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Implicazioni epidemiologiche 
e zootecniche del periparturient egg rise
nell’allevamento ovino

M.T. MANFREDI

Dipartimento di Patologia Animale, Igiene e Sanità Pubblica Veterinaria, Università degli Studi di Milano

Parole chiave: parassiti, nematodi gastrointestinali, pecora, peripartu-
rient egg rise.

Le malattie parassitarie e le infestazioni da nematodi gastrointestinali
(NGI) in particolare, costituiscono una presenza costante negli alleva-
menti dei piccoli ruminanti e sono responsabili di riduzione delle pro-
duzioni con perdite valutate fino al 20%. Tuttavia la loro presenza è co-
munemente sottostimata anche in considerazione della mancanza di
una sintomatologia clinica caratteristica ed eclatante. La situazione
epidemiologica italiana, relativamente alle parassitosi ovine, è scarsa-
mente aggiornata; una recente revisione illustra una presenza impor-
tante dei protozoi del genere Eimeria, dei NGI, dei nematodi bronco-
polmonari (protostrongilidi e Dyctiocaulus) e di Dicrocoelium dendri-
ticum nelle greggi ovine allevate in Italia (Garippa et al. 2008). Tra gli
endoparassiti, i NGI svolgono un ruolo non trascurabile come testi-
moniano sia gli elevati valori di prevalenza sia la numerosità delle spe-
cie parassitarie coinvolte nelle infestazioni. Il livello di parassitismo si
mantiene elevato anche nelle aziende in cui la gestione appare ottima-
le ed è essenzialmente riconducibile alle peculiarità dell’allevamento
ovino che si basa sullo sfruttamento del pascolo in tutte le regioni ita-
liane. Il pascolo, rappresenta, infatti, il principale fattore di rischio per
l’acquisizione della maggior parte delle specie parassitarie che colpi-
scono gli ovini. I NGI delle pecore hanno una grande diffusione in
virtù delle peculiarità del loro ciclo biologico (periodo di prepatenza
molto breve, larve infestanti molto resistenti nell’ambiente…) e delle
strategie adottate dal parassita per perpetuarsi nella popolazione ospi-
te. Nella popolazione adulta, i NGI, infatti, hanno una distribuzione
sovradispersa caratterizzata dalla presenza di pochi parassiti in un ele-
vato numero di ospiti e dalla massiccia presenza di NGI in uno scarso
numero di ospiti, circa il 20% degli infestati. Tali soggetti eliminano un
grande numero di uova e quindi garantiscono la sopravvivenza di una
numerosa progenie del parassita. La distribuzione dei NGI nella popo-
lazione ospite è per altro influenzata dall’età, dal sesso e dallo stato fi-
siologico dell’ospite. In particolare, la riduzione dell’immunità acqui-
sita nei confronti di tali nematodi in prossimità del parto e le conse-
guenze sull’epidemiologia delle infestazioni è ben documentata nella
pecora (Armour 1980; Michel 1976; Barger 1993; Gibbs 1986). Tale al-
terazione nella risposta immunitaria provoca un aumento delle uova
escrete nelle feci nel periodo compreso tra 2 settimane prima del par-
to a 8 settimane dopo il parto (periparturient egg rise-PPER). La dimi-
nuzione di efficienza della risposta immunitaria è temporanea e sem-
bra essere dovuto alle modificazioni della concentrazione nel sangue
della prolattina in prossimità del parto. La risposta immunitaria si ri-
stabilisce rapidamente quando i livelli dell’ormone cadono, alla fine
del periodo di lattazione o nei casi in cui gli agnelli siano svezzati pre-
cocemente. L’aumento delle uova prodotte in questo periodo può esse-
re conseguente ad un aumento della popolazione di parassiti per ma-
turazione di larve ipobiotiche a seguito della riduzione della risposta
immunitaria dell’ospite o per aumentata capacità delle larve infestanti
di insediarsi nell’ospite. Inoltre, grazie alla diminuita efficienza della
risposta immunitaria i parassiti già presenti nell’ospite manifestano un
aumento della fecondità.
Attualmente, si ritiene che la riduzione dell’efficienza immunitaria nei
confronti dei parassiti nel periodo del periparto sia in gran parte dovu-
ta a fattori nutrizionali, e nello specifico all’aumento delle richieste nu-

