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Sensibilità in vitro nei confronti dei principali
antibiotici da parte degli agenti di mastite
isolati nel Triveneto negli anni 2010-2014

C. CRESTANI1, M. MANCIN2, S. BONAMICO1, C. SEGALIN1, A. BUSA1, G. ROSA1,
B. DALL’AVA1, E. NANNONI3, F. OSTANELLO3, A. BARBERIO1

1 Istituto Zooprofilattico delle Venezie, Sezione territoriale di Vicenza
2 Istituto Zooprofilattico Sperimentale delle Venezie, Struttura complessa analisi del rischio e sorveglianza 
in sanità pubblica, Legnaro (PD)

3 Dipartimento di Scienze Mediche Veterinarie, Alma Mater Studiorum - Università di Bologna

INTRODUZIONE

La mastite è una patologia condizionata della ghiandola
mammaria ad eziologia batterica ampiamente diffusa nell’al-
levamento bovino da latte. Gli agenti eziologici di mastite so-
no estremamente diversificati sotto il profilo microbiologico,
patogenetico, clinico ed epidemiologico e l’incidenza della
patologia è spesso correlata a fattori ambientali e gestionali.
Le mastiti sono responsabili di gravi perdite economiche ri-
conducibili sia a costi diretti (latte scartato, terapie, spese ve-
terinarie) sia a costi indiretti (calo delle produzioni, riforma
anticipata e, sporadicamente, morte degli animali). La tera-
pia di queste infezioni rappresenta una delle più importanti
voci di spesa sanitaria dell’allevamento bovino da latte e
quindi la scelta del farmaco da utilizzare deve essere fatta te-
nendo in considerazione sia criteri di efficacia sia le proble-
matiche sanitarie legate allo sviluppo di fenomeni di anti-
biotico-resistenza, con possibile disseminazione di microrga-
nismi resistenti nell’ambiente, nel latte e nei suoi derivati. Per
i microrganismi responsabili di mastite, non esistono attual-
mente chiare evidenze scientifiche che supportino l’ipotesi di
un incremento della diffusione della resistenza agli antibioti-
ci1. Tuttavia, i risultati degli studi variano a seconda dei di-

versi Paesi (europei ed extraeuropei) e sono spesso tra di lo-
ro in contrasto. Infatti, se da un lato alcuni autori2 afferma-
no che la proporzione tra isolati batterici sensibili e resisten-
ti non sia variata negli anni e che la maggior parte dei pato-
geni mastidogeni siano generalmente sensibili agli antimi-
crobici più frequentemente utilizzati nella pratica clinica, al-
tri3 sostengono il contrario, indicando un chiaro aumento
della loro resistenza, evidente soprattutto per S. aureus verso
penicillina e ampicillina ed E. coli verso tetracicline, betalat-
tamici e lincomicina. Inoltre, è stato evidenziato come l’au-
mento dell’esposizione alla pirlimicina abbia un effetto di-
retto sull’aumento dello sviluppo di tratti di resistenza tra i
microrganismi appartenenti al genere Streptococcus4. Interes-
sante è anche quanto riportato da Tikofsky e coll.5 che han-
no osservato una generale maggiore sensibilità agli antibioti-
ci per i patogeni isolati da casi di mastite in bovine di alleva-
menti biologici, rispetto a quelli isolati da animali mantenu-
ti in allevamenti di tipo intensivo.
La problematica della resistenza microbica ai chemioterapici
rappresenta attualmente uno dei temi più rilevanti in campo
sanitario, non tanto per le resistenze di tipo intrinseco, che
naturalmente si osservano in batteri classificati all’interno di
uno stesso gruppo tassonomico, quanto per le resistenze di
tipo acquisito, risultato diretto della pressione selettiva eser-
citata dalle molecole antibiotiche sulla popolazione batteri-
ca. La sorveglianza dei fenomeni di antibiotico-resistenza ri-
veste quindi un importante significato: promuovendo un
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RIASSUNTO
Vengono riportati i risultati dei test di sensibilità in vitro agli antimicrobici (metodo Kirby-Bauer) effettuati su ceppi batterici
isolati da casi di mastite nel Triveneto, negli anni 2010-2014. I dati si riferiscono ai seguenti microrganismi: S. aureus e stafilo-
cocchi coagulasi-positivi (4694; 29,2%), Streptococcus. uberis e Enterococcus spp. (4549; 28,3%), stafilococchi coagulasi-negati-
vi (3099; 19,3%), E. coli (1467; 9,1%), Streptococcus dysgalactiae (1218; 7,6%), Streptococcus agalactiae (899; 5,6%). Sono stati
presi in considerazione anche 1175 ceppi di E. coli isolati da vitelli con patologia enterica. Per il gruppo degli stafilococchi coa-
gulasi-positivi, i valori più bassi di sensibilità si sono osservati nei confronti dei betalattamici (84,6%), delle tetracicline
(88,7%) e dei macrolidi (89,7%). Nel 2014, la sensibilità di questo gruppo verso l’oxacillina (97,5%) è risultata significativa-
mente superiore (p<0,05) rispetto a quella media osservata nel quadriennio precedente (95,5%). Negli streptococchi, le per-
centuali maggiori di sensibilità si osservano verso betalattamici (75%-93,7%) e rifamicine (82,4%-92,1%). Per E. coli, si osser-
vano percentuali di sensibilità superiori nei ceppi di derivazione mammaria (valori di sensibilità inferiori: 64,7% betalattami-
ci; 70,5% tetracicline) rispetto a quelli isolati da sindrome enterica del vitello (valori di sensibilità inferiori: 27,3% tetracicline;
50,1% chinoloni). Per gli E. coli di origine mammaria, nel 2014 è stato osservato un aumento significativo (p<0,05) della per-
centuale di sensibilità verso le cefalosporine di I e II generazione (da 20,4% del quadriennio 2010-13 a 34,1%).

PAROLE CHIAVE
Mastiti, antibiotico-resistenza, bovini, epidemiosorveglianza.
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impiego più consapevole e razionale degli antibiotici, essa
contribuisce ad aumentare le probabilità di successo tera-
peutico e riduce i rischi per il consumatore6. A questo fine
l’Unione Europea ha definito con la Decisione Comunitaria
652/2013 le modalità di attuazione di un piano di monito-
raggio della resistenza antimicrobica dei batteri zoonotici e
commensali, applicato in tutti i Paesi Membri a partire dal
1/01/2014. Va tuttavia sottolineato che solo la raccolta di da-
ti di lungo periodo sul fenomeno (almeno 3-7 anni) consen-
te di dimostrare la relazione tra utilizzo degli antimicrobici e
loro effetto sull’andamento della resistenza.
Il presente lavoro è stato condotto con lo scopo di valutare il
fenomeno dell’antibiotico-resistenza di ceppi batterici isola-
ti da casi di mastite bovina nelle Regioni Veneto, Friuli Vene-
zia-Giulia e Trentino Alto-Adige, negli anni 2010-2014. Sono
stati inoltre presi in considerazione ceppi di E. coli isolati da
casi di diarrea del vitello al fine di confrontare le percentuali
di sensibilità con i ceppi isolati da casi di mastite.
L’interpretazione dei dati relativi all’antibiotico-resistenza
dei batteri responsabili di mastite è resa particolarmente
complessa da due gruppi di fattori: 1) i microrganismi re-
sponsabili sono numerosi e con caratteristiche spesso
profondamente diverse; 2) il panel di antibiotici utilizzato
per l’antibiogramma è spesso consistente. Se, come nel pre-
sente lavoro, l’obiettivo è quello di quantificare e valutare il
fenomeno dell’antibiotico-resistenza e, soprattutto, comuni-
care i risultati ai professionisti che dovranno decidere la te-
rapia, un approccio basato sul binomio specie batterica-far-
maco potrebbe fornire risultati di difficile comprensione e
utilizzo. Per tali ragioni, l’analisi dei dati è stata condotta se-
condo un approccio che privilegiasse aggregazioni costruite
secondo criteri microbiologici o farmacologici e non ha pre-
so in considerazione le multi-resistenze. Solo per alcuni mi-
crorganismi, quali gli stafilococchi coagulasi-positivi (SCP) e
E. coli, scelti in base alla loro importanza epidemiologico-cli-
nica o per i potenziali rischi di sanità pubblica, la valutazio-
ne dell’antibiotico-resistenza è stata approfondita prenden-
do in considerazione le singole molecole ed è stata valutata
anche l’eventuale variazione nel tempo della sensibilità nei
confronti di alcuni farmaci di elezione (oxacillina, nel caso di
SCP e cefalosporine per E. coli).

MATERIALI E METODI

Consistenza di aziende da latte 
e capi allevati
Nelle Regioni Veneto, Friuli Venezia-Giulia e Trentino Alto-
Adige sono presenti più di 11000 aziende da latte con circa
302000 capi oltre i 24 mesi di vita (Anagrafe nazionale bovi-
na, 2014). Le dimensioni medie aziendali sono fortemente
condizionate dalle caratteristiche del territorio, variando da
un minimo di 19 capi nella provincia di Bolzano, nell’ambi-
to della quale è presente il maggior numero di allevamenti
(5492), fino ad un massimo di 150 capi in quella di Rovigo,
che rappresenta una delle provincie a minore densità.

Campioni esaminati
I dati fanno riferimento a 15926 isolati batterici ottenuti da
campioni di latte provenienti da casi di mastite bovina ed
esaminati negli anni 2010-14. I campioni sono stati preleva-
ti principalmente da singolo quarto o, in caso di sospetta

mastite da patogeni contagiosi, da pool di latte dei 4 quarti.
Per valutare eventuali differenze nei profili di antibiotico-re-
sistenza tra ceppi di E. coli responsabili di mastite e ceppi di
E. coli responsabili di sindromi diarroiche nei vitelli, sono
stati inoltre esaminati 1175 campioni fecali, provenienti per
la maggior parte da aziende da latte e, in percentuale ridotta,
da linee vacca-vitello. I campioni di latte e di feci sono stati
inviati ai laboratori delle sezioni diagnostiche dell’Istituto
Zooprofilattico Sperimentale delle Venezie (IZSVe) per l’ese-
cuzione routinaria dell’isolamento degli agenti batterici e
dell’antibiogramma.

Analisi batteriologiche
I campioni di latte di singolo quarto sono stati sottoposti al-
l’analisi batteriologica secondo la procedura descritta dal
National Mastitis Council. I campioni di pool dei 4 quarti
venivano sottoposti ad analisi per la ricerca dei soli Strepto-
coccus agalactiae e SCP. Per l’isolamento di Streptococcus aga-
lactiae è stato impiegato il terreno selettivo tallio acetato, cri-
stalvioletto e tossina stafilococcica (TKT, Centro servizi alla
produzione IZSVe, Legnaro) secondo la metodica descritta
da Bolzoni e coll.7, e la conferma delle colonie sospette veni-
va effettuata con il test di CAMP8. Per l’identificazione di
SCP, il campione di latte è stato inoculato su terreno Baird
Parker RPF (Biolife, Milano, IT) secondo la metodica prece-
dentemente descritta9. I campioni di feci sono stati analizza-
ti mediante l’utilizzo di terreni selettivi per Enterobacteria-
ceae e, sulle le colonie sospette, è stata eseguita l’identifica-
zione di specie mediante impiego di test biochimici in mi-
crometodo (API 20 E, Biomeriux, Marcy l’Etoile, FR).

Antibiogramma
La sensibilità nei confronti degli antibiotici di tutti i ceppi
batterici isolati è stata valutata con il metodo di diffusione in
agar da dischetto pre-imbevuto di antibiotico secondo le
modalità descritte dal Clinical and Laboratory Standard In-
stitute (CLSI VET01-A4)10. Gli antibiotici utilizzati e le rela-
tive categorie sono riportati in nelle Figure 1 e 2. I valori di
breakpoints utilizzati per verificare la sensibilità ai diversi
antibiotici da parte dei microrganismi erano quelli indicati
dal CLSI10, ad eccezione del cefquinome, per il quale sono
stati impiegati i valori forniti dal produttore (MSD, Ke-
nilworth, N.J., USA), e la rifampicina, per la quale sono stati
utilizzati, in assenza di standard relativi ai ceppi di origine
animale, i valori indicati dalla linea guida CLSI M100 S2411,
facenti riferimento a ceppi di origine umana. Sulla base dei
valori in millimetri indicati dai diversi breakpoints, i batteri
testati sono stati classificati come sensibili (S), intermedi (I)
o resistenti (R) ai singoli chemioterapici impiegati nel test.
L’isolamento batterico e l’esecuzione dell’antibiogramma so-
no stati realizzati nei laboratori delle diverse sezioni diagno-
stiche applicando le medesime procedure standardizzate e
uniformate con le metodologie previste dal sistema qualità
dell’IZSVe.

Analisi statistica
Gli isolati batterici sono stati aggregati in 5 gruppi in base al-
le loro caratteristiche microbiologiche: 1) Stafilococchi coa-
gulasi-positivi - SCP; 2) Stafilococchi coagulasi-negativi -
SCN; 3) Streptococcus agalactiae; 4) Streptococcus dysgalactiae;
5) Streptococcus uberis + Enterococcus spp. I ceppi di E. coli so-
no stati distinti in base alla loro provenienza (mammaria o
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intestinale). Le diverse molecole antibatteriche sono state ag-
gregate secondo la categoria di appartenenza (Fig. 1 e 2).
Per ciascuna di queste aggregazioni è stata calcolata la per-
centuale di ceppi risultati, rispettivamente, S, I, R sul totale
dei ceppi esaminati. Tutte le successive analisi sono state ese-
guite sulla percentuale di ceppi risultati sensibili. Nel calcolo
delle percentuali medie di sensibilità agli antibiotici sono sta-
ti esclusi dall’analisi tutti i risultati riferiti ad un numero di
ceppi <30/anno, per evitare che distorsioni causate da un
basso numero di ceppi con caratteristiche particolari nei
confronti di specifiche molecole potessero influenzare sensi-
bilmente questo valore12. Analogamente, per evitare eventua-
li distorsioni legate alla diversa distribuzione di frequenza tra
i gruppi considerati, i valori di sensibilità sono stati espressi
come media ponderata. Il confronto dei gruppi batterici, in
base alla distribuzione delle percentuali di antibiotico-resi-
stenza alle diverse molecole testate, è stato realizzato utiliz-
zando il test di Kruskal-Wallis. Per valutare una eventuale

differenza statisticamente significativa della sensibilità nel-
l’ultimo anno di osservazione rispetto al dato medio dei
quattro anni precedenti, è stato calcolato il test chi-quadro
secondo il metodo proposto da Perla e Carifio13.
Sono state inoltre calcolate le percentuali medie di sensibilità
e il relativo intervallo di confidenza esatto binomiale al 95%
dei diversi gruppi batterici testati. Per le analisi statistiche, è
stato utilizzato il software SPSS ver. 23 (IBM, SPSS Inc., Chi-
cago IL, USA).

RISULTATI

La distribuzione assoluta e percentuale dei 15926 isolati bat-
terici da casi di mastite è stata la seguente: SCP (4694;
29,5%), S. uberis e Enterococcus spp. (4549; 28,6%), SCN
(3099; 19,5%), E. coli (1467; 9,2%), S. dysgalactiae (1218;
7,6%), S. agalactiae (899; 5,6%). Complessivamente, oltre il

Figura 1 - Percentuali medie di sensibilità nei confronti delle diverse molecole.
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(84,6%), delle tetracicline (88,7%) e dei macrolidi (89,7%).
Per i betalattamici, è stato osservato un ampio range di va-
riabilità della sensibilità (57,8-99%; Fig. 1a) in funzione del
tipo di molecola, con valori particolarmente bassi per le pe-
nicilline naturali (penicillina G, 57,8%) e per le aminopeni-
cilline (ampicillina, 65,9%). Valori superiori si osservano per
il gruppo delle molecole penicillinasi-resistenti (oxacillina,
95,8%) e delle penicilline associate ad inibitori delle β-latta-
masi (amoxicillina + ac. clavulanico, 92,7%). Per le cefalo-
sporine, sono stati osservati valori di sensibilità media mag-
giori per quelle di I generazione (cefalotina, 99%), rispetto a
quelle di III (cefoperazone, 90%) e di IV (cefquinome,
95,9%). Per questi microrganismi, le classi di antibiotici
maggiormente efficaci in vitro risultavano sulfamidici e rifa-
micine, con percentuali di sensibilità media rispettivamente
del 98,1% e 98,3%.
Nel 2014, la sensibilità dei ceppi di SCP nei confronti del-
l’oxacillina (97,5%) è risultata significativamente diversa
(p<0,013) rispetto a quella media osservata nel quadriennio
precedente (95,5%) (Tab. 1).
Per il gruppo degli SCN i valori più bassi della percentuale
media ponderata di sensibilità sono stati osservati nei con-
fronti di tetracicline (80,6%), betalattamici (82,2%), macro-
lidi (88,8%) e chinoloni (90%). Per quanto riguarda i beta-
lattamici, anche per gli SNC si osserva un ampio range di
sensibilità (53,0-97,9%, Fig. 1b) in funzione del tipo di mo-
lecola; all’interno di questa categoria di antibiotici le percen-
tuali medie di sensibilità inferiori appartengono al gruppo
delle penicilline naturali (53,0%) e delle aminopenicilline
(60,9%), mentre valori decisamente superiori si osservano
per il gruppo delle penicilline associate ad inibitori delle β-
lattamasi (96,8%). È possibile osservare una percentuale me-
dia di sensibilità all’oxacillina nettamente inferiore (78,1%)
rispetto a quella riscontrata per gli SCP (95,8%). Per quanto
riguarda le cefalosporine, sono stati osservati valori di sensi-
bilità simili per le molecole delle diverse generazioni (cefalo-
tina, 97,6%; cefoperazone, 95,6%; cefquinome, 97,9%). Per
questi microrganismi, le classi di antibiotici maggiormente
efficaci in vitro sono risultate le seguenti: sulfamidici
(95,9%), rifamicine (95,6%) e aminoglicosidi (95,5%).
Relativamente a Streptococcus agalactiae i valori della percen-
tuale media ponderata di sensibilità più bassi sono stati os-
servati nei confronti di aminoglicosidi (3,7%), chinoloni
(22,1%), sulfamidici (53,2%) e tetracicline (54,4%). Anche
per questo agente eziologico è stato osservato un ampio ran-
ge di sensibilità nei confronti dei diversi betalattamici (45,7-
99,1%; Fig. 1c); in questa categoria di antibiotici, le percen-
tuali medie di sensibilità inferiori sono state osservate per
l’oxacillina (45,7%), mentre valori decisamente più elevati si
osservavano per le penicilline naturali (84,5%) e le amino-
penicilline (73,1%). Nettamente superiori sono le percen-
tuali medie di sensibilità nei confronti di amoxicillina + ac.
clavulanico (98,1%) e cefalosporine di IV generazione (cef-
quinome, 97,7%). Le molecole più efficaci in vitro risultava-
no essere le cefalosporine di I (cefalotina, 99,1%) e di III ge-
nerazione (cefoperazone, 98,8%). Per Streptococcus agalac-
tiae le classi di antibiotici maggiormente efficaci in vitro era-
no i betalattamici (86,0%) e rifamicine (92,1%).
Per Streptococcus dysgalactiae (Fig. 1d) i valori della percen-
tuale media ponderata di sensibilità più bassi sono stati ri-
scontrati nei confronti di tetracicline (10,0%), aminoglicosi-
di (11,3%) e chinoloni (31,5%). Per questi microrganismi, le
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Figura 2 - Ceppi di E. coli isolati da mastite o da sindrome enterica.
Percentuali medie di sensibilità nei confronti delle diverse molecole.

