 95% confidence interval, CI: 0.52-0.83) and
females also are less likely to get vaccinated (adj-OR=0.64;
95%ClI: 0.51-0.8) [10].

Previous studies focusing on the HINI campaign,
showed that Italian medical doctors use different types
of information sources, including Internet (41.5%) and
hospital internal communication (33.1%) [11].

In our study the majority of interviewees declared they
did not get any information on the seasonal vaccination
campaign at all, nor received it from scientific reports.

Tab. lll. Multivariable logistic regression analysis of factors involved in the decision to get vaccinated during the 2010-2011 (A) and 2011-2012

influenza season (B) of the 365 Italian PHRs responding to the survey.

A: B:
Vaccine uptake during Vaccine uptake during
the 2010-2011 season the 2011-2012 season
Crude OR Adj OR Crude OR Adj OR
(95%CIs) (95%CIs) (95%CIs) (95%CIs)

Gender
- females Referent Referent Referent Referent
- males 1.66 (1.01-2.73) 3.43 (1.5-7.84) 0.95(0.61-1.49) 0.91 (0.51-1.64)
Age, in years
-<29 Referent Referent
-29to 31 0.86 (0.44-1.69) 0.89 (0.51-1.58)
->31 1.48 (0.8-2.74) 1.14 (0.67-1.96)
Year of residency
-R1 Referent Referent
-R2 1.07 (0.55-2.1) 1.15 (0.65-2.06)
-R3 1.34 (0.68-2.66) 1.2 (0.65-2.19)
-R4 1.29 (0.62-2.71) 1.5(0.79-2.86)
Influenza vaccination
in the previous 5 years
- never NC - Referent Referent
- yes, from one to three times Referent Referent 12.5(7-22.4) 11.56 (6.44-20.75)
- yes, more than three times 24.81 29.44 153.4 136.43

(5.67-108.5) (6.4-135.04) (34.8-676.9) (30.8-604.7)
Partecipation to vaccination 1.9 1.88 15 1.08
campaigns among HCWs (1.1-3.2) (0.77-4.58) (0.9-2.4) (0.56-2.08)
Partecipation to vaccination 319 1.87 2.9 1.85
campaigns among general (1.91-5.34) (0.83-4.25) (1.8-4.6) (1.01-3.41)
population
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Only a few respondents reported use of mass media
or unofficial Internet sources. This result suggests that
PHR are not active seekers of information on influenza
or influenza vaccination and instead need to be treated
as passive, with information delivered in the most easy-
to-use and accessible manner. PHRs who took part in
this study showed little interest in anti-immunization
information sources or materials. Information use is rel-
evant to understand subsequent attitude towards immu-
nization: public trust is also risen by correct information
through media and national campaign [22].

PHRs participating in this study do not accurately per-
ceive threat or severity of influenza, and this directly
translates to their lack of promoting vaccination to pa-
tients. Their behavioural intent is influenced by their per-
ceived lack of threat and their variable evaluation of the
benefits of vaccination. PHRs recognize the importance
of the problem and acknowledge that there is a need
for more information and awareness on the topic. Same
attitude was retrieved in one example of public health
intervention called Intervention Mapping. This was
defined as an organisational theory for the planning of
the health promotion regarding the Influenza campaign
which the vaccination is a benefit in health to succeed
and the audience is supposed to understand the reasons
and methods which drive to it. Emotional and Impulsive
reactions distinguish between a reflective system and an
impulsive mechanism: the first generates decision and
judgement which influences behaviour while the impul-
sive system seeks pleasure and avoids delusion. During
the one’s attitude determination, many elements of the
organisational field were showing the representation of
different behaviours: building and transmitting informa-
tion actively, meetings, convenient access and timetable
arrangements [23].

While many PHRs consider the risk of transmitting in-
fluenza as being very low, insufficient to justify influ-
enza vaccination, the perceived benefits of accepting
vaccination against influenza have to do with protecting
family members, friends and patients from being infect-
ed. This suggests an understanding of perceived suscep-
tibility and severity of influenza that is not extended to
the individual themselves. In other words, PHRs may
see themselves as carriers and transmitters of influenza
in hospital but not in the community and not potential
victims. Perception of risk can influence the vaccine at-
titude either for the fact that adverse events are more
visible than benefits either because this decision can be
amended later, when necessary. Mainly, the most impor-
tant perception is the self perception of benefits instead
of risk. (46% wanted to be a role model and between
them, 80% received Pandemic vaccination) [24].
Moreover, PHRs attitudes about influenza vaccine up-
take was related to a first-person involvement during
post-graduate training programme in flu vaccination
campaigns among general population. This evidence
should result in a standardization and harmonization of
European postgraduate medical school courses to pro-
mote positive influenza vaccination attitudes.

Nevertheless, vaccination history and behaviours al-
ready adopted are clearly the strongest factors associated
with influenza vaccine uptake among PHRs, and future
campaign should also consider using approaches such
as positive deviance to motivate non-vaccinated to vac-
cinate and, in turn, promote vaccination [25].

Positive deviance and similar community-driven ap-
proaches permit PHRs to take part in the development of
campaigns, drawing on their personal experiences with
vaccination and jointly developing plans and strategies
to motivate vaccination uptake and active HCW-parent
vaccination promotion within their community.

The main limitation of this study was as follow. The
questionnaire is not a highly reliable mean of anony-
mous investigation if administered by e-mail. Despite
this, Llupia et al. compared self-reported data on influ-
enza vaccination to real coverage and concluded that
the former is a good proxy, although it might somewhat
overestimate the actual uptake [15].

Another limit of this study was the possible economic and
environmental influences that are less explored which
could also account for differences in promoting vaccina-
tion. For example, study outcomes can also be explained
by socioeconomic determinants, which show a relation-
ship between higher socioeconomic background charac-
teristic and lower uptake of influenza vaccination [26, 27].
In conclusion, the risk perception in HCW may need
to be addressed in future campaign. Future behavioural
communications direct to change management in the
health care sector campaigns targeting PHRs and health-
care workers should consider emotional and social re-
sponsibility elements relevant to stress on.
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