tritive alla fine della gravidanza o durante la lattazione quando non
vengono adeguatamente soddisfatte da una corretta supplementazione
alimentare. Per altro, è stato dimostrato che, se le esigenze nutrizionali
sono minori come nelle capre o nelle pecore con gravidanze monofeta-
li, il grado di PPER è meno elevato rispetto a quello che si può rilevare
nei soggetti con gravidanze gemellari. Infatti, la carica di parassiti e an-
che l’escrezione di uova nelle pecore con gravidanze monofetali risulta-
no inferiori. Infine, appare evidente che le differenze in PPER osservate
in pecore di razze diverse potrebbero essere legate al differente poten-
ziale produttivo e quindi alle diverse esigenze nutrizionali piuttosto che
a fenomeni di resistenza legati al patrimonio genetico di una razza
(Houdijk, 2008).
Il PPER ha importanti ripercussioni relativamente all’epidemiologia del
parassita; l’elevata escrezione di uova da parte delle pecore adulte coin-
cidente con il periodo dei parti comporta da un lato l’infestazione degli
animali giovani che consentono al parassita di riprodursi più facilmen-
te. Un’ulteriore conseguenza, non trascurabile, è l’aumento del livello di
contaminazione ambientale in un momento in cui le condizioni clima-
tiche dei pascoli sono favorevoli allo sviluppo e alla sopravvivenza lar-
vale. Sul piano delle implicazioni zootecniche, sia negli agnelli nel cor-
so della fase iniziale di acquisizione di immunità sia nelle pecore du-
rante il periodo del periparto, l’infestazione a carico dell’abomaso o del
piccolo intestino induce una carenza proteica indotta dalla ridotta as-
sunzione di alimenti conseguente alla depressione dell’appetito che è
reversibile se gli animali ricevono un adeguato supplemento proteico
(Sykes e Greer, 2003). Appare evidente da queste asserzioni, l’importan-
za di monitorare l’escrezione di uova dei parassiti negli ovini infestati e
soprattutto considerare il fenomeno del PPER nei programmi di con-
trollo dei NGI delle pecore. Ciò consentirebbe di effettuare interventi
mirati, efficaci e nel contempo di applicare un programma di controllo
rispettoso della sicurezza ambientale e in cui i rischi di farmaco-resi-
stenza siano ridotti.

❚ Epidemiological and zootechnical effects of periparturient
egg rise in sheep

Key words: parasite, gastrointestinal nematodes, sheep, periparturient
egg rise.
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Peri Partum Rise: le soluzioni Pfizer

A. SORIOLO

National Veterinary Manager Pfizer Italia

Durante il periparto, assistiamo all’aumento dell’eliminazione di uova
di parassiti gastrointestinali da parte delle pecore. Questo evento si ma-
nifesta a partire dalle 2-3 settimane prima del parto e si protrae per le
6-8 settimane dopo il parto. Il fenomeno è condizionato da vari fattori:
– genetici
– endocrini
– immunologici
– alimentari.

Il controllo dei parassiti gastrointestinali nel periodo del periparto con-
sente un aumento della produzione di latte ed un maggiore incremen-
to ponderale degli agnelli.
Pfizer, grazie alla sua gamma di prodotti antiparassitari, in particolar
modo di Cydectin soluzione orale 0,1%, è in grado di offrire al Veteri-
nario strumenti efficaci per il controllo dei parassiti durante il periodo
del periparto.
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Biology of Coxiella burnetii
and host response to infection