90% degli isolati è rappresentato da batteri Gram-positivi
che presentano una distribuzione delle percentuali di ceppi S
significativamente più elevata (p<0,05) rispetto al gruppo
dei Gram-negativi (79,8% vs 72,5%).
I microrganismi di origine ambientale (S. dysgalactiae, S.
uberis e coliformi) sono quelli più rappresentati (46,1%), se-
guiti dai contagiosi (SCP, S. agalactiae; 34,7%) e dagli op-
portunisti (SCN; 19,2%). In queste tre classi, la percentuale
media di ceppi sensibili è stata, rispettivamente, del 70,7%,
85,6% e 86,7% mostrando una differenza statisticamente si-
gnificativa della distribuzione dei valori percentuali di S dei
gruppi a confronto(p<0,01).
In Figura 3 vengono riportate le percentuali medie di sensi-
bilità e relativo intervallo di confidenza al 95% dei diversi ge-
neri o aggregazioni batteriche.
Nel dettaglio, per quanto riguarda il gruppo degli SCP i va-
lori più bassi della percentuale media ponderata di sensibi-
lità sono stati osservati nei confronti dei betalattamici
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classi di antibiotici maggiormente efficaci in vitro sono stati
betalattamici (93,7%) e rifamicine (91,7%).
Nel gruppo Streptococcus uberis e Enterococcus spp., i valori
più bassi della percentuale media ponderata di sensibilità so-
no stati osservati nei confronti degli aminoglicosidi (19,9%),
antibiotici con spettro d’azione orientato prevalentemente
verso le Enterobacteriaceae e solo alcuni bacilli Gram-positi-
vi, chinoloni (35,5%), all’interno dei quali solo i fluorochi-
noloni risultano efficaci verso i microrganismi Gram-positi-
vi, e tetracicline (37,2%). Le percentuali di sensibilità risulta-
vano invece nettamente superiori per i macrolidi (65,7%).
Per i betalattamici, anche in questo caso è stato osservato un
ampio range di sensibilità (51,6-98,5%, Fig. 1e) in funzione
del tipo di molecola; le percentuali medie di sensibilità infe-
riori sono state osservate per l’oxacillina (51,6%), mentre va-
lori maggiori si registrano per le penicilline naturali (86,3%)
e per le aminopenicilline (82,2%). Percentuali di sensibilità
superiori sono state osservate per amoxicillina + ac. clavula-
nico (98,5%), e cefalosporine di IV generazione (cefquino-
me, 93,8%); leggermente meno efficaci in vitro risultano le

cefalosporine di I (cefalotina, 90,3%) e di III (cefoperazone,
91,7%) generazione. Per questi microrganismi, le classi di
antibiotici maggiormente efficaci in vitro sono state le rifa-
micine (82,4%) e i betalattamici (85,5%).
I dati relativi a E. coli fanno riferimento a 1175 ceppi di ori-
gine enterica e 1467 ceppi di origine mammaria. Per quan-
to riguarda i ceppi di origine enterica (Fig. 2b), i valori del-
la percentuale media ponderata di sensibilità più bassi sono
stati osservati per le tetracicline (27,3%), chinoloni (50,1%)
e macrolidi (51,4%); per quelli isolati da sindrome mam-
maria (Fig. 2a) betalattamici (64,7%) e tetracicline (70,5%).
Fra i betalattamici si è evidenziato un ampio range di sensi-
bilità per entrambe le tipologie di ceppi (22,8-94,6% per i
ceppi isolati da mastite e 17,4-88,9% per quelli enterici) in
funzione del tipo di molecola. Per i ceppi isolati da casi di
sindrome enterica, le molecole testate presentano percen-
tuali di sensibilità media decisamente inferiori (ampicillina,
17,4%; amoxicillina + ac. clavulanico, 32,3%) rispetto a
quelli mammari (ampicillina, 56,0%; amoxicillina + ac. cla-
vulanico, 66,7%). Sempre per i ceppi di origine mammaria,

tra le cefalosporine risulta evidente la diffe-
renza tra la sensibilità a quelle di I generazio-
ne (cefalotina, 22,8%) e quelle di III (cefqui-
nome, 94,6%), giustificabile con il diverso
spettro d’azione. Tra le classi di antibiotici te-
stati, in comune ad entrambi i panel, quelle
maggiormente efficaci in vitro nel caso dei
ceppi enterici risultavano aminoglicosidi
(61,2%) e betalattamici (59,5%), mentre per
quelli di origine mammaria chinoloni
(89,6%) e trimethoprim + sulfamidico
(87,3%). La valutazione dell’eventuale varia-
zione della sensibilità nel tempo nei confronti
delle cefalosporine dei ceppi di E. coli di origi-
ne mammaria è stata eseguita prendendo in
considerazione la generazione di appartenen-
za di queste molecole (I e II vs III e IV). Per il

Figura 3
Percentuali medie di
sensibilità e relativo
intervallo di confidenza
al 95% dei diversi
gruppi batterici testati.

Tabella 1 - Valutazione delle variazioni di sensibilità nel tempo dei ceppi di SCP
verso l’oxacillina.

a Differenza significativa (p=0,013) della percentuale di ceppi sensibili rispetto alla media del
quadriennio precedente.

Anno
Sensibili Resistenti+Intermedi

Totale
Numero ceppi (%) Numero ceppi (%)

2010 958 (92,1) 82 (7,9) 1040

2011 867 (96,2) 34 (3,8) 901

2012 843 (96,6) 30 (3,4) 873

2013 909 (97,7) 21 (2,3) 930

Media 2010-13 894 (95,5) 42 (4,5) 936

Valori osservati 2014 637 (97,5)a 16 (2,5) 653

Valori attesi 2014 624 29 653
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Nel gruppo costituito da SCP, è interessante
osservare come sia stato evidenziato un ampio
range di sensibilità (57,8-99%) ai diversi beta-
lattamici, con percentuali medie di sensibilità
relativamente basse nel gruppo delle penicilli-
ne naturali (penicillina G; 57,8%) e delle ami-
nopenicilline (ampicillina; 65,9%); tali valori
risultano leggermente inferiori rispetto a
quanto riportato da altri autori15. Le percen-
tuali di sensibilità superiori riscontrate verso
le cefalosporine (90-99%) rispetto alle peni-
cilline possono essere giustificate dal fatto che
la resistenza degli stafilococchi nei confronti
dei betalattamici è solitamente associata a pla-
smidi che veicolano dei geni per la produzio-
ne di β-lattamasi, le quali sono particolar-
mente attive verso le penicilline naturali e
quelle del gruppo A6. In genere, le β-lattamasi
sono infatti delle penicillinasi, incapaci quin-
di di inattivare le cefalosporine, le quali risul-
tano quindi più efficaci delle penicilline, ad
eccezione delle molecole di III (90%) e IV ge-
nerazione (95,9%); queste ultime infatti, no-
nostante l’ampliamento dello spettro verso i
batteri Gram-negativi, manifestano una leg-
gera riduzione dell’azione verso i Gram-posi-
tivi rispetto alle molecole di I generazione16.
Inoltre, l’alta percentuale di sensibilità verso
l’associazione amoxicillina + ac. clavulanico
(92,7%) rispetto alle sole aminopenicilline
(65,9%) conferma ulteriormente come negli
stafilococchi la resistenza ai betalattamici sia
dovuta in massima parte a geni che codificano
per la produzione di enzimi in grado di idro-
lizzare tali antibiotici: essendo infatti l’ac. cla-
vulanico un un inibitore competitivo delle β-

lattamasi batteriche, esso svolge un ruolo protettivo nei con-
fronti della molecola antibiotica. Per quanto concerne le pe-
nicilline del gruppo M, dette anche penicilline “antistafilo-
cocciche”, rappresentate dall’oxacillina (95,8%), esse sono
resistenti all’idrolisi operata dalle β-lattamasi, e riescono
perciò ad agire anche sugli stafilococchi β-lattamasi produt-
tori, ad eccezione dei ceppi di S. aureus meticillino-resisten-
ti (MRSA). Per tale motivo, l’aumento significativo di sensi-
bilità (da 95,5% a 97,5%) nei confronti di questa molecola
osservato nel 2014 rispetto alla percentuale attesa calcolata
sulla media del quadriennio precedente rappresenta un’os-
servazione relativamente tranquillizzante per quanto ri-
guarda l’evoluzione della diffusione di ceppi MRSA come
causa di mastite.
Gli SCN sono risultati essere il terzo gruppo di batteri per
numero di isolati (19,5%). Questa categoria di patogeni sta
assumendo una grande importanza nel panorama interna-
zionale, vista la frequenza sempre maggiore con la quale essi
vengono isolati a partire sia da casi clinici che subclinici di
mastite. Nonostante alcuni autori tendano a definirli come i
patogeni emergenti nell’ambito di questa patologia17, il si-
gnificato di tali microrganismi nella patogenesi delle infezio-
ni mammarie rimane ancora motivo di forti discussioni. Es-
so è infatti messo in dubbio da altri autori18, i quali hanno
evidenziato come il contributo percentuale degli SCN al va-
lore delle cellule somatiche (CCS) nel latte di massa tenda a

Tabella 2 - Valutazione delle variazioni di sensibilità nel tempo verso le cefalo-
sporine di I e II generazione (cefalotina e cefoxitin) di ceppi di E. coli isolati da epi-
sodi di mastite.

a Differenza significativa (p<0,001) della percentuale di ceppi sensibili rispetto alla media del
quadriennio precedente.

Anno
Sensibili Resistenti+Intermedi

Totale
Numero ceppi (%) Numero ceppi (%)

2010 47 (20,0) 188 (80,0) 235

2011 49 (22,7) 167 (77,3) 216

2012 43 (17,1) 208 (82,9) 251

2013 110 (21,3) 406 (78,7) 516

Media 2010-13 62 (20,4) 242 (79,6) 304

Valori osservati 2014 85 (34,1)a 164 (69,8) 249

Valori attesi 2014 51 198 249

Tabella 3 - Valutazione delle variazioni di sensibilità nel tempo verso le cefalo-
sporine di III e IV generazione (cefoperazone, cefquinome) di ceppi di E. coli isola-
ti da episodi di mastite.

a Nessuna variazione significativa (p>0,05) della percentuale di ceppi sensibili rispetto alla
media del quadriennio precedente.

Anno
Sensibili Resistenti+Intermedi

Totale
Numero ceppi (%) Numero ceppi (%)

2010 335 (91,3) 32 (8,7) 367

2011 317 (92,7) 25 (7,3) 342

2012 392 (95,4) 19 (4,6) 411

2013 806 (94,7) 45 (5,3) 851

Media 2010-13 463 (93,9) 30 (6,1) 493

Valori osservati 2014 448 (93,7)a 30 (8,2) 478

Valori attesi 2014 449 29 478

primo gruppo (cefalosporine di I e II generazione, Tab. 2),
nel 2014 è stata osservata una differenza significativa
(p<0,001) della percentuale di ceppi sensibili rispetto al va-
lore medio del quadriennio precedente (20,4% nel 2014 ri-
spetto al 34,1% del quadriennio 2010-13). Per quanto ri-
guarda il secondo gruppo (III e IV generazione, Tab. 3) non
viene osservata nessuna variazione statisticamente significa-
tiva (p>0,05). Si osserva tuttavia una significativa (p<0,001)
maggiore efficacia in vitro delle cefalosporine di ultima ge-
nerazione rispetto alle prime (93,7% vs 34,1%).

DISCUSSIONE

I risultati ottenuti evidenziano una netta predominanza dei
batteri Gram-positivi come agenti causali di mastite e una
maggiore prevalenza dei batteri ambientali o opportunisti ri-
spetto ai contagiosi. Questa osservazione concorda con quan-
to riportato da altri autori italiani ed evidenzia come vi sia
stata una progressiva riduzione nel tempo della prevalenza di
mastiti ascrivibili a patogeni contagiosi14. In merito a que-
st’ultima osservazione, è necessario tuttavia considerare che i
dati fanno riferimento a campioni provenienti da aree (pia-
nura/collina e montagna) e tipologie aziendali (allevamento
intensivo e semi-estensivo) anche molto diverse tra loro e che
questi fattori potrebbero aver influenzato i risultati.
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ridursi all’aumentare di quest’ultimo. Le infezioni ascrivibili
a SCN non eserciterebbero quindi un ruolo principale nel-
l’aumento della CCS in mandrie con problemi importanti di
qualità del latte, mentre potrebbero apportare un contributo
maggiore a questo dato in allevamenti con CCS <200.000
cellule/ml. Nell’ambito dei betalattamici, la percentuale me-
dia di sensibilità alle penicilline antistafilococciche (oxacilli-
na) è risultata del 78,1%, valore decisamente superiore ri-
spetto a quanto riportato da Frey e coll.19 mentre, per quan-
to riguarda le tetracicline, la percentuale di sensibilità
(80,6%) è simile a quanto evidenziato dagli stessi autori
(84,2%). Anche nel caso degli aminoglicosidi (95,5%) e dei
sulfamidici (95,9%), risultate le classi di antibiotici maggior-
mente efficaci in vitro, le percentuali di sensibilità sono pros-
sime a quelle riportate da Frey e coll.19 (rispettivamente
97,6% e 95%).
Per quanto concerne gli streptococchi, la resistenza alla te-
traciclina risulta essere, assieme alla resistenza verso macro-
lidi e aminoglicosidi, il reperto più comune nei test di sensi-
bilità agli antibiotici, come riportato anche da Minst e coll.20.
Questi autori20 confermano come, nel trattamento delle infe-
zioni streptococciche, i betalattamici rimangano le molecole
d’elezione, sia dal punto di vista dello spettro d’azione, che
della sensibilità dimostrata da questi microrganismi verso ta-
le categoria di antibiotici. Inoltre, le basse percentuali di sen-
sibilità osservate nei confronti degli aminoglicosidi (3,7%)
sono spiegabili con il fatto che questi farmaci hanno uno
spettro d’azione orientato prevalentemente verso le Entero-
bacteriaceae e solo alcuni bacilli Gram-positivi16, tra i quali
gli stafilococchi e gli enterococchi. La terapia contro infezio-
ni streptococciche risulta invece più efficace quando essi so-
no impiegati in associazione a dei betalattamici6.
I ceppi di E. coli di origine enterica presentavano, media-
mente, percentuali inferiori di sensibilità rispetto a quelli di
origine mammaria, in particolare nei confronti di tetracicli-
ne (27,3%), chinoloni (50,1%) e macrolidi (51,4%). Come
riportato anche da un altro studio21, che riporta i dati del
programma europeo di monitoraggio della sensibilità agli
antimicrobici (VetPath), per i ceppi di origine mammaria le
percentuali inferiori di sensibilità sono state osservate nei
confronti delle tetracicline e, all’interno della famiglia dei be-
talattamici, nei confronti delle cefalosporine di I generazio-
ne. La differente sensibilità verso le cefalosporine di I gene-
razione (22,8%) rispetto a quelle di III generazione (94,6%)
è in parte giustificabile con il diverso spettro d’azione dei due
tipi di molecole16.
Per i ceppi di origine enterica destano preoccupazione le per-
centuali medie di sensibilità nei confronti dei chinoloni
(49,9%), decisamente inferiori rispetto a quelle dei ceppi iso-
lati da sindrome mammaria (89,6%). Una spiegazione di
questa diversa sensibilità in funzione dell’origine potrebbe
essere legata ad un impiego eccessivo di questo farmaco nel
trattamento dei vitelli che, essendo ancora funzionalmente
dei monogastrici, tollerano bene la terapia per os. Tuttavia,
per confermare questa ipotesi, sarebbero necessari ulteriori
studi mediante l’impiego di test biomolecolari che consenta-
no di confermare la presenza di geni di resistenza ai chinolo-
ni in questi batteri.
In considerazione del fatto che spesso in ambito veterinario
si assiste ad un abuso di antibiotici ritenuti come critici per
la salute umana (CIA - critically important antimicrobials)
secondo la definizione data dall’OMS22, risulta necessario va-

lutare con attenzione i risultati riguardanti la sensibilità alle
cefalosporine di III e IV generazione dei ceppi di E. coli di
origine mammaria. Nonostante non si sia notato un aumen-
to statisticamente significativo della sensibilità nei confronti
delle cefalosporine di ultima generazione, l’efficacia di que-
ste molecole rimane comunque superiore se confrontata con
quella delle generazioni precedenti (93,7% vs 34,1%).

CONCLUSIONI

La resistenza microbica ai chemioterapici rappresenta attual-
mente uno dei temi più rilevanti e complessi in campo me-
dico-sanitario, coinvolgendo un vasto insieme di meccani-
smi che si articolano tra loro e che si estendono dalle vie di
trasmissione diretta di batteri resistenti e dei singoli geni di
resistenza, fino all’impatto esercitato dalla pressione selettiva
degli antibiotici su diversi reservoirs.
La crescita della resistenza microbica ai chemioterapici, spes-
so in forma di multi-resistenza, ha due conseguenze impor-
tanti: aumenta l’incidenza di microrganismi zoonotici e con-
diziona in maniera decisiva le scelte terapeutiche, determi-
nando frequentemente un aumento dei costi. È quindi evi-
dente che la sorveglianza dell’antibiotico-resistenza sia stra-
tegica in un’ottica sia di pratica clinica sia di sanità pubblica.
Tuttavia, l’efficacia di questi sistemi di sorveglianza deve es-
sere misurata in termini di economicità, sistematicità e dif-
fusione dei risultati. L’applicazione di modelli di sorveglian-
za semplici, rapidi e a basso costo impiegando i dati acquisi-
ti routinariamente nella pratica diagnostica può fornire
informazioni utili al fine di compiere scelte razionali nella se-
lezione e nell’utilizzo delle diverse molecole antibiotiche.
Inoltre, la condivisione dei risultati riguardanti il trend del-
l’antibiotico-resistenza potrebbero aumentare la sensibilità
delle diverse figure professionali verso questo fenomeno e fa-
vorire in questo senso un utilizzo più responsabile e oculato
dei farmaci antimicrobici.

❚ Antimicrobial resistance patterns 
of bovine mastitis pathogens
isolated in the north-east of Italy
between 2010 and 2014

SUMMARY
Introduction - Bovine mastitis represents a major cause of
economic loss in dairy production. As well as the financial
implication of this disease, the importance of mastitis in pu-
blic health should not be overlooked. The extensive use of
antibiotics in mastitis treatment has possible implications
for human health through an increased risk of antibiotic re-
sistant strains that may enter the food chain.
Aim - The aim of this study was the assessment of the main
antimicrobial-resistance (AMR) patterns of bovine mastitis
pathogens isolated in the north-east of Italy from 2010 to
2014 during the usual diagnostic activity.
Materials and methods - The isolates tested were identified
from individual quarter milk samples, which were collected
from cows with clinical and subclinical mastitis and from
dairy calves with scour. Milk culture was carried out accor-
ding to the National Mastitis Council guidelines and the in
vitro antimicrobial susceptibility was evaluated using agar
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disk diffusion method as described by NCLSI guide Vet01-
A4. E. coli isolated from calves fecal samples were tested for
antimicrobial susceptibility with the same method. All isola-
tes were tested with the following antimicrobials: penicillin,
ampicillin, clavulanate-amoxicillin, oxacillin, cefoxitin,
cephalothin, cefoperazone, cefquinome, spiramycin, ka-
namycin, tylosin, tylmicosin, trimethoprim + sulphametoxa-
zole, tetracycline, enrofloxacin, and rifampicin. 
Results and discussion - In this study, out of 15.926
strains, isolated from bovine milk, 29.5% were Coagulase-
positive Staphylococci (CPS), 28.6% Streptococcus uberis
and Enterococcus spp., 19.5% Coagulase-negative Staphylo-
cocci (CNS), 9.2% E. coli, 7.6% Streptococcus dysgalactiae,
5.6% Streptococcus agalactiae. Overall, more than 90% of
isolates were Gram-positive bacteria with significantly
(p<0.05) higher average susceptibility percentages than
Gram-negative strains (79.8% vs 72.5%). For CPS, the
lowest susceptibility values were reported towards betalac-
tams (84.6%), tetracycline (88.7%) and macrolides
(89.7%). Within betalactams, the susceptibility range was
wide (57.8-99%): penicillin G (57.8%) and ampicillin
(65.9%) had the lowest susceptibility values, whereas oxa-
cillin (95.8%), clavulanate-amoxicillin (92.7%) and cepha-
lothin (99%) showed higher susceptibility. For CNS the lea-
st effective antibiotics were tetracycline (80.6%), betalac-
tams (82.2%), macrolides (88.8%) and quinolones (90%).
Betalactams showed a wide range of susceptibility: penicil-
lin (53%), ampicillin (60.9%), clavulanate-amoxicillin
(96.8%), oxacillin (78.1%), cephalothin (97.6%), cefopera-
zone (95.6%), cefquinome (97.9%). In CNS high in vitro
susceptibility was found also towards trimethoprim +
sulphametoxazole (95.9%), and aminoglycosides (95.5%).
The lowest susceptibility percentages for Streptococcus ube-
ris and Enterococcus spp. were found towards aminoglycosi-
des (19.9%), quinolones (35.5%) and tetracycline (37.2%).
Higher percentages were found for macrolides (65.7%) and
trimethoprim + sulphametoxazole (76.7%), while the su-
sceptibility patterns towards betalactams members were the
following: oxacillin (51.6%), penicillin G (86.3%), ampicil-
lin (82.2%), amoxicillin-clavulanate (98.5%), cephalothin
(90.3%), cefoperazone (91.7%) and cefquinome (93.8%).
For E. coli the enteric isolates showed lower susceptibility
levels compared to mammary ones towards tetracycline
(27.3 vs 70.5%), ampicillin (17.4 vs 56.0%), clavulanate-
amoxicillin (32.3 vs 66.7%), cefquinome (86.1 vs 94.6%)
trimethoprim + sulphametoxazole (55 vs 87.3%).
Conclusions -The assessment of routine laboratory data can
provide useful and costless information in order to improve
therapeutic protocols and represents an important surveil-
lance tool to investigate the level of antimicrobial resistance
in dairy cows population.
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Mastitis, antimicrobial-resistance, cattle, epidemiosurveillance.
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INTRODUZIONE

La febbre Q è una patologia zoonosica diffusa in tutto il
mondo. L’agente eziologico è Coxiella burnetii (C. burnetii)
un batterio gram-negativo intracellulare obbligato, che è
stato recentemente classificato come agente bioterroristico
di tipo B dai Centers for Disease Control and Prevention
(CDC). Le due caratteristiche principali del microorgani-
smo sono la capacità di eludere il sistema immunitario e l’e-
levata resistenza ambientale. La prima è dovuta sia all’inibi-
zione delle classiche vie pro-apoptotiche, sia alla sopravvi-
venza e moltiplicazione del batterio all’interno del fagoso-
ma, impedendone la maturazione1. Dall’altro lato, C. burne-
tii dimostra un’elevata resistenza ambientale, sopravvivendo
più di 5 mesi in acqua a 22°C, ai raggi ultravioletti ed all’es-
siccamento. Inoltre è stata isolata in più di 40 specie diverse
di zecche: queste sono in grado di ospitare il microrganismo
per mesi, di trasmetterlo per via verticale alla progenie e per
via orizzontale a molti mammiferi, tra cui ratti, ovini, capri-
ni e bovini, e di eliminarlo con le feci, garantendone la so-
pravvivenza ambientale per almeno 586 giorni. Da segnala-
re come l’eliminazione del patogeno si prolunghi fino a 20
giorni nelle feci e 54 giorni nel latte, dopo il parto o l’abor-

to2. Analizzando il profilo epidemiologico della patologia,
sono state dimostrate diverse vie di trasmissione: inalatoria,
alimentare, sessuale, verticale e tramite vettori, le zecche ap-
punto. Tra tutte, quella inalatoria è la più frequente sia negli
animali da reddito, sia nell’uomo. Anche la via alimentare
riveste un’elevata importanza, perché i ruminanti possono
infettarsi attraverso l’assunzione di foraggi contaminati da
feci di animali infetti, mentre l’uomo può infettarsi tramite
l’ingestione abituale di latte crudo infetto. Le vie di elimina-
zione sono molteplici: latte, urine, feci, secrezioni vaginali e,
nell’animale gravido, placenta, fluidi amniotici e membrane
fetali3. Tutte le specie appartenenti al regno animale sono
sensibili all’infezione. Tuttavia, bovini, ovini e caprini sono
i principali serbatoi per lo sviluppo dell’infezione nell’uo-
mo4. Da un punto di vista clinico, la malattia presenta spes-
so un decorso asintomatico e, nelle bovine da latte, causa
prevalentemente infertilità, aborto, metriti, endometriti e
ritenzioni placentari3.
Nell’uomo, la febbre Q decorre più frequentemente in forma
subclinica, solo nel 40% dei casi si manifesta febbre ed una
sintomatologia clinica variabile, con polmonite, epatite,
aborto, rash cutaneo. Nei pazienti immunodepressi, può esi-
tare in una forma cronica grave, caratterizzata da processi
granulomatosi ed endocardite, ad esito spesso fatale5. Il prin-
cipale serbatoio per l’infezione dell’uomo sono i ruminanti:
i principali fattori di rischio sono rappresentati dalla vici-
nanza al bestiame, per cui professionisti come veterinari, al-

S. Miotto et al. Large Animal Review 2016; 22: 109-113 109

N

Autore per la corrispondenza:
Renata Piccinini (renata.piccinini@unimi.it).

RIASSUNTO
La febbre Q è una patologia zoonosica diffusa in tutto il mondo, sostenuta da Coxiella burnetii. Le vie di trasmissione sono di-
verse, quella inalatoria è la più frequente negli animali e nell’uomo. L’obiettivo dello studio è valutare la presenza e gestione dei
fattori di rischio associati all’infezione, in aziende di bovine da latte nelle province di Como e Lecco (Lombardia) e correlare
la presenza/assenza del patogeno con l’andamento dei parametri riproduttivi. I campioni di latte di 83 aziende sono stati esa-
minati mediante PCR: 28 di queste sono state quindi incluse in uno studio caso-controllo (positive vs. negative). Su un totale
di 83 aziende, 16 (19,3%) sono risultate positive a C. burnetii. Fra i fattori di rischio, solo il passaggio di greggi sui terreni agri-
coli delle aziende si è dimostrato significativamente correlato con la positività alla malattia. Sia la frequenza di calori disponi-
bili, sia il periodo parto-concepimento sono risultati statisticamente più elevati nelle aziende positive, rispetto ai controlli. La
mancata differenza significativa del numero di aborti nei casi e nei controlli può essere legata alla maggior diffusione di Neo-
spora caninum nelle aziende controllo. La fotografia delle aziende infette da C. burnetii mostra come le bovine tardino ad es-
sere fecondate, con la conseguenza diretta di una perdita economica notevole. Inoltre sono presenti molti fattori di rischio per
l’infezione degli animali e dell’uomo. Da segnalare come quasi la metà delle aziende positive pratica la vendita diretta al con-
sumatore: l’infezione per via digerente è tuttora discussa, però è stato descritto un focolaio di febbre Q in un piccolo gruppo
di consumatori abituali di latte crudo. Si postula perciò lo sviluppo di sistemi di controllo efficaci incentrati sulla figura del ve-
terinario aziendale.

PAROLE CHIAVE
Febbre Q, vacca da latte, zoonosi, fattori di rischio, parto-concepimento.
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levatori e persone residenti in aree con elevata densità di ca-
pi, rappresentano i soggetti maggiormente a rischio di infe-
zione6. Attualmente la patologia è diffusa in tutto il mondo
ad eccezione della Nuova Zelanda e della regione antartica. È
stata segnalata in tutti i paesi della comunità europea, ma il
caso più eclatante è stato sicuramente l’epidemia verificatasi
in Olanda dal 2007 al 2011, che condusse all’eliminazione di
oltre 50000 capi di bestiame (ovini e caprini) e causò mi-
gliaia di casi di ospedalizzazione di persone residenti nelle
aree coinvolte7.
In Italia, recenti studi epidemiologici condotti in aziende di
bovine da latte, hanno dimostrato un’elevata prevalenza di
febbre Q nelle regioni nord-occidentali8. Per quanto riguar-
da l’Italia meridionale, una conferma indiretta dell’ampia
diffusione della malattia è fornita da una recente indagine9,
che ha documentato un’elevata sieroprevalenza di soggetti
positivi fra quelli considerati “a rischio”, quali veterinari,
macellatori ed allevatori. Tra i focolai umani di febbre Q se-
gnalati nel nostro paese, il più interessante dal punto di vi-
sta epidemiologico è quello sviluppatosi in un penitenzia-
rio di Como, dove i pazienti avevano contratto la forma cli-
nica dell’infezione tramite aerosol causato da un gregge
transumante10.
Il presente lavoro si pone come corollario di uno studio ef-
fettuato negli allevamenti lombardi, che aveva individuato
una notevole diffusione di C. burnetii11. L’obiettivo è quello
di valutare la presenza e gestione dei fattori di rischio asso-
ciati all’infezione, in aziende di bovine da latte nelle provin-
ce di Como e Lecco, e quindi di correlare la presenza/assenza
del patogeno con l’andamento dei parametri riproduttivi.

MATERIALI E METODI

Il lavoro è stato suddiviso in due fasi. In una prima fase sono
stati prelevati campioni di latte di massa in 83 aziende di bo-
vine da latte situate nelle province di Como e Lecco, per va-
lutare il grado di diffusione del patogeno. I campioni di latte
sono stati refrigerati (2-8°C) ed inviati all’Istituto Zooprofi-
lattico Sperimentale della Lombardia e dell’Emilia Romagna,
dove sono stati conservati in congelatore a -24 ± 6°C fino al-
l’esecuzione del test. Come metodica analitica è stata utiliz-
zata la PCR per l’identificazione del segmento 687 bp della
regione genomica transpon-like di C. burnetii, secondo il
protocollo precedentemente descritto8.
Nella seconda fase sono stati selezionati 28 allevamenti per
uno studio caso-controllo: le aziende sono state definite come
“casi” o come “controlli” in base alla positività o negatività a
C. burnetii. I criteri d’inclusione dei casi e dei controlli nello
studio sono stati la posizione geografica e la consistenza del-
l’allevamento. Per quanto riguarda la posizione delle aziende,
abbiamo stabilito che la distanza fra il caso e il rispettivo con-
trollo non fosse superiore ai 12 km, per la capacità di diffu-
sione dell’infezione per via aerea, soprattutto in presenza di
vento. Il numero dei capi in lattazione costituisce un’infor-
mazione essenziale per il confronto delle aziende, perché
spesso la gestione riproduttiva degli animali dipende da scel-
te collegate con l’imprenditorialità dell’allevatore.
Mediante un questionario (Fig. 1), sono stati quindi raccol-
ti dati anamnestici qualitativi e quantitativi relativi all’an-
no precedente, durante il quale era stato effettuato il cam-
pionamento. 

I dati qualitativi riguardano il numero di
capi in lattazione, i piani vaccinali azien-
dali, la presenza di neosporosi, la vendita
diretta di latte crudo e i principali fattori
di rischio della febbre Q, quali la gestione
del parto, la raccolta dei feti abortiti e de-
gli invogli, la gestione delle deiezioni, i
piani di derattizzazione e controllo dei
volatili e il passaggio di greggi transu-
manti sui terreni aziendali. I dati quanti-
tativi comprendono i disordini riprodut-
tivi che possono essere correlati all’infe-
zione, cioè il numero di aborti, metriti,
endometriti e riassorbimenti embrionali,
e i parametri riproduttivi aziendali quali
il tasso di rilevamento dei calori (numero
di vacche inseminate diviso per le vacche
disponibili per l’inseminazione), il tasso
di concepimento (numero di bovine gra-
vide rispetto al numero di inseminazioni
effettuate), o il numero di calori disponi-
bili (calcolato su tutte le vacche post-par-
to, dai 50 giorni di attesa volontaria fino
alla diagnosi di gravidanza).
Non sono stati effettuati prelievi sul per-
sonale di stalla, per motivi di privacy.
L’analisi dei dati è stata effettuata con il
software SPSS Statistics 23.0 (IBM, USA,
Stati Uniti d’America). In dettaglio, è sta-
ta eseguita un’analisi di regressione logi-
stica binaria, dove la variabile dipendente
è stata definita come positività o negati-

Indagine epidemiologica per Coxiella burnetii (Febbre Q)
Azienda

Via

Città

Campione di latte Data prelievo Risultato
di massa (PCR)

ANAMNESI AZIENDALE

Numero di capi in lattazione

Vaccinazione BVD SI NO

Vaccinazione IBR SI NO

Positività a Neospora caninum SI NO

Vendita diretta di latte crudo SI NO

Presenza di sala parto SI NO

Uso di mascherine e guanti in sala parto SI NO

Raccolta e distruzione feti abortiti e invogli SI NO

Gestione deiezioni (conservazione >3 settimane) SI NO

Greggi in transumanza SI NO

Piano di derattizzazione SI NO

Piano di controllo volatili SI NO

Aborti SI NO N°

Metriti (<21 gg) SI NO N°

Endometriti (>21 gg) SI NO N°

Riassorbimenti embrionali SI NO N°

Tasso rilevamento calori

Tasso di concepimento

Calori disponibili

Figura 1 - Questionario impiegato nella rilevazione dei fattori di rischio per la febbre Q
e dei dati riproduttivi, nelle 28 aziende considerate.
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vità a C. burnetii. I risultati sono stati considerati come stati-
sticamente significativi a valori di P <0,05.

RISULTATI

Complessivamente 16 aziende su un totale di 83 sono risul-
tate positive all’esame PCR effettuato sul latte di massa, con
una prevalenza del 19,3%. Nello specifico, nella provincia di
Como il valore si attesta sul 15,2% (7 aziende positive su 46),
in quella di Lecco sul 24,3% (9 aziende positive su 37; Fig. 2).
Tra le aziende positive, 7 (43,7%) effettuano la vendita diret-
ta di latte crudo.
Dai dati relativi alla gestione dei fattori di rischio, emerge la
carente gestione del parto, che non si differenzia fra i 2 grup-
pi di aziende e il generale mancato utilizzo di maschere pro-
tettive, mentre solo in 7 aziende su 10 si indossano guanti
durante l’assistenza al parto. 
Al contrario, è risultato statisticamente significativo il dato
inerente al passaggio di greggi su terreni coltivati destinati al-
l’alimentazione delle bovine, che si verifica in 12 casi su 14
(85,7%) e in 7 controlli su 14 (50%; Fig. 3).
Per quanto riguarda i parametri riproduttivi, è stata riscon-
trata una differenza statisticamente significativa fra la fre-
quenza di calori disponibili dei casi e quella dei controlli (P

= 0,026), con valori molto più elevati nelle aziende positive a
C. burnetii (6,8% rispetto a 4,1%; Fig. 4).
Ciò nonostante, il periodo che intercorre fra parto e conce-
pimento è risultato significativamente più elevato nelle
aziende affette da febbre Q, con valori mediamente superio-
ri di 56 giorni (P = 0,01; Fig. 5).