A. RODOLAKIS, D. COCHONNEAU

INRA UR1282 Infectiologie Animale et Santé Publique F37380 Nouzilly France

Coxiella burnetii, the agent of Q fever, a worldwide zoonosis, is conside-
red as a highly efficient pathogen because the estimate of its infectivity
for humans ranges from 1 to 10 organisms (Tigertt et al., 1961), even if
most of these infections are asymptomatic. C. burnetii is extensively di-
stributed in nature and able to infect many animal species including
mammals, birds, reptiles and arthropods. (Maurin and Raoult, 1999). As
in humans, C. burnetii’s infection in animals is frequently subclinical,
but in mammals, it may cause reproductive disorders likeas abortions
and stillbirths. Metritis and infertility are frequently the main clinical si-
gns of infection in cattle herds. Infected livestock, especially goats, sheep
and cattle are considered as the main reservoir for human Q fever, as
they shed a huge number of bacteria in placenta and birth fluid after
abortion or parturition. They also excreted smaller numbers of the or-
ganism in vaginal mucus, urine, faeces and milk but this shedding may
persist over several months (Guatteo et al., 2006; To et al., 1995).
As inhalation of infectious aerosol or airborne dust is the most com-
mon mode of transmission of the disease from animals to human or to
other animals, the spreading in fields of manure from infected herds
may be an important source of contamination because the wind may
propagate the disease over large distances.
In addition cats and dogs can be a source for human infection (Buha-
riwalla et al., 1996; Komiya et al., 2003; Langley et al., 1988) especially if
they ingest infected placentas and fetuses.
1. BACTERIOLOGY - C. burnetii is a small gram-negative intracel-
lular pleomorphic cocobacillus (0.2 to 0.4 µm wide and 0.4 to 1µm
long). Historically the bacterium belonged to the order Ricketsiales,
however the gene sequence analysis of the complete genome of C. bur-
netii Nine Mile classifies the Coxiella genus in the order Legionellale, fa-
mily Coxieallaceae with the genera Ricketsiella and Aquicella (Seshadri
et al., 2003). 
C. burnetii multiplies by transverse binary fission through a develop-
mental cycle presenting superficial similarities with thatose of Chlamy-
dia (Heinzen et al., 1999). 
1.1 Developmental Cycle (Fig. 1) - The intracellular developmental
cycle of C. burnetii involves three morphological and functionally di-
stinct cell types: large cells variants (LCVs), small-cell variants (SCVs)
and small dense cells (SDCs). The LCVs, as the reticulate bodies of ch-
lamydiaChlamydia, are the osmotically sensible intracellular forms that