DISCUSSIONE

La prevalenza complessiva della febbre Q riscontrata nel pre-
sente studio (19,2%) è molto inferiore rispetto ai risultati di
recenti indagini condotte in altre province quali Lodi e Cre-
mona (valori >50%8) ed alla stessa media lombarda
(41,1%11). Tale discrepanza può essere ascritta al minor nu-
mero di allevamenti, a parità di superficie, nelle province
prese in esame, ed alla differente consistenza degli stessi, che
vede una densità di vacche molto minore rispetto alle altre
province lombarde a maggior vocazione zootecnica. Infatti la
prossimità delle aziende facilita la diffusione della malattia,
mentre la densità di animali è correlata con una maggior
quantità di batteri eliminati nell’ambiente. La differente pre-

Figura 2 - Aziende positive (%) a C. burnetii nelle province di Co-
mo e Lecco.

Figura 3 - Passaggio di greggi sui terreni coltivati a foraggi desti-
nati all’alimentazione delle bovine, e positività a C. burnetii (%).

Figura 4 - Numero di calori disponibili/bovina, nelle aziende posi-
tive e negative a C. burnetii.

Figura 5 - Distribuzione dei giorni che intercorrono fra parto e con-
cepimento, nelle aziende positive e negative a C. burnetii.
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valenza dell’infezione tra Como e Lecco, può essere spiegata
con la distribuzione delle aziende: nella provincia di Como le
positività a C. burnetii sono state sporadiche, mentre in quel-
la di Lecco è presente un’area caratterizzata da un’elevata
densità di aziende, tutte interessate dalla transumanza di
greggi sui loro terreni, la maggior parte delle quali è risulta-
ta positiva al microrganismo.
L’analisi relativa alla gestione del parto nelle due province
ha dato risultati non soddisfacenti. In primo luogo, attual-
mente un’azienda su 2 non ha una sala parto. Per motivi di
scarsa razionalizzazione degli spazi, le bovine partoriscono
nel box delle asciutte o nell’area infermeria, che spesso non
è sufficientemente pulita, aumentando così il rischio di dif-
fusione della malattia. L’utilizzo di mezzi di protezione per-
sonale durante l’assistenza al parto, è solo parzialmente
soddisfatto, poiché la quasi totalità degli allevatori dichiara
di usare i guanti, ma nessuno utilizza la mascherina per
proteggersi dall’inalazione del batterio. Purtroppo non è
stato possibile indagare la sieropositività degli allevatori e
del personale aziendale, per motivi di privacy e di consen-
so. Infine le placente ed i feti abortiti vengono gestiti gene-
ralmente in modo scorretto, essendo gettati nella fossa di
raccolta dei liquami. È tuttavia emerso come siano rispetta-
ti i tempi minimi di stoccaggio dei liquami, se non in rari
casi in cui l’azienda non dispone di una vasca di raccolta di
dimensioni adeguate.
Fra i principali fattori di rischio della febbre Q, vi sono il
controllo dei ratti e dei volatili: nell’area di studio sono effet-
tuati ovunque piani di derattizzazione molto validi, mentre
non esistono sistemi efficienti per il controllo dei volatili, se
non l’abbattimento da parte di cacciatori. Un reale problema
è invece rappresentato dalla transumanza dei greggi sui ter-
reni adibiti alla produzione di alimenti per le bovine: l’86%
delle aziende positive ha dichiarato di aver visto dei greggi
pascolare sui propri terreni, a fronte del 50% di quelle nega-
tive. Questa differenza significativa conferma come i greggi
erranti costituiscano un reale problema di sanità pubblica,
rappresentando un serbatoio di malattie non solo per gli ani-
mali, ma anche per l’uomo. Come esempio, si può menzio-
nare il focolaio che interessò la casa circondariale di Como,
dove furono accertati 96 casi di febbre Q nei detenuti e nel
personale della struttura, oltre a numerosi casi in persone
che vivevano nei pressi del carcere e in veterinari coinvolti
nelle indagini. L’infezione era avvenuta attraverso l’inalazio-
ne di polveri trasportate dal vento, provenienti dai campi in
cui avevano sostato due greggi di pecore e capre10.
Passando all’analisi degli eventi riproduttivi, la mancanza di
una differenza statisticamente significativa fra il numero di
aborti verificatisi nelle aziende caso e nei controlli, può esse-
re legata al bias relativo alla diffusione di Neospora caninum
nelle aziende controllo. Nel gruppo dei controlli, infatti, le
aziende positive al parassita erano 8 ed hanno registrato 23
aborti sui 30 dell’intero gruppo, in quello dei casi 6 alleva-
menti positivi al parassita hanno documentato 26 aborti su
un totale di 52. Escludendo questi eventi, il numero di abor-
ti scende a 7 per i controlli e a 26 per i casi. D’altra parte, du-
rante lo studio non sono stati effettuati test su feti abortiti o
placente, ma semplicemente è stato chiesto all’allevatore se
era stata diagnosticata in stalla la positività a N. caninum.
Quindi non è possibile né concludere che questi aborti siano
stati causati solamente da uno dei due agenti patogeni, né
escludere una co-infezione da N. caninum e C. burnetii.

I risultati relativi alle metriti e alle endometriti non hanno
mostrato alcuna significatività statistica, in contrasto con le
conclusioni di uno studio recente che ha dimostrato che gli
allevamenti positivi a C. burnetii (PCR su latte di massa)
hanno una probabilità 2,5 volte maggiore di sviluppare
un’incidenza elevata di metriti ed endometriti cliniche11. Il
ruolo del batterio nello sviluppo di queste forme cliniche an-
drebbe ulteriormente approfondito per poter realmente ca-
pire quanto siano gravi le conseguenze dell’infezione nel pe-
riodo successivo al parto.
Per quanto riguarda i parametri riproduttivi, il numero di
calori disponibili è risultato statisticamente superiore nei ca-
si rispetto ai controlli, di fronte a un significativo aumento
del periodo di parto-concepimento, che è in media di 192,45
giorni nei casi e di 135,94 nei controlli. In pratica, nelle
aziende positive a C. burnetii, gli animali arrivano al mo-
mento della fecondazione in condizioni tali da portare l’alle-
vatore e il medico veterinario ad aspettare il successivo calo-
re per procedere alla fecondazione. Ciò significa che media-
mente nelle aziende positive sono necessari 56 giorni in più
per ottenere una gravidanza, in accordo con la correlazione
tra febbre Q e aumento del periodo parto-concepimento di-
mostrata in Spagna12.
Infine, una nota riguardante la commercializzazione di latte
crudo: quasi la metà delle aziende positive pratica la vendita
diretta al consumatore. Nonostante la legge non preveda
controlli o restrizioni obbligatorie legate alla presenza di C.
burnetii nel latte, la possibile infezione e lo sviluppo della pa-
tologia nell’uomo a seguito dell’ingestione di tale alimento è
attualmente un problema controverso. Recentemente infatti,
è stata descritta l’infezione in un piccolo gruppo di consu-
matori abituali di latte crudo, che non avevano avuto contat-
ti con animali o attrezzi dell’azienda dove acquistavano il
prodotto13. Il problema è ancor più grave, poiché la rete di di-
stribuzione del latte crudo è interprovinciale: ad esempio, al-
cune aziende della provincia di Lodi, dove il 55% degli alle-
vamenti è positivo a C. burnetii8, vendono il proprio latte at-
traverso distributori nelle province di Milano e di Monza e
Brianza. D’altra parte, non è prevista la denuncia della ma-
lattia negli animali, se non in particolari condizioni epide-
miologiche correlate all’infezione nell’uomo, e tale evento è
spesso non indagato e non diagnosticato: in assenza di con-
trolli, la lotta contro la diffusione del batterio diventa perciò
piuttosto complicata.

CONCLUSIONI

La fotografia delle aziende infette da C. burnetii, quale emer-
ge dal questionario, mostra come le bovine tardino ad essere
fecondate, si ingravidino ma poi le gravidanze non vadano a
termine, con la conseguenza diretta di una perdita economi-
ca notevole.
Inoltre nelle province oggetto dello studio sono presenti
molti fattori di rischio per l’infezione degli animali e dell’uo-
mo, sia in ambito aziendale, sia extra-aziendale. In azienda,
l’errata gestione di placente e feti abortiti e la mancanza di
efficaci piani di controllo dei volatili sono due punti critici
che non possono essere trascurati. In ambito extra-azienda-
le, fondamentali sono la circolazione di greggi erranti e la
vendita di latte crudo contenente C. burnetii. Per questo è ne-
cessario lo sviluppo di un sistema di controllo, in cui la figu-
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ra del veterinario aziendale potrebbe inserirsi in modo pre-
ponderante, date le sue competenze igienico-sanitarie e in
materia di sanità pubblica.
Infine, è stato individuato un elevato grado di inefficienza
nel sistema di raccolta dati, causato dalla carente diffusione
in quest’area di sistemi informatizzati e dall’assenza di linee
guida univoche sul metodo di raccolta dei dati in azienda. È
una speranza diffusa che questa situazione cambi radical-
mente nei prossimi anni, così da poter analizzare in modo
scientifico una maggior quantità di informazioni attendibili,
al fine di ampliare le nostre conoscenze su patologie ancora
scarsamente comprese, come la febbre Q.

❚ Analysis of reproductive parameters
and evaluation of risk factors 
for Q fever in dairy herds

SUMMARY
Introduction - Q fever is a zoonosis caused by an obligate
intracellular Gram-negative bacterium, Coxiella burnetii,
and it is diffused throughout the world. The microorganism
is able to survive in the environment despite temperature
changes and desiccation, and to elude the host immune re-
sponse. Q fever is typically transmitted by inhalation of con-
taminated aerosols, and the shedding of the bacterium with
milk and feaces can last up to 13 months after parturition or
abortion.
Aim - The present study investigates the correlation i)
among the main risk factors for the disease and the diffu-
sion of the infection in dairy cows in two Lombardy pro-
vinces; ii) between presence/absence of Q fever and repro-
ductive disorders.
Materials and methods - Bulk tank milk from 83 dairy herds
was screened for C. burnetii using PCR, following the proto-
col previously described8. Thereafter, 28 herds were enrolled
in a case-control study. Inclusion criteria were the presence
(case) or the absence (control) of the infection, herd size and
location (case and control were <12 Km apart). A question-
naire was developed and used to collect the data regarding
the risk factors for the disease, the presence of neosporosis,
the direct purchase of raw milk, the occurrence of abortion
and other reproductive disorders. Heat detection rate, con-
ception rate and available heats (calculated on lactating
cows, starting from 50 days after parturition) were also re-
corded. For the statistical analysis, a binary logistic regres-
sion was used, with the presence/absence of C. burnetii as the
dependent variable. The results were considered as signifi-
cant at P values <0.05.
Results and discussion - Overall 16 herds out of 83 tested
(19.3%) were infected by C. burnetii. Among the risk fac-
tors considered, only the presence of flocks grazing on the
meadows of the herd was significantly correlated with Q fe-
ver. Such result is likely related to the poor hygienic practi-
ces used during parturition in all the herds considered but

two. The number of available heats and that of days-open
were significantly higher in the cases than in the controls.
The data regarding the abortion rate were biased by the
presence of neosporosis and the occurrence of abortions
caused by the parasite in the control group. It should be hi-
ghlighted that raw milk was purchased in almost half of the
herds in the case group: if the ingestion as a route of infec-
tion is still debated, the regular consumption of infected
raw milk has been documented as an important risk factor
for human Q fever.
Conclusions - Veterinarian and farmer awareness of Q fever
should be improved for different reasons: economic ones
and reasons related to the public health. On the one side, the
presence of Q fever in the dairy cow was significantly asso-
ciated with an economic loss for the farmer, due to the in-
creased days-open. On the other side, the correlation of
flocks grazing on herd meadows with the infection in the
dairy cow raises the risk of human infection by aerosol. Fi-
nally, a possible risk for the regular consumer of raw milk
cannot be ruled out.

KEY WORDS
Q fever, dairy cow, zoonosis, risk factors, days open.
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INTRODUCTION

Bovine neonates, as soon, after birth, are subjected to an envi-
ronment rich in pathogenic as well as opportunistic Gram-ne-
gative microbial agents. Since they are born essentially agam-
maglobulinemic, infectious diseases (diarrhea, bronchitis,
pneumonia) remain the major cause of calf morbidity, morta-
lity and economic losses to cattle producers17. Neonatal mor-
tality is attributed to the presence of infectious agents (eg. Ro-
tavirus, Coronavirus, Respiratory syncytial virus, enteropatho-
genic Escherichia coli, Pasteurella spp., Salmonella spp. and
Cryptosporidium species), along with immunodeficiency typi-
cal of the calf, and due to seasonality, congenital defects and
poor management conditions. As dairy farms raising thou-
sands animals, usually antimicrobials drugs are added to milk
or milk replacers for prophylactic or metaphylactic purpose2.
Because of concerns that antibiotic use in food animal pro-
duction has the potential to increase antibiotic resistance in
human pathogens, alternative strategies are needed18. Moreo-
ver, the low Ig concentration of calf serum at birth, identified
as Failure of passive transfer (FPT), has been associated with a
high rate of morbidity and mortality. The FPT “status” is a se-
condary immunodeficiency characterized by total serum pro-
tein (TP) concentration equal or lower than 50 g/L and IgG
concentration equal or lower than 10 g/L at 24 hours from
birth6. It is therefore defined that a high quality colostrum,
must submit an IgG concentration >50 g/L, but in the field,

the concentration varies greatly, from 9 g/L up to 186 g/L20.
The aim of this study was to evaluate the efficacy of a new hy-
perimmune bovine plasma obtained from four Holstein cattle
imported from Denmark, that underwent to a specific pro-
gram of hyper-immunization. Denmark is a country classified
as A category for bovine infectious diseases, unlike other Eu-
ropean countries, as Italy, classified as B category. The plasma
used in the present study is different from the others already
described in scientific literature for preparation technique al-
so3,9,16. The authors investigated the efficacy of the serum for
prophylaxis and therapy of neonatal diarrhea.

MATERIAL AND METHODS

Plasma technique production
The plasma product was derived from 4 healthy female 24
months old Holstein imported from Denmark (category A
country for the TSE) in order to have no contact with other
cattle and kept isolated (closed herd). The cows were kept in a
paddock, fed with hay and grain. Health checks of the donor
enlistied: 2 negative serological tests at a distance of 30 days of
each other for Tubercolosis, Brucellosis, Leucosis, IBR, BVD,
Leptospira, Blue Tongue, Paratubercolosis, Chlamydia, Piro-
plasmosis, Anaplasma, Q fever and Schmallenberg. In addi-
tion, the day of collection the donor was controlled again for
the presence of viral genome for BVD, IBR, Blue Tongue and
Schmallenberg and lot of production was not released until the
negative results of the above cited investigations. In addition
the plasma was passed through a 0.1 micron filtration, that re-
tains all bacterial and protozoa agent which are therefore not
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SUMMARY
Plasma has been recommended empirically as a prophylactic tool in bovine neonatology. The aim of this study was to evalua-
te the prophylactic and therapeutic efficacy of a new hyperimmune bovine plasma in neonatal bovine diarrhea under com-
mercial dairy conditions. Unlike in other studies, we have purposely imported four healthy Holstein cows from Denmark (clas-
sified as a class A country) so that there were no contacts with other cattle belonging to class B countries to produce the pla-
sma. 263 newborn calves were enrolled. The animals were randomly divided in 2 groups: group A (treated), group B (control).
The serum total protein concentrations (TP) were checked at 24-30 hours after birth and 24 h post-transfusion, in order to in-
vestigate the eventual TP and IgG increase. Group A (n=102) received 300 ml IV of hyperimmune bovine plasma; group B
(n=161) were the control group and received a placebo. Both groups showed a TP and IgG serum increase, but for Group A
with the lowest first mean values, the increase was higher. 173 calves showed diarrhea: 86 received an antibiotic association, 87
were treated with 300 ml of hyperimmune bovine plasma. The results obtained in the present study showed that the admini-
stration of adequately prepared hyperimmune plasma is advisable for the prophylaxis and treatment of neonatal calf diarrhea
and it is able to reduce the use of antibiotics.

KEY WORDS
Calf, failure of passive transfer, neonatal diarrhea, therapy, hyperimmune plasma transfusion.
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retested at every donation. The donors were subjected to a spe-
cific program of hyper-immunization (personal communica-
tions, not disclosable) with commercially available vaccines
against: E. coli, Rota and Coronavirus, Pasteurella, BVD and
Clostridium spp. Plasmapheresis was done by cross-flow filtra-
tion, followed by sterile filtration disposable kits applied to the
machine for collection; the plasma was collected in sterile bags,
while the corpuscles of the blood returned to the donor th-
rough the use of anticoagulant ACD-A. The plasma was the-
refore devoid of cells, while minimizing the risk of anaphylac-
tic reactions. The 300 ml plasma bags were frozen at -80 °C in
one step for 24 hours within 6 hours of collection, then stocked
at -20±5°C. Before releasing production lot for administration,
in addition to the tests on the viral genome, the tests were ma-
de on the same plasma to control the level of total IgG by RID
(> 27 g/L), TP > 50 g/L, ACD-A < 4.73 g/L, the absence of en-
dotoxin, sterility (bacteria, moulds and yeasts). The hyperim-
mune bovine plasma 300 ml bags were produced, stored, fro-
zen and sent to our unit. Then plasma bags were thawed in
bain-marie at 35° C at the farm, before the usage. Serum ad-
ministration procedures were performed on the farm. Admi-
nistration of 0.3 L (1U) of bovine plasma was performed via
jugular vein with 16 G or 14 G catheter (DELTA VEN® 1-DEL-
TA MED® medical device) inserted in a clipped and scrubbed
area using transfusion kit (Midial®, medical device industry,
Trapani, Italy). Infusion was performed slowly (10 ml/kg/h),
and eventual undesirable symptoms were recorded. The pla-
sma administration procedures lasted 20-30 minutes. The ELI-
SA analysis of the sera was carried out at two months intervals
during the trial. The sera were assessed using a validated ELI-
SA test (Bovine IgG ELISA Quantitation Set; No.E10 118;
Bethyl Laboratories®, TX), commercially available. 