which are metabolically active. The SCVs and SDCs, which that are the
extracellular forms of the bacteria, resistant to osmotic pressure, are
morphologically identical, but they could be separated by their sensiti-
vity (SCVs) or resistance (SDCs) to French pressure treatment at 20 000
psi (Samuel et al., 2003).
The SCVs and SDCs enter into the eukaryotic cells by microfilament-
dependent parasite directed endocytosis (Baca and Paretsky, 1983).
Around 2 hours after internalization the Coxiella containing phagoso-
me fuses with lysosomes that which acidifie the vacuole. C. burnetii has
an absolute requirement of this acidic pH (4.8) to activate metabolism
(Heinzen et al., 1999) and allow the differentiation of SCV to LCV, a
process that which takes 1-2 days to occur. LCV forms predominated
over the next 4 days, during which exponential growth iswas observed.
Stationary phase starts at approximately 6 days after the entrance into
the host cell and coincides with the reappearance of SCV, due to a LCV-
to-SCV condensation, similar to the chlamydial reticulate body, to ele-
mentary body differentiation. The SCVs increase in number at 8 days
after the entry into the host cell (Coleman et al., 2004).
The morphological differences between the LCVs, SCVs, and SDCs,
correlate with different protein composition. In particular, the major
outer membrane protein P1, that which functions as a porin, is absent
in SDCs (McCaul et al., 1991), that and isare responsible of for the en-
vironmental stability of C. burnetii. Since C. burnetii is very resistant,
highly infectious and transmissible by aerosol, hardly little affected by
extreme environmental conditions, it is classified as a category B biolo-
gical weapon.
1.2 Survival - C. burnetii is able to survive in an extra cellular envi-
ronment. Survival of C. burnetii for long periods in contaminated
foods, buildings and pastures has resulted in human and animal infec-
tions (Babudieri, 1959; Schulz et al., 2005; Stein and Raoult, 1999; Tis-
sot-Dupont, 2009; Yanase et al., 1998).
The microorganism is resistant to outdoor conditions (elevated tempe-
rature, ultraviolet light, osmotic, shock and desiccation). For example,
C. burnetii can survive at 20-22°C during more than 5 months in water,
more than 6 months in 10% salt solution (9 months at 4°C), 6 months
in dried guinea pig blood, 48 months in ticks feces, (Williams, 1991).
C. burnetii is also resistant to chemical disinfectants. Formaldehyde gas
failed to consistently inactivate 105 C. burnetii in a large room without
humidity control, while seeded C. burnetii, seeded onto membrane filters
in a small sealed chamber, are inactivated by overnight exposition to hu-
midified formaldehyde gas or ethylene oxide (Scott and Williams, 1990).
Liquid suspension of 108 C. burnetii is inactivated in 30 min in 70% ethyl
alcohol or 5% chloroform or 5% of Enviro-Chem (Chem Sales Ellicot
City MD USA), a mixture of 2.25% N-alkyl dimethyl benzyl, 2.25%
ethylbenzal and ammonium chlorides.(Scott and Williams, 1990). The
treatment of slurry by calcium cyanamid 0.6% during one week allows
the inactivation of C. burnetii (Arricau-Bouvery et al., 2001). 
C. burnetii may also persist in the environment due to ticks, thatwhich
are considered to beas the natural primary reservoirs of C. burnetii, and
are responsible for the spread of the infection in wild animals and for
the transmission of C. burnetii from wild to domestic animals. Ticks
transmit C. burnetii vertically to their progeny and horizontally to wild
animals especially rodents and sometimes ruminants. C. burnetii was
identified in more than 40 tick species of 12 genera. The feces of ticks
infected with C. burnetii have very high concentrations of viable orga-
nisms which may persist for long periods (at least 586 days) in the en-
vironment (Kazar, 2005).
In addition C. burnetii could survive in free-living amoebae (Moliner et
al., 2009).
1.3. Phase variation - C. burnetii has a cell wall similar to that of
Gram-negative bacteria. When it is propagated on cell culture or em-
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Figure 1 - Intracellular developmental cycle of C. burnetii in the
eukaryotic cells.
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bryonated hen’ eggs, its outer membrane varies after several passages.
This variation, called phase variation, is similar to the smooth to rough
lipopolysaccharide (LPS) transition of Enterobacteriaceae (Baca and
Paretsky, 1983). Coxiella expressing a complete LPS (phase I bacteria)
are virulent and isolated from infected hosts. They resist to comple-
ment-mediated serum killing contrary to avirulent phase II C. burnetii
which presented a truncated form of LPS that lacks the O-polysaccha-
ride chain, characteristic of “phase I” LPS (Toman and Skultety, 1996). 
1.4 Virulence factors - The knowledge of the virulence determinants
of C. burnetii has been hampered by the lack of methods for genetic ma-
nipulation, as well as accurate methods for assessing the virulence of the
strains. However the ability of C. burnetii to grow in a usually bacterici-
dal environment is likely a crucial virulence factor. C. burnetii is the only
known bacterium that replicates into a phagolysosome that which is un-
distinguishable from a secondary lysosome (Voth and Heinzen, 2007).
Full-length LPS is the only defined virulence factor of C. burnetii (Moos
and Hackstadt, 1987). The comparison of the whole-genome sequence
of two strains isolated from human endocarditis with those of C. burne-
tii Nine Mile, supposed to be representative of human acute disease iso-
lates, and C. burnetii Dugway, considered as less virulent than the others
(Seshadri and Samuel, 2005), revealed disparate collection of pseudoge-
nes that which may contribute to virulence isolatione virulence (Beare et
al., 2009b), but their role needs to be confirmed.
1.5 Typing - Although only one serotype has been described for C.
burnetii, antigenic and genetic differences between strains have been re-
ported. These studies were mainly undertaken to distinguish the strains
inducing acute Q fever from those leading to chronic forms of the di-
sease in humans. Thus, using SDS PAGE and immunoblotting on LPS
(Hackstadt, 1986; Hotta et al., 2003; To et al., 1998a; To et al., 1995) or
outer membrane proteins (To et al., 1998b), strains can be classified in-
to groups containing almost exclusively isolates from human cases of
chronic Q fever different from those including strains from milk, ticks
or from human cases of acute Q fever.
Depending on plasmid types (Samuel et al., 1985) or DNA restriction
fingerprints (Hendrix et al., 1991), two groups of chronic disease isola-
tes bearing QpRS plasmid or plasmid related sequences integrated into
chromosome could be distinguished, each having unique restriction
fragment length polymorphism (RFLP) patterns of chromosomal
DNA. Three similar but distinct RFLP patterns were seen among the
group of acute disease isolates that bear QpH1 plasmid. Three additio-
nal isolates included in this study exhibited a unique RFLP pattern and
also had a unique plasmid type, designated QpDG. These results were
in agreement with those of Nguyen and Hirai (Nguyen and Hirai, 1999)
who classed 19 isolates from various geographic origins in 3 groups, ac-
cording to the sequence of the isocitrate dehydrogenase (icd) gene of
Coxiella burnetii Group 1 contained isolates originating from acute ca-
ses of Q fever, ticks and cows. Groups 2 and 3 included isolates from ch-
ronic Q fever patients and a prototype strain from an aborted goat. Si-
milar results were obtained with the gene com1 on 21 stains (Zhang et
al., 1997). Glazunova et al (Glazunova et al., 2005) attempted to corre-
late multispacer sequence typing (MST) with the ability of strains to in-
duce chronic infection in human. MST yielded 30 different allelic com-
binations (sequence type or ST) from 173 strains from different geo-
graphical and host origin, but the hosts were not described contrarily y
to the geographical origin. The phylogenic analysis showed 3 major clu-
sters: the cluster 1 corresponded to plasmid QpRS and QpDV and to
group II and III of com1 RFLP typing. The strains bearing plasmid
QpH1 were classed in the clusters II and III, the cluster II corresponded
to group I and V of com1 RFLP typing, and the cluster III to group I and
VI. The authors found one ST, ST8, specific of chronic disease and four
ST, ST1, ST4, ST16 and ST18 specific of acute disease.
But the relationship between molecular typing and pathotype is still
controversial. QpH1 plasmid was found in isolates from chronic Q fe-
ver patient (Stein and Raoult, 1993; Thiele and Willems, 1994) and iso-
lates without the QpH1 plasmid were able to cause acute disease (Stein
and Raoult, 1993). In addition pulsed field gel electrophoresis (PFGE)
and RFLP patterns of 80 Coxiella burnetii isolates derived from animals
and humans in Europe, USA, Africa and Asia allow the distinction of
twenty different groups that corresponded to the geographical origin of
the isolates but no correlation between restriction groups and virulen-
ce of isolates was detected (Jager et al., 1998).
Multiple loci variable number of tandem repeats analysis (MLVA) was
used by two teams to classified sixteen isolates mainly from ticks (8 iso-
lates) or human (5 isolates) origin (Svraka et al., 2006) and forty two