The clinical trial
The clinical trial was conducted on a 1’300 cow dairy farm in
the Northern Italy. The farm produces milk for “Parmigiano
Reggiano” cheese and raises calves as its own replacement
heifers and veals for meat production. Historically the mor-
bidity rate of neonatal calf diarrhea during the first two week
of life was 80%. The study was performed between Septem-
ber 2012 and April 2013. The experimental protocol was ap-
proved by Italian Ministry of Health.
Calves were enrolled in the study when the delivery was euto-
cic and congenital disorders were not present. The vitality of
the calves was estimated on a scale from V0 to V3 according to
Szenci15. At birth the calves were weighed and immediately af-
ter birth isolated from the dam; within 3 h approximately 2-3
L of colostrum containing IgG more than 25 g/L were admini-
stered by staff personnel, according to the farm’s own proce-
dures. The dam’s first colostrum was obtained, after teats di-
sinfection, using a transportable milking machine, and admi-
nistered by artificial nipple when the calf made its efforts to
stand. The colostrum was administered according to the intake
capacity of the newborn. The navel was disinfected with a
commercially available spray disinfectant. Subsequently, calves
were fed with 2 meals per day of own farm pasteurized milk,
while hay, weaning feed and water were constantly available.
After the first meal of colostrum the calves were placed in in-
dividual straw-bedded boxes. Males were sold at the end of the
study, while females were kept in the farm after weaning. 
Jugular vein blood samples were taken twice: at 24-30 h and
at 48-72 h of life. The first sample (S1), was collected in a te-

st tube of glass, transported to the laboratory where blood se-
rum was collected by centrifugation (2000g for 10 min at
room temperature) and evaluated for concentration of total
serum protein (TP = g/dl) using a refractometer; the exami-
nations were performed by the same operator. Serum was
then collected into suitable tubes, labelled and frozen (-20°C)
for subsequent IgG concentration analysis (ELISA).
The evaluation of sera for TP with refractometer allowed us
to distinguish and classify subjects with FPT and those with
adequate passive transfer (APT). According to the literature,
the refractometer cut-off of TP was 5 g/dl3,21. Based on the
value of S1 refractometer analysis, 146 calves (62 females, 84
males) were classified as FPT (TP ≤ 5 g/dl), and 117 calves
(62 females, 55 males) as APT (TP > 5 g/dl). They were ran-
domly divided into 2 groups: 
– group A, n. 102: 50 FPT calves (TP ≤ 5 g/dl) and 52 APT

calves (TP > 5 g/dl), treated with 300 ml of bovine hype-
rimmune plasma IV, as forward specified;

– group B, n. 161: 96 FPT calves (TP ≤ 5 g/dl) and 65 APT
calves (TP > 5 g/dl), that received a placebo of 300 ml of
saline solution IV.

The second blood sample (S2) was obtained after the tran-
sfusion of hyperimmune plasma or the placebo infusion. It
was evaluated for TP concentration using a refractometer as
previously described, and the serum obtained after centrifu-
gation was frozen (-20°C) for subsequent IgG concentration
analysis (ELISA). The data of the analysis of sera performed
by ELISA to evaluate the concentration of IgG in the first
sampling (S1), were related to the values   of the S1 refracto-
meter for each calf, used as a reference to assess the level of
immunity.
The plasma administration was performed between the 30th

and 48th (mean = 37.6 h) hour of life, the mean weight at
birth was 44.35±3.72. All the calves that met the criteria of
inclusion (n. 263) underwent to clinical observation till 30th

day of life. The clinical examination of the subjects was
performed according to the scheme reported by Berge et al.2.
The calves were examined daily by farm veterinarians, pre-
viously trained to standardize the clinical evaluations, that
ignored the group memberships of the animals. They were
scored based on the symptoms showed. Animals who repor-
ted: respiratory symptoms (bronchitis, pneumonia aspira-
tion pneumonia), ear infections, omphalitis or signs of arti-
cular ectasia were excluded from the study to be submitted to
the therapy of choice for these pathologies. Within the first
week of life 14 (5.3%) calves (10 males and 4 females) were
excluded from the study because they were affected by the
following pathologies: 6 males and 1 female showed respira-
tory symptoms (bronchitis), 2 males and 2 females omphali-
tis, 1 male and 1 female otitis and 1 male articular ectasia.
The remaining 249 calves were: 76 healthy (groups A: 30, B:
46); 173 calves showed diarrhea (groups A: 26; B: 104). In
subjects affected by neonatal diarrhea, the following clinical
parameters were evaluated: diarrhea score, attitude and
dehydration. When a subject showed diarrhea (score ≥ 1), it
was randomly assigned to one of the following groups:
– antibiotic group (AG): therapy with amoxicillin (140

mg/20 kg) - clavulanic acid (35 mg/20 kg) intramuscularly
(Synulox® - Pfizer- Italy);

– hyperimmune plasma group (T2): IV therapy with hype-
rimmune plasma (300 ml), eventually repeated based on
physical condition of the calf. 
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The 173 subjects with diarrhea were allocated
as follow: group AG composed by 86 subjects
(41 group A, 45 group B); group T2 composed
by 87 subjects (28 group A, 59 group B), trea-
ted with bovine hyperimmune plasma. When
the diarrhea score reported was ≥ 1, the meal
was composed by a commercial rehydration
milk replacer (Lactolyte - Virbac® - Italy) ad-
ministered by bucket with individual calf nip-
ples or, if necessary by a bottle given by the
staff. The clinical examinations were repeated
daily until diarrhea score became 0 within two
consecutive days. The calves had also accessed
to hay and clean water ad libitum. During the
study every 30 d bacteriological, virological
and Cryptosporidium investigations were
performed on a pool of diarrheal samples (on
at least 10 males and 10 females).

Statistical analysis
The data were processed by analysis of varian-
ce14, according to a model that included the
presence of the following fixed factors: group
(2 levels: A, B), sampling time (2 levels: S1,
S2), gender (2 levels: males, females), month
of birth (8 levels, September to April), and in-
teraction between group and sampling, and among group,
sampling and gender. The calf was considered as the experi-
mental unit.
The data collected from group AG and T2 were subjected to
analysis of variance, according to a model that included:
group (2 levels: A, B), type of treatment received during the
illness (2 levels: AG, T2), gender (2 levels: males, females),
month of birth (8 levels, September to April), TP concentra-
tion measured using the refractometer during S1 (2 levels: ≤
5 g/dl; > 5 g/dl), and the interaction among the group during
prophylaxis, the group during therapy of neonatal diarrhea.

RESULTS AND DISCUSSION

The means (±SE) of TP concentration values at S1 (Table 1)
were: for group A 4.49±0.17 g/dl, for the group B was
4.90±0.16 g/dl; while mean values at S2 were 4.82±0.18 g/dl
and 5.02±0.17 g/dl respectively. Therefore the intravenous
treatment with plasma allowed the treated calves (Group A),
which reported a mean initial value statistically lower than
the control calves (Group B) to reach values   of TP not stati-
stically different in the S2 between the two groups. The
means (±SE) of the two groups IgG concentrations are
shown in table 1 with the same trend.
The data about the illness period were for the group T2: 84
calves recovered completely and 3 animals died; while in the
group AG: 83 calves recovered completely and 3 died and the-
re were no statistically differences between the two groups (P
> 0.05). The overall duration of diarrhea was 3.86 d. In group
AG the mean days of antibiotic therapy was 6.31 d; in group
T2 the mean of bags used for therapy was 1.18 (Table 2). The
agents of neonatal diarrhea isolated from the fecal samples
were: Rotavirus, Coronavirus and E. coli. The results reported
for clinical parameters were then processed, considering the
initial membership of subjects (group A, B). Statistical com-

Table 1 - Concentrations of serum total protein (TP) by refractometer (means±SE
g/dl) and levels of IgG (means±SE g/L) by ELISA in two groups A (Treated) and
Group B (Control) of calves.
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parison of the least-square means (LS-means) values for the
distance between the date of birth and the date of the 1st day
with a diarrhea score ≥ 1 was statistically significant (P <
0.05), for the group A that received plasma prophylactic treat-
ment (8.71±0.44 d), compared with the group B (6.79±0.31
d). The statistical comparison between the LS-mean values of
the two groups for the duration of the enteric pathology (days
of diarrhea) was significant (P < 0.01), with values   equal to
3.03±0.24 d for the calves belonged to the group A and to
4.40±0.17 d for the control group B, the difference was stati-
stically significant (P < 0.05) (Table 3). The comparison of

Before treatment (S1) After treatment (S2)

Refractometer (TP g/dl)

Group A (n=102 treated) 4.49±0.17a 4.82±0.18

Group B (n=161 control) 4.90±0.16 b 5.02±0.17

ELISA (IgG g/L)

Group A (n=102 treated) 5.65±0.75a 5.98±0.76

Group B (n=161 control) 7.57±0.52b 7.25±0.62
a-b Different letters in the same column within the same analytical procedures differ (P <0.05).

Table 2 - Comparison between an antibiotic treatment (clavulanic acid and amoxi-
cilin) (group AG) and hyperimmune plasma therapy Group T2 of 173 dairy calves af-
fected by neonatal diarrhea.

Number
Number of Recovered Dead

Therapeutic groups
and %

treatment calves n. calves n.
(means±ES) (%) (%)

Group AG
86 (49.71%) 6.31±1.46 83 (96.51%) 3 (3.48%)(n=86)

Group T2 hyperimmune
87 (50.29%) 1.18±0.8 84 (96.55%) 3 (3.45%)plasma (n=87)

a-b Means within a row with different superscripts differ (P <0.05).

Table 3 - Clinical parameters reported as LS mean ± ES by the
calves in the treatment group and control group related to the
prophylaxis.

Clinical parameter Group A Group B

Time elapsed between birth
8.71±0.44b 6.79±0.31a

and diarrhea (d±ES)

Days of diarrea (d±ES) 3.03±0.24a 4.40±0.17b

Days of antibiotics (d±ES) 3.69±0.52a 6.33±0.41b

Score 1°d±ES 1.87±0.09a 2.48±0.07b

Score 2°d±ES 1.50±0.11a 2.30±0.07b

Score 3°d±ES 0.88±0.12a 1.64±0.082b

Score 4°d±ES 0.38±0.11a 1.00±0.08b

Score 5°d±ES 0.08±0.09a 0.59±0.06b

Score 6°d±ES 0.64±0.08a 0.29±0.05b

Score 7°d±ES 0.11±0.07 0.16±0.05

Score 8°d±ES 0.04±0.07 0.12±0.04

Score 9°d±ES 0.005±0.067 0.09±0.04

Score 10°d±ES 0.004±0.018 0.003±0.01
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tectable up to 32 hours after birth. In fact even if the enterocy-
tes “closure” is approximately at 24 hours post partum, the on-
going transport across the enterocytes, delayed the time of ab-
sorption of macromolecules; so the IgG concentration availa-
ble in the blood does not correspond to is the real amount of
the calf. Moreover, the literature reported that there is a gradual
decline in the calf of circulating IgG starting 24 hours after the
first meal of colostrum during the 3 weeks of life6. Arthington
et al.1 reported, along with other authors13, that the oral admi-
nistration of large quantities of immunoglobulins did not ex-
changeable into an increase in serum Ig concentration, but
evoked a reduced efficiency of absorption; while if immuno-
globulins are administered in small amounts improve the effi-
ciency of absorption. In our study the intravenous administra-
tion - but also the intraperitoneal administration is possible -
of bovine plasma, between 30th and 48th hour of life, allowed
the calves to increase the mean values of TP and IgG serum
concentrations (group A). In our opinion this IgG concentra-
tion gain was the key for the better clinical parameters repor-
ted in calves treated with plasma during the first days of life.
As reported by other authors3 the amount of bovine plasma
administered, is chosen based on predictive calculations of ab-
sorption of IgG in the blood stream, on concentration of the
product, the live weight of the calf at birth and plasma volume
estimated, but the kinetics and the plasma half-life of IgG ad-
ministered IV is not clear. The total volume of blood in animals
is equal to 8% of body weight, the plasma is approximately 5%;
for this reason in our study we chose the volume of 300 ml of
plasma administered at infusion rate of 5-10 ml/kg, whereas
the average weights of the Italian Holstein calf vary between
30-50 kg. For further studies we will investigate if an increase is
detectable when we administered to FPT calves a greater volu-
me of plasma, or a repeated administration over 24 h, since al-
so the literature reported the possibility to use a higher infusion
rate of 40 ml/kg/h in the calf9. The literature reported a wide
difference in levels of TP and Ig concentrations in newborn cal-
ves, that protect against disease. As reported by Furman- Fratc-
zak et al.7 at 24 h of life, a diagnosis of FPT in calves occurs
when the serum IgG concentration is < 10 g/L20,21. Moraes et
al.12 estimated that the level of passive transfer in calves using a
turbidity test and established that FPT occurs in calves with a
serum Ig concentration < 5 g/L. In contrast to the studies in
foals, in calves partial failure of passive transfer is rarely descri-
bed and is underestimated in practice. Gungor et al.8 stated that
after the period of passive transfer, Ig levels < 8 g/L indicate
FPT in calves and concentrations between 8 and 16 g/L indica-
te only partial FPT. In properly protected calves, serum Ig levels
should exceeded 16 g/L. The level of risk differs in calves with
FPT and partial FPT and influences the efficiency of treatment.
Concerning to the literature it is not clear which is the univo-
cal cut-off and analytical procedures to investigate TP and IgG

concentrations, we decided to
choose a value for TP concentra-
tion evaluated with refractometer,
more feasible in a dairy farm con-
dition, to classify immunity levels
of calves enrolled, and then verify
which was the correspondence
with ELISA method in our calves
population. The immunity levels
of calves enrolled in our study was
low. The half-life of maternal IgG
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the scores from the 1st day of diarrhea, up to the 5th day were
highly significant (P < 0.001), with positive differences for
group B, which reported the maximum value for the 1st day
(2.51), then it decreased gradually, and it lost the significance
from the 7th day onwards (P > 0.01). To assess the effect of the
plasma compared to antibiotic treatment, the statistical com-
parison of the means of the clinical parameters during the
follow up were evaluated without considering the immunity
levels (Table 4). The duration of diarrhea in correlation to the
treatments received (group AG, Group T2) are reported in ta-
ble 4. The table 4 shows clearly that a prophylactic use of pla-
sma within the first days of life statistically reduced (P < 0.05)
the persistency of diarrhea. Moreover, in the diarrhoeic cal-
ves, if they were previously treated with plasma, the duration
of antibiotic therapy was shorter (P < 0.05). The overall mean
score at day 1 was 2.29. The statistical comparison of the sco-
res between groups from day 1 to day 3 was statistically signi-
ficant (P < 0.01) (Table 3) and it demonstrated that the
subjects belonging to treatment group A showed lower scores
than the animals from the control group B. The calves in
group B that underwent to antibiotic therapy (group AG) re-
ported the longer therapy days (Table 3).
Based on the results obtained we can report that the prophy-
lactic treatment with hyperimmune bovine plasma IV showed
a positive effect in reducing the severity of neonatal diarrhea in
the calves. The hyperimmune bovine plasma administered as
prophylaxis of neonatal diarrhea reduced the use of antibiotics.
The bovine hyperimmune plasma treatment was efficient and
it could substitute antibiotic therapy as a first tool, decreasing
the widespread use of antibiotics during the first month of calf
life and furthermore it could reduce the risk of antibiotic resi-
stance in farm animals. The minimum level of IgG necessary to
protect a calf from infections depend upon a number of fac-
tors, including the types of bacteria in the environment, the
management, stress factors and the colostral antibody. The re-
sults of Devery et al.5 and Davis and Drackley4 supported the
hypothesis that the production of new IgG by the calf starts at
36 h up to 3 weeks of age and about 1 g of IgG1 per day is the
rate of the increase of endogenous production. The rate of pro-
duction is nothuge, probably it is dependent upon the antige-
nic stress to which the calf is subjected. Moreover, the results of
these investigations confirmed that the newborn calves are in-
capable to absorb colostrum IgG (specifically IgG1) across the
intestinal barrier after about 36 h of age. Current recommen-
dations are to feed 3 to 4 L of high quality colostrum (> 50 g/L
IgG and < 100.000 cfu/mL bacteria) to calves within 6 hours
from birth to protect against failure of transfer of passive im-
munity21. After the first 24 h of life the IgG remained constant
or decreased, and in any case are reduced in the second week of
life6. In a review conducted by Weaver et al.21 was reported that
the peak serum concentration of immunoglobulins is not de-

a-d Means within a row with different superscripts differ (P <0.05).

Table 4 - Clinical parameters reported by the diarrhoic calves related to first grouping and the-
rapy groups.

First Grouping A B

Therapy Antibiotic group Plasma therapy Antibiotic group Plasma therapy
(AG) T2 (AG) T2

Days of diarrhea 3.25±0.34a 2.82±0.32a 5.36±0.26b 3.45±0.23a

Days of antibiotics 3.69±0.52a (*) 6.33±0.4b (*)
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in the calf is 20 days, while for immunoglobulins administered
with the plasma is not known. A better understanding of the
kinetics and especially if exist a possible catabolism of immu-
noglobulins would be necessary. A study focused on the possi-
ble effects of stimulating the immunity of the newborn calf
transfused with hyperimmune bovine plasma could be an
achievement. Chirgerwe and Tyler3 did not investigate the pos-
sible influence of treatment with serum administered intrave-
nously on the future health of the calves. In our study groups
that received treatment with plasma as prophylaxis distingui-
shed for better clinical performance. The plasma administered
also contains other factors than immunoglobulins (coagula-
tion, complement, mediators such as cytokines or interleukins,
etc.) that might act as “stimulant” on the immune system of the
newborn calf. Selim et al.16,17 performed a study using hype-
rimmune plasma and plasma containing antibodies against
membrane antigen of J5 ‘Escherichia coli inoculated subcuta-
neously, resulting in a significant increase in antibody titer in
the treated animals. Chigerwe et al.3 administered plasma pro-
duced in Colorado, intravenously in 17 newborn calves
without getting a significant increase in serum IgG of treated
animals. In any case, the previous studies did not evaluate the
clinical efficacy of treatments. The administration of plasma
remains the treatment that should maximize the therapeutic
possibilities in newborn calves FPT after 24 hours of life, when
the transport of macromolecules in the intestinal epithelium is
no longer possible19. In our study the treatment with bovine
plasma improved the immune protection of calves and it get
the advantage that it can be administered over the 24 hours of
life. Lakritz et al. demonstrated that neutrophilic function are
decreased in calves that failed to absorb colostral lactoferrin,
suggesting that soluble mediators absorbed from colostrum
enhance the immunologic capabilities of the newborn11. Since
overall contribution of soluble factors and cellular transfer in
the neonatal immune response remains to be completely eluci-
date, further study are necessary to investigate the eventually
effects of plasma transfusion in newborn calves immunologi-
cal functions. In our study there have been no undesirable reac-
tions, as reported in other studies3. The international medical
community, institutions and consumers of food of animal ori-
gin increase the need for a drastic reduction in the use of anti-
microbials in intensive farming and development is encoura-
ged and the focus on the management techniques that mini-
mize the use of antibiotics. Under this point of view, an ade-
quate management of a calf, and the possibility of effective pro-
ducts available on the market, which enhance passive immu-
nity of the newborn calf are of crucial importance in dairy cow
industry. When high-quality colostrum is not available, the use
of plasma transfusion is advisable. Since it has been extensively
demonstrated that a high level of colostral immunoglobulins
in the serum of calves improves not only their health and
growth in the first weeks of life, but also their further use as
cows10; the use of a plasma product transfusion as prophylactic
tool is a good, not only on time of birth limited, treatment for
the newborn calves.

CONCLUSIONS

Based on the results the prophylactic treatment with hype-
rimmune bovine plasma IV showed a positive effect in redu-
cing the severity of neonatal diarrhea in the calves. At last we

reported a significant reduction of days of antibiotic therapy.
In the study 83/87 (96.55%) of the animals were recovered by
the treatment with plasma, demonstrating its effectiveness in
the treatment of neonatal calf diarrhea. The hyperimmune
bovine plasma allowed us to reduce the use of antibiotics du-
ring the clinical trial. The present study showed that the bo-
vine hyperimmune plasma treatment is efficient and can sub-
stitute antibiotic therapy as a first tool, decreasing the wide-
spread use of antibiotics during the first month of calf life
and reducing the risk of antibiotic resistance in farm animals.
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INTRODUCTION

The genus Mycobacterium is traditionally divided into seve-
ral groups on the basis of their pathogenicity. A first group,
so-called tuberculosis mycobacteria belonging to Mycobac-
terium tuberculosis complex (MTBC), can cause tuberculo-
sis (TB) in human and animal hosts. Another group consi-
sts of Nontuberculous mycobacteria (NTM) that can cause
a variety of diseases, although generally they are classified
as low pathogenic to humans. The pulmonary diseases are
the most frequent, followed by skin diseases and extrapul-
monary infections in severely immunocompromised pa-

tients. A separate classification is done for Mycobacterium
leprae, which presents unique clinical and biological featu-
res. Although more than 140 species of NTM have been de-
scribed, only a reduced number (25 species) has been
strongly associated with NTM diseases1. The remaining
species are ubiquitous and can be isolated from environ-
ment, including soil, natural and artificial water system2,3.
Most of these species are saprophytic bacteria and only oc-
casionally pathogenic. Despite the low pathogenicity for
humans, an increasing frequency of NTM isolation has
been registered in the last decade, especially in countries
where TB incidence is decreasing2. Their incidence depends
on the presence and distribution in the environment and
on the opportunities of contact. The infection usually oc-
curs during surgical or cosmetic procedures, in occasion of
accidental wounds in immunosuppressed hosts. Recently,
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SUMMARY
Introduction - One of the major problems for the diagnosis of mycobacteriosis is represented by the slow growth of the cau-
sative agents and by biochemical identification tests that often are difficult to interpret and sometimes not decisive. The deve-
lopment of molecular techniques (i.e. PCR) has reduced the time required for the identification of isolates. However, a series
of additional analysis such as PCR, PCR RFLP, PFGE, spoligotyping or sequencing are necessary to correctly identify the My-
cobacterium species.
Aim - The aim of this study was to develop and validate a chip for the rapid identification of Mycobacterium isolates.
Materials and methods - A total of 88 mycobacterial isolates from human and animal samples, including 4 ATCC strains and
two reference strains, used for the production of bovine and avian tubercolins, were examined by chip-based method. All
strains were previously characterized by biochemical and molecular methods. The chip-based method relies on a multiplex
PCR followed by the PCR product hybridization on a chip. M. kansasii, M. gordonae, M. chelonae, M. malmoense, M. flavescens,
M. szulgai, M. simiae, M. abscessus, M. lentiflavum, M. porcinum, M. nonchromogenicum, M. terrae, M. termoresistibile, M. chi-
tae and M. gadium, were amplified and used as negative controls.
Results and discussion - The developed device was able to recognize Mycobacterium genus (MYC), Mycobacterium tuberculo-
sis complex (MTBC), Mycobacterium avium complex (MAC), M. fortuitum (FOR), M. marinum (MAR), M. smegmatis (SME),
M. scrofulaceum (SCR) and M. xenopi (XEN). The concordance between the expected and observed results was 100% with re-
gard to identification of Mycobacterium genus, as well as to the identification of Mycobacterium tuberculosis complex. Regar-
ding to Nontuberculosis Mycobacteria the concordance was 96%. All the isolates were correctly recognized by the chip with ex-
ception of one strain identified as M. fortuitum by 16S rRNA gene sequencing. As expected no signal was obtained analysing
the negative controls.
Conclusion - The developed device was able to characterize Mycobacterium isolates in a single step. It is easy to use, requires
basic knowledge of molecular biology and no special equipment is needed. Moreover, it is rapid, sensitive and specific. The de-
vice was able to distinguish the MTBC, MAC and NTM. Within the group of MTBC the assay was able to differentiate M. tu-
berculosis from M. bovis / M. caprae / M. microti group. Within MAC it was possible to differentiate the M. avium sub. paratu-
berculosis /M. avium sub. avium group from M. avium subsp. intracelluare. The device was also able to identify some impor-
tant pathogenic NTM, such as M. fortuitum, M. marinum, M. smegmatis, M. scrofulaceum and M. xenopi. 

KEY WORDS
Mycobacteriosis, diagnosis, laboratory techniques.

Biagetti_imp:ok  14-06-2016  14:45  Pagina 121



122 A DNA chip-based method for rapid characterization of Mycobacterium isolates

opportunistic infections caused by NTM are more frequen-
tly reported because of the diffusion of immunodepression
in humans as well as in animals, for example for the spread
of human immunodeficiency virus (HIV) in many parts of
the world, aging of the population, industrial breedings or
immunosuppressive therapy in animals. In veterinary field
bovine tuberculosis (bTB) deserves particular attention. It
is an important zoonosis widespread in the world. In indu-
strialized countries, the incidence of bTB has drastically de-
creased in cattle and humans because of the bTB eradica-
tion programs and the practice of milk pasteurization. In
non-industrialized countries, where the control measures
are absent or applied sporadically and the pasteurization is
limited, bTB in animals is still widely distributed4. This
pathology is associated with economic and public health ef-
fects of remarkable importance and with significant impact
respect to the international commerce of animals and ani-
mal-derived products. The major agents of bTB are M. bo-
vis and M. caprae that belong to MTBC5. M. tuberculosis, M.
africanum I and II, M. canettii, M. pinnipedii and M. micro-
ti are also included into the MTBC.
Biochemical characterization of isolates has been the only
and often cumbersome method for the assignment of the
species for a long time. Thereafter, several molecular
methods have been developed and used for epidemiological
and etiopathogenetic studies.
Recently, molecular biology techniques have been demon-
strated to be valid not only for the diagnosis but also for the
identification of Mycobacterium species involved in human
and veterinary medicine. A new molecular epidemiological
tool for species identification and genotyping of isolates be-
longing to MTBC is based on the detection of SNPs. Howe-
ver, this method was unable to type some East African - In-
dian (EAI) strains and Beijing genotypes6.
In order to allow a fast molecular characterization of myco-
bacteria isolates, we developed a new DNA chip and in vitro
assessed the capability in differentiating most relevant Myco-
bacterium species.

MATERIALS AND METHODS

Mycobacterial strains
A total of 82 DNA extracted from human and animal myco-
bacterial isolates (27 human, 39 bovine, 7 fish, 1 pig, 8 wild
boar strains) were collected from the following Italian sour-
ces: Department of Science and Biomedical Technology, Sec-
tion of Applied Microbiology Cagliari University, IZS Lom-
bardia and Emilia Romagna (IZSLER) and IZS Umbria and
Marche (IZSUM).
All samples were previously identified at species level by a
combination of phenotypic, biochemical and molecular tests.
Four reference strains from ATCC - M. tuberculosis ATCC
H37RV, ethambutol-resistant M. tuberculosis ATCC3583,
streptomycin-resistant M. tuberculosis ATCC 35820 and M.
bovis BCG ATCC27291 - and two additional reference strains
- M. bovis AN5 and M. avium D4R, used for the production
of bovine and avian tubercolins respectively - were included
in the study. All mycobacterial strains were inactivated by
heating cultures at 100°C for 30 min. DNA was extracted by
High pure PCR template preparation kit (Roche) according
to the manufacturer’s specifications.

All samples were amplified by a multiplex PCR and assessed
by a biochip assay.

Multiplex PCR amplification
A multiplex PCR was performed with specific primers to
amplify 16S-23S rRNA locus of Mycobacterium spp.7 and the
genomic direct repeat (DR) locus of MTBC8. Five microliters
of DNA from each strain were added to 45 µl of PCR reac-
tion mixture containing 10 mM Tris-HCl (pH 8.3), 50 mM
KCl, 1.5 mM MgCl2, 0.1% Triton X-100, 200 µM (each)
deoxynucleoside triphosphate, 20 pmol of each primer, 1U
of Taq DNA polymerase (all reagents were from Roche). The
thermal profile was composed of an initial denaturation at
96°C for 2 min and 25 cycles with the following steps: dena-
turation at 94°C for 60 sec, annealing at 55°C for 60 sec and
extension at 72°C for 30 sec.

Biochip preparation
The biochip was realized by spotting specific probes through
a piezo - dispensing instrument (Scienion US Inc). The used
probes were from Xiong et al. (2006)7 and Kamerbeek et al.
(1997)8 and are listed in Table 1.
Probe sequences were synthesized to 0.2 µmol synthesis scale,
by a 3400 DNA Synthesizer Applied Biosystems and Applied
Biosystems reagents. Probes were for: M. avium complex
(AVI), M. marinum (MAR), M. scrofulaceum (SCR), M. xeno-
pi (Xen), M. fortuitum (FOR), M. intracellulare (INT), Myco-
bacterium genus (MYC), Mycobacterium tuberculosis complex:
(MTBC); M. smegmatis (SME), 1° (DR) spacer spoligotyping
(SP-F310A), 39° (DR) spacer spoligotyping (SP-F670A), 40°
(DR) spacer spoligotyping (SP-F680A), 41° (DR) spacer spo-
ligotyping (SP-F690A), 42° (DR) spacer spoligotyping (SP-
F700A), 43° (DR) spacer spoligotyping (SP-F710A). All pro-
bes were synthesized with a 5’ poly-T tail of 20 bp to allow
binding to the biochip. Each probe has been suspended in TE
buffer pH 8.1 and diluted to a concentration of 5 ng/µl.
The probes were spotted in a grid with fixed position inside
a support as shown in Fig.1. The plates were then subjected
to a controlled UV irradiation by Bio-Link®, to stabilize the
probe-support binding and then stored at 4°C.

Biochip assay
Synthetic biotinylated DNA oligonucleotides, complemen-
tary to the probes fixed on the chip, were prepared to be used
to test the sensitivity of the device and the diagnostic effi-
ciency of the probes.
An aliquot of 20 µl of each multiplex PCR product, was hea-
ted at 95°C for 10 min and then immediately chilled on ice.
Amplicons were then hybridized on the chip in an appropria-
te buffer. Hybridization with specific probes spotted in requi-
red positions, was performed at 60°C for 1 hour. The biochip
was incubated in phosphatase alkaline streptavidin conjugate
(Roche) at room temperature (RT) for 30 min. Then the bio-
chip was incubated in nitro blue tetrazolium chloride/5-bro-
mo-4-chloro-3-indolyl-phosphate solution (NBT/BCIP - Ro-
che) for 15 min at room temperature in the darkness. BCIP is
the Alkaline Phosphatase-substrate, which reacts further after
the dephosphorylation to give a dark-blue indigo-dye as an
oxidation product. NBT serves as the oxidant and yields also
a dark-blue dye. The reading and interpretation of the hybri-
dization pattern was performed by a BioChip reader and de-
dicated software (bcs Biotech) (Fig. 1).
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To verify the selectivity of the device, the diagnostic effi-
ciency of the probes and the specificity of the amplified pro-
ducts in multiplex PCR, DNA from M. tuberculosis, M. bovis,
M. avium, M. intracellulare, M. xenopi, M. marinum, M. scro-
fulaceum, M. fortuitum, M. smegmatis, was PCR - amplified
with primers Sp1 and Sp27.
DNA from M. kansasii, M. gordonae, M. chelonae, M. mal-
moense, M. flavescens, M. szulgai, M. simiae, M. abscessus, M.
lentiflavum, M. porcinum, M. nonchromogenicum, M. terrae,
M. termoresistibile, M. chitae and M. gadium, was also ampli-
fied and used as negative controls.

RESULT

Reference strains
The ATCC reference strains, as
well as M. bovis AN5 and M.
avium D4R strains, were cor-
rectly identified by the device.
We detected positive signals
with the probes MYC, MTBC,
and for all the DR spacers for
M. tuberculosis (ATCC H37Rv);
with the probes MYC, MTBC
and the DR spacers from 39 to
42 for the streptomycin-resi-
stant M. tuberculosis strain
(ATCC 5820) and the etham-
butol-resistant M. tuberculosis
strain (ATCC 3583); with the
probes MYC, MTBC and the
first 1° DR spacer, for M. bovis
AN5 and BCG; with the probes
MYC and AVI in the case of M.
avium D4ER.

Field strains
Eighty-two strains of human and animal origin were positi-
ve to MYC, classifying all strains within the Mycobacterium
genus (Tab. 2).
We detected positive signals with the probe MYC, MTBC,
and for all the DR spacers for M. tuberculosis; with the pro-
bes MYC, MTBC and the first 1° DR spacer for 14 M. bovis
strains, and with the probes MYC and MTBC for M. caprae,
M. microti and four M. bovis strains.
M. avium subsp. avium, M. avium and M. avium subsp. para-
tuberculosis were positive with the probes MYC and AVI. M.

Table 1 - Primers and probes used in this study.

PRIMER Sequence 5’- 3’ PROBE Sequence 5’- 3’

DRa GGTTTTGGGTCTGACGAC 1° DR ATAGAGGGTCGCCGGTTCTGGATCA

DRb CCGAGAGGGGACGGAAAC 39°DR GACGATGGCCAGTAAATCGGCGTGG

40°DR CGCCATCTGTGCCTCATACAGGTCC

41°DR GGAGCTTTCCGGCTTCTATCAGGTA

42°DR ATGGTGGGACATGGACGAGCGCGAC

43°DR CGCAGAATCGCACCGGGTGCGGGAG

Sp1 ACCTCCTTTCTAAGGAGCACC FOR ACAAACTTTTTTGACTGCCAGACAC

Sp2 GATGCTCGCAACCACTATYCA INT GGTCGATCCGTGTGGGTCC

SME AACGTTGAGATGCGGTGTGGT

MTBC TGCATGACAACAAAGTTGGCC

MYC GTGGTGGGGTGTGGTGTTTG

AVI AACACTCGGTCCGTCCGTGT

MAR AACATCTCTGTTGGTTTCGG

SCR ACTCGGCTCGTTCTGAGTGGT

XEN TGTTGGGCAGCAGGCAGTAAC

Figure 1 - Workflow of method and specific pattern hybridization.
AVI: probe for M. avium complex; MAR: probe for M. marinum; SCR: probe for M. scrofulaceum; Xen: probe for M. xenopi; FOR: probe for M.
fortuitum; INT: probe for M. intracelluare; MYC: probe for M. genus; MTBC: probe for M. complex; SME: probe for M. smegmatis; SP-F310A:
1° DR spacer spoligotyping; SP-F670A: 39° DR spacer spoligotyping; SP-F680A: 40° DR spacer spoligotyping; SP-F690A: 41° DR spacer
spoligotyping; SP-F700A: 42° DR spacer spoligotyping; SP-F710A: 43°DR spacer spoligotyping.
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Table 2 - List of Mycobacterium strains used to validate the chip.