isolates mainly from ruminants (32 isolates) (Arricau-Bouvery et al.,
2006). MLVA allows the identification of 36 different genotypes among
the 42 isolates that which match well with the plasmid groups. The ML-
VA clustering is in agreement with MST data (Glazunova et al., 2005),
but the major interests of the two typing methods are that they are ea-
sily reproducible and provide useful tools for epidemiological studies
(Chmielewski et al., 2009). In addition they could be used on DNA ex-
tracted from clinical samples without needing of strain isolation in or-
der to find the source of human contamination (Klaassen et al., 2009)
or to study the circulation of C burnetii inter or intra herds (Dusquesne
et al., 2007) allowing to identifyied the major strains present in an area.
Thus the sequencing of the pseudo gene Cox 18 of 23 vaginal samples
from 3 caprine herds and one ovine flock from the south east of Fran-
ce (Dusquesne et al., 2007) showed that only 2/9 alleles described for
Cox18 (Glazunova et al., 2005) were present in small ruminants from
this part of France with one predominant allele found in 21/23 animals.
But it also established that 2 strains may be present in the same flock
and in the same animal too. Such results could mean that an animal in-
fected by one strain could be surinfected by another strain. However we
demonstrated in mice that a primo-infection by one strain induces an
efficient immunity and protects against a virulent challenge by another
strain even with a very high dose. So the only way to find two strains in
the same animal, except a laboratory artifact, seems to be a co-infection
by the 2 strains at the same moment (unpublished data).
2. IMMUNOLOGY - Phase I C. burnetii are is able to infect mononu-
clear phagocytes that which appear to be unable to control bacterial
growthth in naïve animals.
2.1 Humoral immunity - The role of antibodies has been overlooked
a long time and is still controversial but as early as in the forties, Burnet
and Freeman haves described the passive protection of mice and guinea
pigs with C. burnetii antiserum (Shannon and Heinzen, 2008). In addi-
tion specific antibodies accelerate the clearance of the bacteria, but the
precise mechanism by which they contribute to immunity have not
been determined (Shannon and Heinzen, 2008).
Infection and vaccination with C. burnetii in animals and humans in-
duced significant antibody responses against C. burnetii antigens
(Behymer et al., 1976; Berri et al., 2002; Guigno et al., 1992). The anti-
body response becomes detectable by ELISA 2 to 3 weeks after infection
as observed in experimental infection of cows (Plommet et al., 1973) or
pregnant goats (Arricau Bouvery et al., 2003). The antibody titre gra-
dually increased up during 3 to 4 months. It remained positive during
15 months in the majority of the experimentally infected cows. In na-
turally infected animals these antibodies may persist several years
without reproductive disorders or shedding (Berri et al., 2002), while
other animals remained seronegative and excrete Coxiella. This serone-
gative response of infected animals shedding C. burnetii was observed
in an experimental infection, since one goat that aborted after being
inoculated with the higher dose (108 Coxiella) did not become seropo-
sitive (Arricau Bouvery et al., 2003), and also frequently in naturally in-
fected flocks (Berri et al., 2001; Rodolakis et al., 2007a; Rousset et al.,
2007). For example, during a 2 years survey of a group of 34 naturally
infected ewes, the 2 ewes that shed C. burnetii for the longer period of
time remained seronegative (Berri et al., 2001; Berri et al., 2002). This
could indicate that these ewes failed to develop a humoral response
against the bacteria, but we have demonstrated that it is only due to the
antigen used in the ELISA kit, as the C. burnetii Nine Mile strain, isola-
ted from a tick in 1935 (Davis and Cox, 1938) present shows antigenic
variations when compared to strains isolated from ruminants and de-
tects less positive sera by microimmunofluorescence than 3 C. burnetii
strains isolated from ovine and caprine (Rodolakis et al., 2007b).
The first antibodies produced are directed against phase II LPS, and in
humans high levels of anti-phase I IgG areis found in patient with ch-
ronic Q fever, while patients with acute Q fever present only antibodies
anti-phase II (Maurin and Raoult, 1999). In ruminants chronic Q fever
or persistent infections are poorly defined in animals and the eventual
difference of antibody response between acute or chronic infection has
to be investigated.
2.2 Cell mediated immunity - Cell-mediated immunity (CMI)
seems crucial for the elimination of the agent. This immune response
interferes locally by granuloma formation but also by a systemic re-
sponse which manifests itself by the activation of monocytes and ma-
crophages by interferon-γ (IFN-γ) resulting in the production of reac-
tive nitrogen and oxygen intermediates leading to intracellular killing of
C. burnetii (Waag, 2007).
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In pregnant goats experimentally inoculated, a strong maternal T-cell
response was detected in the inter-placentomal areas, but not in the pla-
centomes where only neutrophils and some macrophages were associa-
ted with the lesions (Sanchez et al., 2006).
Suppression of CMI in mice by corticosteroid treatment, pregnancy of by
gamma irradiation induces reactivation of persistent C. burnetii infection
(Sidwell and Gebhardt, 1966; Sidwell et al., 1964a, b) proving the extent
of the cellular immunity in the control of C. burnetii infection.
The role of the CMI in the protection and vaccination was mainly stu-
died in mice. The transfer of splenocytes from phase I vaccinated mice
into naive mice protects them against a virulent challenge indicating
that CMI plays an important role in the protective immunity elicited by
vaccination (Zhang et al., 2007).
2.2.1 Assessment of the cellular immunity in ruminants. Most of the
studies on CMI were performed on mouse models or on human sam-
ples, due to the availability of specific immunological reagents. Howe-
ver the cellular immune response of ruminants can be easily checked by
using a skin test (ST) (Fig. 2) or by whole-blood INF-γ assay.
The level of IFN-y in blood could be assessed by ELISA after 48 to 72 h
of incubation at 37°C of 1 mL of heparinized blood with 0.1 mL of vac-
cine Coxevax (unpublished data).
3. IMMUNOPATHOLOGY - In contrast to IFN-γ, IL-10, promotes the
multiplication of C. burnetii in human monocytes (Honstettre et al.,
2003) and IL-10 overproduction is associated in patients with the deve-
lopment of chronic Q fever (Honstettre et al., 2003). IL-10 is a pleio-

tropic cytokine exhibiting both pro and anti-inflammatory properties,
maintaining the balance between immunity to pathogens and patho-
logy that which could result of in uncontrolled immune response
(Shannon and Heinzen, 2008). The modulation of the immune respon-
se IFN-γ/IL 10 could be related to the host, the C. burnetii strain, but al-
so to the dose of Coxiella.
Risk factors of the hosts, such as heart valve abnormalities, pregnancy
or immunosuppression are well documented (Maurin and Raoult,
1999) contrary to the factors linked to the strain as shown by the con-
troversies around the genotype/pathotype correlation. Russell-Lodri-
gue et al (Russell-Lodrigue et al., 2009) compared the responses of im-
munocompetent and immunocompromised mice and guinea pigs to
the inoculation of 8 C. burnetii strains belonging to 4 genomic groups,
two of which supposed associated with chronic disease. They showed
differences of virulence and of levels of cytokines production according
to the genomic group, but failed to demonstrate that some strains in-
duce a lower level of IFN-γ associated with an overproduction of IL-10
characteristic of a chronic evolution. In contrast we revealed the inci-
dence of the dose of Coxiella on the Th1/Th2 response of mice. Indeed
mice inoculated with 105 C. burnetii CbC1 developed an efficient im-
mune response with a weak level of IL10 and a high level of IFN-γ that
which reached a peak after 2 weeks. In contrast, the mice inoculated
with 107 C. burnetii CbC1 produced a low level of IFN-γ and a very hi-
gh level of IL-10 that which could evoke an evolution towards a chro-
nic disease (Fig. 3).
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Figure 2 - Skin test on vaccinated cows 72 h after intradermal inoculation in the neck of 0.1 mL of the vaccine Coxevax (CEVA Sante Ani-
male France) diluted 1/3. The ST was considered as positive when a nodular area > 1cm was observed. (A). The result is expressed by a sco-
re 0-4 score A = 1, B = 4.