Strain species Probe MYC Probe MTBC Probes DR* Other probes**

strepto resist M. tuberculosis ATCC 5820 + + + -

etam resist M. tuberculosis ATCC 3583 + + + -

M. tuberculosis ATCC H37Rv + + + SPF310

M. tuberculosis human + + + SPF310

M. tuberculosis human + + + SPF310

BCG BCG ATCC 27291 + + - SPF310

M. bovis AN5 Tubercolin production + + - SPF310

M. bovis bovine + + - -

M. bovis bovine + + - -

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - SPF310

M. bovis bovine + + - -

M. bovis bovine + + - -

M. caprae bovine + + - -

M. caprae bovine + + - -

M. caprae bovine + + - -

M. caprae bovine + + - -

M. microti wild boar + + - -

M. avium sub. avium D4ER Avian tuberculin production + - - AVI

M. avium human + - - AVI

M. avium human + - - AVI

M. avium bovine + - - AVI

M. avium wild boar + - - AVI

M. avium wild boar + - - AVI

M. avium wild boar + - - AVI

M. avium wild boar + - - AVI

M. avium complex pig + - - AVI

M. avium sub. paratuber. bovine + - - AVI

M. avium sub. paratuber. bovine + - - AVI

M. avium sub. intracellulare human + - - INT

M. marinum human + MAR

M. marinum fish + - - MAR

M. marinum fish + - - MAR

M. marinum fish + - - MAR

M. marinum fish + - - MAR

M. fortuitum human + - - FOR

M. fortuitum human + - - FOR

M. fortuitum fish + - - -

M. scrofulaceum human + - - SCR

Continued →

Biagetti_imp:ok  14-06-2016  14:45  Pagina 124



*DR: probe: 39° DR (SP-F670A, 40° DR (SP-F680A), 41° DR (SP-F690A), 42° DR (SP-F700A) 43° DR (SP-F710A).
* *other probe: 1° DR (SP-F310A), AVI, INT, MAR, SCR, FOR, XEN, SME.
N.D.: not determined.
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intracellulare was positive with the probes MYC and INT. M.
marinun was positive for the probes MYC and MAR. The two
human M. fortuitum strains were positive for MYC and FOR;
on the other hand the M. fortuitum isolate from fish was po-
sitive with the MYC probe only; M. scrofulaceum strains were
positive with the probes MYC and SCR; M. xenopi strains we-
re positive with the probes MYC and XEN. Finally M. smeg-
matis strains were positive with the probes MYC and SME.
The others NTM used as negative controls, such as M. kansa-
sii, M. gordonae, M. chelonae, M. malmoense, M. flavescens, M.
szulgai, M. simiae M. abscessus, M. lentiflavum, M. porcinum,
M. nonchromogenicum, M. terrae, M. termoresistibile, M. chi-
tae and M. gadium were positive with the MYC probe only.

DISCUSSION

The results showed that the chip is suitable to identify Myco-
bacterium isolates of both human and animal origin.
The SNPs-based chip recently developed6 needed addition
SNPs to increase the discriminatory power for the East Afri-
can-Indian (EAI) genotype and to distinguish M. canettii, M.
caprae and M. pinnipedi from the other MTBC members6.
The device here developed is able to discriminate the MTBC
from MAC and NTM. Within MTBC it is possible differen-
tiate, in a single step, M. tuberculosis from M. bovis / M. ca-
prae / M. microti group based on the positivity of the DR spa-
cers (see Results) with the exception of the two resistant M.

Table 2 - Continuation.

Strain species Probe MYC Probe MTBC Probes DR* Other probes**

M. scrofulaceum human + - - SCR

M. smegmatis human + - - SME3

M. smegmatis bovine milk + - - SME

M. xenopi human + - - XEN

M. xenopi human + - - XEN

M. kansasii bovine + - - ND

M. kansasii bovine + - - ND

M. kansasii human + - - ND

M. kansasii bovine + - - ND

M. kansasii human + - - ND

M. gordonae human + - - ND

M. gordonae human + - - ND

M. gordonae human + - - ND

M. gordonae fish + - - ND

M. chelonae human + - - ND

M. chelonae human + - - ND

M. chelonae bovine + - - ND

M. malmoense human + - - -

M. flavescens human + - - ND

M. szulgai human + - - -

M. simiae human + - - -

M. abscessus human + - - -

M. lentiflavum bovine + - - -

M. porcinum fish + - - -

M. nonchromogenicum bovine + - - -

M. nonchromogenicum bovine + - - -

M. nonchromogenicum bovine + - - -

M. terrae bovine + - - ND

M. terrae bovine + - - ND

M. Spp wild boar + - - -

M. Spp wild boar + - - -

M. Spp wild boar + - - -

M. Spp bovine + - - -

M. termoresistibile bovine + - - -

M. chitae bovine + - - -

M. gadium human + - - -

M. gadium human + - - -

Biagetti_imp:ok  14-06-2016  14:45  Pagina 125



126 A DNA chip-based method for rapid characterization of Mycobacterium isolates

tuberculosis strains that were both negative for the 1°DR spa-
cer. Within MAC it is possible to differentiate M. avium sub-
sp. paratuberculosis / M. avium subsp. avium from M. avium
subsp. intracellulare and within NTM it is possible to distin-
guish M. fortuitum, M. marinum, M. smegmatis, M. scrofula-
ceum and M. xenopi.
The biochip developed is rapid, sensitive and specific. It pre-
sents a diagnostic sensitivity of 100% for the Mycobacterium
genus. The diagnostic sensitivity at species level is about 96%
(67% for M. fortuitum and 100% for all other species). The-
refore, the chip is a quick (3.5 h from PCR to results) and re-
liable method for the simultaneous characterization of my-
cobacterium isolates.
In human field, the correct species identification is very im-
portant because NTM have a different clinical relevance and
different drug susceptibility. In veterinary field the NTM re-
present a large part of the mycobacteria population that ha-
ve been under diagnosed and therefore underestimated de-
spite their significant impact on animal health. They cause
infection, lost of productivity and interfere with the diagno-
sis and control bTB. In addition, the accurate identification
of NTM is also important for epidemiological studies. So-
metimes NTM can co-exist with bTB in the same herd or in
the same animals and lead to misdiagnosis9. For this reason
it is useful to have a sensitive and specific method capable of
discriminating tuberculosis mycobacteria from NTM. The
device is not able to discriminate M. bovis from M. caprae
and M. microti within the MTBC, but the chip is open to
continuous development by inserting specific probes of
other mycobacteria species according to the diagnostic re-
quirements. We synthesized the probes with a spacer to allow
the binding to the biochip support and the enhancement of
signal intensity10. Results were read by a reader without “per-
sonal interpretations”. We included in the study many species
and some subspecies of mycobacteria previously typed by
biochemical and/or molecular techniques in order to evalua-
te the specificity of the device. No signal was detected by
using DNA from M. malmoense, M. abscessus, M. szulgai, M.
simiae, M. lentiflavum, M. porcinum, M. nonchromogenicum,
M. termoresistibile, M. chitae M. gadium. This study shows
that there is not cross-hybridization between the samples
and the probes and therefore the result is unambiguous.
Furthermore it is possible to process a large number of sam-
ples in a single step in 3.5 hours. For these characteristics the
chip can be adopted in those laboratories involved in human
and animal public health. 

CONCLUSION

The device is able to characterize mycobacterium isolates in
a single step by performing a Multiplex PCR and then hybri-
dizing the PCR products on a chip. It is easy to use and re-
quires no special equipment. The device can be used by la-
boratories with basic knowledge of molecular biology. In
conclusion the chip is a quick (3.5 h from PCR to results)
and reliable method for the simultaneous characterization of
mycobacterium isolates.

The study was supported by the Italian Ministry of Health
grant IZSUM 11/07 RC (Studio, sviluppo e validazione di
nuove tecniche diagnostiche biomolecolari (chip) per la sa-
nità pubblica).
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INTRODUCTION

In intensive pig farming, the pigs are housed indoor for al-
most the whole production cycle and are thus exposed con-
tinuously to gaseous and particulate pollutants1. Dust and
emission of gaseous compounds of low molecular weight
arising from slurry are the two main issues responsible for
environmental pollution as well as deterioration of human
and animal welfare condition. Their presence in the slurry
and subsequently in the atmosphere raises two concerns: a)
the chronic exposure of animals and workforce to aerial pol-
lutants2, b) the general impact on the aquatic, terrestrial and
atmospheric ecosystems3. Many of the compounds identified
in pig slurry have low olfactory thresholds4. The increasing
ecological awareness and the expansion of residential plots
towards farming areas has created conflict of interest as resi-
dents are becoming less inclined to tolerate foul odours of
the farms pervade the neighbourhoods5. The concentrations
of the main pollutants in livestock buildings have been mo-
nitored in many countries and is now an important goal for

the whole pig industry to reduce effectively the emission of
such compounds. Several techniques for abatement and con-
trol have been trialled, however, the production and emis-
sion of polluting gasses and dust are still difficult to keep un-
der control and will be discussed in the present review.

RELATIONSHIPS BETWEEN
ATMOSPHERIC POLLUTION
ON PIG FARM AND INCIDENCE
OF RESPIRATORY PATHOLOGIES

Respiratory diseases are of great concern in pig farming6. En-
zootic pneumonia is one of the major respiratory diseases fol-
lowed by atrophic rhinitis and pleuropneumonia. The expo-
sure to ammonia (NH) can play an important etiological ro-
le in the development of a chronic respiratory syndrome in
pig farmers7. Pigs can be affected by the exposure to air pol-
lutant in a similar way to the people, more intensively but for
much shorter periods, typically only for a few months for 24
hours a day. The effects of poor air quality on pig production
and the constant exposure to aerial pollutants have been
linked to the aetiology of multi-factorial respiratory diseases
in livestock8. Dust seems to play an important role, so as logi-
cal consequence high concentration of dust and gases may re-
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SUMMARY
Respiratory diseases are of great economic concern in intensive pig farming. The pigs are housed indoor for almost the whole
production cycle and are thus exposed continuously to gaseous compounds and low molecular weight arising from slurry and
responsible for environmental pollution as well as deterioration of human and animal welfare condition. The presence of the-
se pollutants causes the chronic exposure of animals and workforce to aerial pollutants and has a general impact on the aqua-
tic, terrestrial and atmospheric ecosystems. They are classified among the air pollutants due to their hazardous properties as
many of such compounds can contribute to stratospheric ozone depletion, global warming, and ozone formation in the tro-
posphere. Many of the compounds identified in pig slurry have low olfactory thresholds and their concentration in livestock
buildings have been monitored in many countries. The increasing ecological awareness and the expansion of residential plots
towards farming areas has created conflict of interest as residents are becoming less inclined to tolerate foul odours of the farms
pervade the neighbourhoods. The greatest challenge in managing the pig waste is the disposal of large quantities of slurry and
manure that at the moment is most commonly disposed of by application to land as fertiliser. The effective reduction of the
emission of gaseous compounds and low molecular weight arising from slurry is an important goal for the whole pig industry
and several techniques have been trialled, including the use of vermiculite-based feed additives in fattening pigs. The inclusion
in pig diet of clay minerals for reduction of pollution from pig slurry have some positive effects on production performance,
carcass yield and composition. Moreover, silicates can reduce manure pollutant without detrimental effect on production, car-
cass and meat quality. In the present review, the use of vermiculite-based feed additives as possible control strategy for redu-
cing environmental pollution from pig slurry will be discussed.

KEY WORDS
Vermiculite, ammonia, nitrate, pig growth, environment.
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duce productivity of pigs9. Urbain10 reported bronchial in-
flammation in pigs artificially exposed to dust from feed at
concentrations from 1 to 15 mg/m3, however the same treat-
ment had no effect on the state of the nasal mucosae. In ex-
perimentally induced infection by toxigenic Pasteurella mul-
tocida type D, Hamilton et al.11 describe the direct and indi-
rect mechanisms by which ammonia and dust can play role in
the pathogenesis of the disease. Similarly, Andreasen et al.12

have shown that continuous exposure to either 50 or 100
ppm ammonia enhanced the colonisation of the nasal turbi-
nate by toxigenic Pasteurella multocida. Moreover, in induced
infection of Pasteurella multocida combined with Mycopla-
sma hyopneumoniae, the exposure to 50 ppm ammonia is un-
likely to predispose growing pigs to pulmonary infection and
no significant effect was found on pneumonia, conchal
atrophy or liveweight gain13. Dust concentrations equal or hi-
gher than 1.5 mg/m3 adversely affect the production perfor-
mance14. Jones et al.15 found that weaned pigs have a delayed
aversion to ammonia at concentrations of 10 ppm and above.
Some farms and livestock buildings more than others have le-
vels of aerial pollutants that may be associated with porcine
respiratory disease15. In a large scale study by Done et al.16

weaned pigs were housed in a purpose built building equip-
ped with artificial ventilation for five weeks and exposed to
ammonia at concentration of 0.6 to 37 ppm and to inhalable
dust at concentration of 9.9 to 12 mg/m3. The exposure was
not associated with an increase in the incidence of respiratory
or other diseases. On commercial units for pig weaning, the
quantities of dust and ammonia normally found in buildings
are unlikely to be associated with respiratory diseases as long
as good husbandry practices are implemented. All stocking
density must be kept at the minimum level possible as crow-
ding and low air volume per pig have been identified among
the risk factors for respiratory diseases6. Extensively housed
pigs had reduced prevalence of enzootic pneumonia lesions if
pen space and air volume were kept at above-average stan-
dards17. The findings reported above should be sufficient to
justify the objective of reduction of gaseous emissions and
dust in the atmosphere to safeguard the welfare of pigs. In this
context, the correct management of by product waste have a
key role in keeping acceptable environmental condition.

AERIAL POLLUTION 
OF AMMONIA AND NITRIC OXIDE
FROM PIG SLURRY

Inorganic and organic volatile compounds can be released
from pig manure and slurry18. They can contribute to strato-
spheric ozone depletion, global warming, and ozone forma-
tion in the troposphere19. Prolonged exposure of human
beings to some of these compounds has been associated to va-
rious health problems as eye and throat irritation, damage to
liver and central nervous system and carcinogenic effects20. In
a study on swine slurry lagoons O’Neill et al.21 have identified
160 odorous compounds of different origin. Among the diffe-
rent components of pig slurry ammonia is one the major con-
tributors to environmental pollution22 and can account for the
40% of total nitrogen in raw slurry23. Urea, which represents
more than 95% of the total nitrogen in pig urine24, is conver-
ted into ammonia and carbon dioxide by the enzyme urease25.
During storage, ammonia is produced in variable quantities

depending upon temperature and aeration of the slurry26. As
stirring and aeration of slurry is a common practice on farm,
it is important to note that during the process not only is am-
monia released but also nitrous oxide (N2O) gas, which can
account for up to 13% of the total slurry nitrogen content27.
Nitrous oxide gas is one of the causes of stratospheric ozone
depletion, global warming and climate change28. The global
warming potential of N2O is about 250 times higher than car-
bon dioxide and agriculture is estimated to contribute from 65
to 80% of the total nitrous oxide produced by human activity
which amount to around 2 Tg N2O-N/yr29. Nitrous oxide re-
presents up to 30% of the total nitrogen content of the raw
slurry30 and is released in the atmosphere mainly during sto-
rage. Nitrification and denitrification are the main source of
nitrous oxide from slurry. N2O is generated during nitrifica-
tion from an intermediate ahead of nitrite31 and the higher the
ammonium concentration in the slurry, the more nitrous oxi-
de is released into the atmosphere. The production of N2O is
considerably increased if nitrification is incomplete as result of
short residence times, nitrite accumulation and low oxygen
concentrations32. Goreau et al.33 investigated the bacterial spe-
cies involved in the process and found that Nitrosomonas is re-
sponsible for N2O emission rather than Nitrobacter. During
denitrification more N2O is produced if the process is incom-
plete. Variations in oxygen concentration determine different
levels of inhibition of the enzymes, as the N2O reductase is
more susceptible to oxygen than nitrate and nitrite reductase.
The reduction of N2O is a slower process under low oxygen
pressure than the reduction of nitrate and nitrite34. In condi-
tions of high aeration the inhibition of the denitrification path
due to increased oxygen concentration leads to a reduced effi-
ciency of the nitrous oxide reductase enzyme with the conse-
quence of an incomplete denitrification and N2O emissions.
However, nitrification and denitrification can take place si-
multaneously at low level of aeration with N2O emissions re-
ported to be lower than emissions observed during conti-
nuous aeration35. In mixed aerobic and anaerobic system de-
nitrification intermediates such as NO2, NO, N2O accumulate
temporarily36 and sufficiently long anoxic period are required
to allow enzyme activation. In intensively farmed areas of Eu-
rope the nitrogen load exceeds the farm nitrogen require-
ments and thus the disposal of slurry can potentially cause ha-
zardous nitrate pollution of ground water37. Therefore, the sa-
fe and efficient disposal of slurry is a subject of common con-
cern in most areas of specialised livestock production38.

STRATEGIES TO CONTROL AERIAL
POLLUTION FROM PIG SLURRY

The legislation is tightening pollution prevention39,40,41 and
creating a need for the industry to produce cost effective and
innovative methods to reduce the pollution sourced from pig
slurry. The issues have to be addressed by setting out objec-
tive methods of measurement for polluting emissions and
establishing the efficacy of mitigation techniques5,29. Many
research groups investigated ways to reduce odorous and
polluting compounds by modifying the composition of uri-
ne and faeces with the aim of reducing the urea and total ni-
trogen excretion. Some researchers focused their attention
on lowering the Crude Protein (CP) content in the diet and
thus the nitrogen intake:
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The most common method used to reduce the pollution ha-
zard from slurry is the microbial aerobic and anaerobic degra-
dation during storage. To exploit the microbial nitrification
and denitrification several systems have been conceived63. The
transformation of nitrogen in the slurry is influenced mainly
by the level of aeration, the carbon content and residence time
of the slurry in the reactor. Typically, nitrification takes place
at dissolved oxygen concentration of above 1-2% of saturation
and with a residence time of more than three days64 whereas
denitrification typically occurs when the dissolved oxygen
concentration is below 10-15% of saturation65. 
The aim of the aerobic-anaerobic system is to keep the dissol-
ved oxygen concentration in the slurry between 1 and 10% of
saturation. Preferably make use of raw slurry of high carbon
content to reach full oxidation of ammonium (95%) and re-
moval of 66% of the total nitrogen66. During continuous ae-
robic treatment, an increased length of the anaerobic storage
can prevent N2O emissions and promote full denitrification
with production of nitrogen gas66. However, if aeration starts
before denitrification is completed, the N2O previously accu-
mulated in the liquid is released in the atmosphere. Any im-
provement in the efficiency of the aerobic and anaerobic mi-
crobial and enzymatic activity should increase the efficiency of
nitrogen removal from slurry. Up to now many of the solu-
tions above have been used to achieve compliance with more
stringent health, welfare and environmental regulations67.
However, the cost of abatement can be prohibitive thus diffe-
rent sorts additives have appeared on the market to reduce the
odorous emissions from manure and slurry.
These products mixed with the manure should alter the che-
mical, physical and biological processes responsible for the
polluting emissions. It is possible to include some of the ad-
ditives for waste treatment in the animal feed instead of ad-
ding them in the slurry or manure storage system68. Some at-
tempts to reduce ammonium in pig intestine have been ma-
de by administering antibiotics61. This resulted in a reduc-
tion of ammonia produced in the hind-guts and increased
the production performances, however routine administra-
tion of antibiotics for enhancing growth is not a reasonable
path to follow as it increases considerably the risk of develo-
ping bacterial strains resistant to antibiotics.