A B

Figure 3 - Comparison of cytokine productions between three infectious doses of CbC1 C. burnetii at different time point post challenge.
The cytokine concentration was measured by ELISA. Data were expressed by median and interquartile range of 6 mice/time point. (A) Higher
level of IFN-g was observed in mice inoculated with 105 bacteria specially the 2nd week. (B) Over production of IL-10 was measured in mice
inoculated 107 Coxiella.

A B
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3.1 Inflammatory response and abortion - The full length phase I
LPS does not stimulate macrophages. Phase I C. burnetii can infect and
growth within human dentritic cells that which usually serve to detect
the presence of pathogens, without inducing the maturation or inflam-
matory cytokine production by these cells (Shannon et al., 2005). In
contrast to phase I LPS, the truncated phase II LPS induces dramatic
maturation and inflammatory cytokines production that which is ag-
gravated by adjuvants in adjuvated inactivated phase II vaccines. Mice
vaccinated with such a vaccine, ChlamyvaxFQ (Merial Lyon France)
produced 35 times more IFN-γ than those vaccinated with the phase I
vaccine Coxevac (CEVA Sante Animale Libourne France) as well as
other inflammatory cytokines (Figg. 4 and 5).
But only phase I vaccine protects against a virulent challenge. The same
results were obtained in goats. This so high level of inflammatory cy-
tokines could explain why, in experimental conditions the goats vacci-
nated with the phase II Chlamyvax FQ vaccine aborted before the un-
vaccinated control goats (Arricau-Bouvery et al., 2005). Indeed inflam-
matory cytokines such as IFN-γ, produced in response to infection at the
maternal-fetal interface have been postulated to predispose to abortions
(Bouakane et al., 2003; Buxton et al., 2002; McCafferty et al., 1994).
4. CONCLUSION - Numerous questions are still unresolved. The
availability of several genome sequences and the development of gene-
tic tools (Beare et al., 2009a) for functional analysis of virulence gene

would help to investigate the molecular mechanism of virulence of C.
burnetii. They would also facilitate various global gene expression, as
microarray, to explore the diversity of the strains (Seshadri and Samuel,
2005) and to obtain a better knowledge of Q fever in ruminants essen-
tial for the control of the disease.
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Febbre Q: aspetti epidemiologici in Italia

M. FABBI

Sezione Diagnostica di Pavia, Istituto Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna

Coxiella burnetii è l’agente eziologico della Febbre Q, una zoonosi bat-
terica descritta per la prima volta come causa di infezione nel persona-
le dei macelli in Australia negli anni ’301 e in seguito riconosciuta in
molti Paesi, tra cui l’Italia, dove le prime segnalazioni risalgono al 1944-
452. La Febbre Q è salita prepotentemente alla ribalta internazionale a
seguito della recentissima epidemia occorsa in Olanda tra il 2007 e il
2009, anni in cui si sono registrati migliaia di casi di malattia nell’uomo
e parallelamente una grande diffusione dell’infezione tra diversi alleva-
menti caprini di quel Paese.
Anche in Italia sono stati segnalati, anche abbastanza recentemente, al-
cuni casi di malattia nell’uomo sia a carattere epidemico che sporadico
verificatisi in seguito a contatto sia diretto sia indiretto con ruminanti
infetti (pecore e bovini) o loro prodotti3,4.
Diversi Autori hanno dimostrato nel nostro Paese la presenza e l’im-
portanza dell’infezione in diverse specie di ruminanti5,6. Di rilievo al-
tresì l’associazione di questa infezione anche all’aborto nel bufalo in
Campania7.
È noto che gli animali infetti possono eliminare C. burnetii nell’am-
biente tramite diversi escreti quali feci, urine, secreto vaginale, liquido
amniotico e secreti quali latte e colostro e recentemente è stata riporta-
ta anche l’escrezione di Coxiella burnetii in corso di mastite bovina in
forma subclinica. Anche se la via alimentare attraverso il latte e i suoi
derivati è ritenuta di scarso rilievo epidemiologico, alcuni dati di preva-
lenza sulla presenza di Coxiella burnetii nel latte crudo pone interroga-
tivi di sanità pubblica alla luce anche del diffondersi sia del consumo di-
retto di latte crudo non trattato termicamente sia della produzione di
formaggi pure con latte crudo non pasteurizzato.
Negli ultimi anni presso alcuni laboratori dell’Istituto Zooprofilattico
Sperimentale della Lombardia e dell’Emilia Romagna è stata intensifi-
cata la sorveglianza verso l’infezione da Coxiella burnetii nei ruminanti
ed in particolare nel bovino anche per la maggior vocazione territoria-
le all’allevamento di questa specie rispetto ad altre aree del centro-sud
Italia nelle quali è maggiormente diffuso l’allevamento ovi-caprino.
In particolare è stata condotta una indagine sul latte di massa con tec-
nica PCR per valutare la diffusione di Coxiella burnetii negli allevamen-
ti di alcune province della Lombardia (Pavia, Cremona, Mantova, Lodi)
Inoltre l’esame diretto ed indiretto verso Coxiella burnetii è stato inse-
rito di routine nelle indagini legate a problemi riproduttivi dei rumi-
nanti (bovini, ovini e caprini) quali aborto ed infertilità. Vengono rife-
riti anche i risultati di una indagine condotta in Piemonte sul latte cru-
do alla distribuzione e campionato presso i distributori automatici a di-
sposizione dei cittadini9.
Coxiella burnetii è stata dimostrata nel 5% dei casi in fenomeni di abor-
to ed infertilità nel bovino, nel 9,5% negli ovicaprini. L’11% dei cam-
pioni legati a forme respiratorie atipiche del bovino è risultato positi-

vodato da valutare con cautela in quanto il numero dei campioni non
appare sufficientemente significativo trattandosi di una casistica limita-
ta a 35 campioni. Per quanto attiene ai risultati sul latte questi mostra-
no valori di prevalenza di Coxiella burnetii intorno al 40% a seconda
delle province considerate8,10. Lo stesso dato emerge dalla regione Pie-
monte per il latte crudo campionato in fase di distribuzione9. Alla luce
di questi risultati, oltre al ruolo patogeno noto per gli ovi-caprini, ri-
mane da indagare meglio il ruolo patogeno del batterio nei bovini ed in
particolare nei riguardi dell’uomo; a fronte infatti di una prevalenza co-
sì elevata nei nostri allevamenti non sembra corrispondere una altret-
tanta patogenicità nell’uomo o per lo meno con sintomatologia clinica
rilevabile. Anche se sono segnalati casi di Febbre Q nell’uomo collegati
alla frequentazione e al contatto con allevamenti bovini, e noi stessi ab-
biamo potuto seguirne alcuni, ulteriori studi sulla possibile differente
virulenza tra ceppi di Coxiella burnetii provenienti da diverse specie di
ruminanti, così come ipotizzato per la recente epidemia in Olanda, po-
trebbero fornire ulteriori chiarimenti in merito.
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