STRUCTURE AND CHEMICAL
PROPERTIES OF CLAY MINERALS

Vermiculites and Zeolites are the two categories of silicates
most commonly used for waste processing and in the animal
feed. Zeolites are part of tectosilicates group, at the present 39
natural zeolites have been identified whilst around 100 zeolites
are synthetic69. The name is of Greek origin meaning “boiling
stones” because of intumescences occurring when the mineral

Method Result Reference

Multiphase feeding at Reduction of N excretion (42)
reduction of 1% in dietary CP by 50%
content in comparison to a
single control diet of 16.7% CP

Multiphase weekly mixing Reduction of N in faeces (43)
of feeds at 17% and 13% CP by 10-20%

Use of different rations Reduction excretion (44, 45, 46)
for pregnancy (14% CP) and of nitrogen by 20%
lactation (12% CP)

Reduction of dietary CP No negative effect on (47, 48)
from 16.6% to 13% growth rate, feed intake

and carcass
characteristics

Pigs fed with low CP supplemented with amino acid had
slower growth than those fed the control diet47. In addition,
pigs fed with similar diets tend to increase body fat compared
with pigs receiving higher levels of dietary CP46. Several papers
describe the effect of dietary protein on ammonia emission:

Method Result Reference

Decrease of CP content Decrease of urinary (48, 52)
in the diet nitrogen excretion and

total nitrogen content
in the slurry

Decrease of pH in the slurry Reduction of ammonia (49, 50, 51)
volatilisation

Other authors tried to increase the dietary crude fibre con-
tent to modify nitrogen excretion53. The high energy supply
of fermentable organic matter increases energy available for
microflora and increases secretion of urea from the blood in-
to the large intestine. As urea is broken down to ammonia by
bacterial urease, microbial growth and protein synthesis are
enhanced, as result less ammonia is reabsorbed from the co-
lon, the microbial protein is finally excreted in the faeces thus
nitrogen excretion shifts from urine to faeces54,55. The pH of
urine influences ammonia volatilisation modification of the
dietary electrolyte balance56. The addition of non-starch
polysaccharides in the diet to promote Volatile Fatty Acid
(VFA) formation, influence pH and thus ammonia volatili-
sation. Increasing the VFA formation in the faeces and slurry
lead to a higher nitrogen excretion through the faeces in the
form of bacterial protein and a lower excretion through the
urine in the form of urea52,57. Similarly, feeding clinoptilolite
to growing pigs reduced the absorption and thus also the
conversion of ammonium to urea, which resulted in reduced
excretion of nitrogen with urine58. Other authors found that
the addition of clinoptilolite resulted in a lower energy con-
tent of the diet and a reduction in daily gain whilst feed in-
take and feed conversion ratio were not affected:

Method Result Reference

Combination of clinoptilolite addition and diet at 16.5% CP in piglet Increasing of piglet weight at birth and weight gain (59)
during lactation

Combination of clinoptilolite addition and diet at 16% CP No effect on body weight gain to feed intake ratio (60)
in fattening pigs

Use of clinoptilolite and diet at 15.2% CP levels Improvement of daily body weight gain (61)

Use of clinoptilolite and diet at 14.6% CP levels Increasing of body weight gain and improvement of diarrhea (62)
condition
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is heated and the rapid evaporation of water increases its volu-
me. A similar property of Vermiculite is known as “exfolia-
tion”: under the pressure of the steam the silicate layers are for-
ced apart from one another, easily take up and lose water mo-
lecules. An increase of the vermiculite flake from 20 to 30 times
the original thickness is confirmed in SEM observations70

showing the consequences of intense heating: at temperatures
of 300-400 °C the vermiculite flakes turn into elongate struc-
tures resembling an earthworm, this is the reason and the ori-
gin of the name vermiculite, from the Latin vermicularis
worm-like shape. The intumescence and exfoliation of vermi-
culite is caused by the dimensional structure of the basic units
in common with other silicate minerals shaped by several fra-
meworks of tetrahedral fashion linked by all their corners. Ver-
miculite is a secondary form of biotite, a mineral of mica
group found in igneous rock formed by the hydration of ba-
saltic minerals classified among the group of phyllosilicate or
sheet silicate71. It appears as a platy mineral with the appea-
rance of golden/brown flakes, which are classified into five gra-
des according to the particle sizes: i.e. the coarse grade consists
of particles ranging from 8 mm to 2.8 mm, while the finest
grade consists of particles ranging from 0.710 mm to 0.250
mm. This classification is important for some technological
applications were particle size makes a significant difference.
The exfoliation property is due to a lattice made of several si-
licate sheets having a sandwich structure made of the tetrahe-
dral sub-units of silica and aluminium (the tetrahedral layers)
joined with a layer made of oxygen, magnesium, and hydroxyl
molecules (the octahedral layer). The layers are arranged as
follow: the octahedral sheet is positioned between two tetrahe-
dral layers, the three resulting sheets are further interspersed
with an ion exchangeable layer, of variable thickness depen-
ding on the interlayer cation present, which is normally ma-
gnesium, and the arrangement of the water molecules associa-
ted with it. Usually one or two sheets of water molecules are as-
sociated with the cations and are interspersed between the sili-
cate layers, so the structure of vermiculite is fundamentally si-
milar to talc by interposition of water molecules in a definite
sheet of 4.98 A° thickness. A common property of vermiculite
is the cation exchange possible as the molecular structure de-
scribed above absorb and retain certain anions and cations in
aqueous solution in exchangeable state. The cations are loosely
bonded to the tetrahedral framework and can be exchanged by
washing with a strong solution of another ion. The exchangea-
bility depends on many factors such as nature of the ion, tem-
perature and pH. At the origin of this phenomenon are two
mechanisms: one is the presence of broken bonds or hydroxyl
groups available for the substitution of cations at the edges and
corners of the silicate layers72. As the particle size and degree of
crystallinity decrease, the number of broken bonds increase
and so does the exchange capacity. The other cause of exchan-
ge capacity is the substitution of cations within the lattice
structure in both the tetrahedral and octahedral sheets known
as “isomorphous substitution”. If the substitution occurs in the
tetrahedral sheet usually the trivalent aluminium cation repla-
ces tetravalent silicon. In the case of substitution in the oc-
tahedral sheet, magnesium or another ion of lower valence can
replace trivalent aluminium. The substitutions can unbalance
the layer structure of the minerals so are often balanced by fil-
ling more than two-thirds of the possible octahedral positions
or by other substitution as OH+ for O, although are more fre-
quently balanced by other adsorbed cations. The bond

strength of the cations to the layer is related to the distance of
the silicate sheet from the ion-exchangeable layer: the charges
resulting from substitutions in the octahedral sheet would ha-
ve to act through a greater distance than the charges resulting
from substitutions in the tetrahedral sheet, so the cations held
because of the latter substitution would be bonded more
strongly than those held by the octahedral sheet. Therefore,
most of the exchangeable cations are accessible on a plane sur-
face. To maximise the cation exchange, the particle size is not
so critical as is the expansion of the silicate sheets since the ra-
te of cation exchange usually increases proportionally to the
exposed surface area. The exchangeability of a cation in the in-
terlayer space depends on the size of the entering cation and on
the strength of the bond between the layers. Vermiculite has a
cation exchange capacity of 120-150 meq/100 g and is able to
substitute Mg2+ and Fe2+ for Al3+ in the octahedral positions
and Al3+ for Si4+ in the tetrahedral positions72.

APPLICATIONS OF CLAY 
MINERALS FOR THE REDUCTION 
OF AERIAL POLLUTION FROM
SWINE FARMING

It is well established that clay minerals such as zeolites and
vermiculite can bind water and ammonia efficiently due to
their ion exchange properties and thus improve the ammo-
nia/ammonium ion equilibrium in water solutions. They can
modulate microbial activity hosting the bacteria within the
porous structure. These are the reasons of the large number
of applications of clay minerals in particular for the extensi-
ve use in waste treatment technologies. Silicate minerals can
enhance enzymatic and microbial transformation of many
substances including proteins carbohydrates, phenolic com-
pounds, sulphur and ammonium73. Clays are very abundant
on earth thus are low cost materials virtually non-toxic that
can be fed to animals. Trials in laboratory condition on com-
posting of pig and cattle fresh slurry with the addition of cli-
noptilolite and phillipsite-rich tuffs showed a significant up-
take of ammonia and consequently reduced emission in the
atmosphere74,75. Several studies have included clays for waste
treatment in the animal feed instead of adding them in the
slurry or manure storage system:

Poulsen et al.58 showed that clays are able to reduce aerial am-
monia shifting the nitrogen excretion from urine to faeces
and consequently reducing urea excretion. However, results
of the several experiments on the effects of clays on pig
growth performance are not completely clear as the variation
in dietary composition might alter the effect of clay mine-
rals79. Vermiculite has been used in large quantities to satura-
te pig slurry and thus bind ammonia to obtain a slow release

Method Result Reference

Zeolitic tuff into the diet Significant reduction (76, 77)
of finishing pigs at 5% rate of odours and reduction

of the aerial ammonia
concentration by
21-28.5%

Clinoptilolite tuff at the Reduction in aerial (78)
supplementation rate of 2% in ammonia level of 27.1%
growing and finishing pig diets

5_Consigliere_imp_OK autore:ok  14-06-2016  14:48  Pagina 132



R. Consigliere et al. Large Animal Review 2016; 22: 129-134 133

of nitrogen for fertilisation80, and as inert support and aid of
microbial fermentation for composting of a wide range of
materials including plastic81. The addition of the clay at 10%
rate over the total litter volume was able to remove volatile or-
ganic compounds with an efficiency of 61.53%82. Vermiculite
added to cow manure has been used successfully83 to enhan-
ce biogas production and reduce the time necessary for star-
ting gas production. Minerals support the adhesion, and sub-
sequently, the growth of bacteria and are a source of nutrients
used by bacteria for a better growth84. This is supported by an
increased initial production of gas in bio-gas plant fermen-
ting slurry mixed with vermiculite83. Finally, it is interesting to
note that vermiculite has been used in diet as adsorbent of
linseed oil84 to “protect” fatty acids from rumen bio-hydroge-
nation, achieving a partial protection of the fatty acids. Fatty
acids are involved in many ‘‘technological’’ features of meat
quality as fat colour, flavour development, oxidation and thus
shelf life due to the different melting point that influences the
hardness or softness of carcass fats (subcutaneous and inter-
muscular) and of the marbling fat (intramuscular)85. The-
refore, any interaction of a new feed additive on fatty meta-
bolism has to be considered carefully.

CONCLUSION

The inclusion in pig diet of clay minerals for reduction of pol-
lution from pig slurry and the effects on production perfor-
mance, carcass yield and composition have been studied in se-
veral papers58,59,60,62,86,87,88. These papers show that the feed in-
clusion of clay minerals had some positive effects on body wei-
ght gain in combination with diet with low CP diet and no ne-
gative effects on carcass quality of growing and fattening pigs
and sensory evaluation of meat and other edible offal as liver,
kidneys and heart62,89,90. In addition to this, Vrzgula and
Bartko91 reported no significant differences in metabolic func-
tions. Therefore, clay minerals can reduce inorganic and orga-
nic volatile compound from slurry without detrimental effect
on production, carcass and meat quantity.
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INTRODUCTION

Equids have relatively large, prominent eyes, which are su-
sceptible to be damaged by straw or dirt from the environ-
ment resulting in more frequently observed ocular infections
than in other domestic animals.1,2

Animal and human eye microflora is normally composed by
several species of fungi and bacteria that remain in a balan-
ce with immunitary system of the host.3,4,5 The resident mi-
crobial flora contributes in preventing overgrowth of patho-
genic bacteria but if the ocular defense barriers become
weak, they may act as pathogens and cause infections.6 If a
corneal abrasion occurs, these non-pathogenic microorga-
nisms may infiltrate the corneal stroma and result in kerati-
tis or in infected corneal ulceration usually difficult to
treat.7,8 Therefore, characterization of conjunctival normal
flora may be useful in treating eye infections. Bacterial and
fungal flora of the normal eye has been reported for diffe-
rent mammals but few studies concerning donkeys are avai-
lable.1,9,10,11,12,13,14 It is known that microbial population of
the horses’ ocular surface is influenced by factors such as
gender, geographic location and housing, so findings from

individual studies may not be applicable to animals reared
in other Areas of the world.4,13,15,16,17 Furthermore, equine
corneal diseases can be affected by seasonal factors such as
temperature and humidity.18

The aim of this study was to evaluate the bacterial and fun-
gal flora of healthy eyes of mixed breed donkeys (Equus asi-
nus) living in the Marche, Umbria and Lazio Regions (Cen-
tral Italy).

MATERIALS AND METHODS

Animals
Between April 2014 and October 2014, 114 mixed breed
donkeys (93 females, 21 males) housed in Central Italy (Fig.
1) were included in the study. Age ranged between 4 months
and 16 years (mean: 7.3 years, SD ± 8.6). Animals were divi-
ded into three age categories: foals: ≤ 1 year, n= 35; young: 1
< age ≤ 3 years, n= 9; and adults: ≥ 3 years, n= 70. For each
animal physical and ophthalmic examinations were perfor-
med. Only animals with none history or clinical signs related
to eye disorders were included in the study.

Areas of sampling
Geographical distribution of sampled animals is reported in
Figure 1.
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SUMMARY
Introduction - The normal eye microflora is composed of several species of fungi and bacteria. If the ocular defense barriers
become weak, they can act as pathogens and cause infections. Therefore, characterization of conjunctival normal flora is es-
sential in making diagnosis and treating eye infections. Bacterial and fungal flora of the normal eye has been reported for dif-
ferent mammals but few studies concerning donkeys are available.
Aim - To evaluate the bacterial and fungal flora of healthy eyes of donkeys (Equus asinus) reared in three different Areas in
Central Italy.
Materials and methods - One hundred-fourteen mixed breed donkeys (93 females, 21 males) housed in Marche, Umbria and
Lazio Region were included in the study and sampled on the ventral conjunctival fornix. Age ranged between 4 months and 16
years (mean: 7.3 years, SD ± 8.6). Animals were divided into three categories: foals: ≤ 1 year, n = 35; young: 1 < age ≤3 years,
n = 9; and adult: ≥ 3 years, n = 70.
Results and discussion - Twenty-one different bacteria genus and thirteen fungi/yeasts were isolated. The emergent Kocuria
spp. was isolated in 61 cases. None significant effect of gender on bacterial and fungal isolation was observed. Significantly
lower bacterial load was recorded in foals than adult donkeys. In relation to the Areas, differences were observed both for bac-
terial and fungal mean loads.
Conclusion - The area in which donkeys are reared seems to be a significant factor influencing the conjunctival bacterial
and fungal flora loads. The emerging human pathogen bacteria Kocuria spp. was isolated for the first time in donkeys. In
the present study, new important information to facilitate the diagnosis of eye disease in an emergent species like donkeys
are provided.

KEY WORDS
Bacteria, conjunctiva, donkey, fungi, Kocuria.
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Area 1. Abbadia di Fiastra (43°13’17’’N, 13°24’19’’E), Marche
Region. Animals in this farm (n = 55) were reared in large
paddocks with graze access and hay available ad libitum.
Milking was performed once a day with automatic machine. 
Area 2. Castelluccio di Norcia (42°49’44’’N, 13°12’21’’E),
Umbria Region. Animals (n = 23) were reared at pasture, ea-
ting grass with no food integration, and used for onotherapy
and trekking.
Area 3. Rignano Flamino (42°12’00’’N, 12°29’00’’E), Lazio
Region. Animals in this farm (n = 36) were reared with a se-
mi-intensive system, housed in small paddock to allow sepa-
ration between different category based on age and month of
lactation. Milking was performed twice a day with automatic
machine.
The temperature in all Areas during the sampling period
ranged from 9.6 °C to 18.2 °C, humidity ranged from 72.1%,
and 84.2%, wind ranged from 3 km/h to 17 km/h (Source:
http://clima.meteoam.it, Military Aviation website).

Sampling
Conjunctival samples were obtained without sedation, nerve
blocks or topical anesthetics. By retropulsing the eye throu-
gh the closed upper eyelid and running a sterile swab along
the surface of the ventral conjunctival fornix, two ocular spe-
cimens from each eye were obtained. Special care was taken
to ensure that the swabs did not come into contact with the
vibrissae, eyelids or eyelashes. Samples were placed in a coo-
led box and delivered to the laboratory within 2-4 hrs.

Laboratory analysis
For bacteriological examination, one conjunctival swab was
aseptically putted into a sterile tube containing 1 mL of 0.9%
saline solution (Oxoid, Milan, Italy), left for 5 minutes at
room temperature and then vortexed for 30 seconds. An ali-

quot, 100 µL, was spread onto Columbia agar plate contai-
ning 5% sheep blood, with and without Streptococcus sup-
plement, Mannitol Salt agar, Mac Conkey agar, Pseudomonas
Cetrimide agar and Burkholderia cepacia selective agar
(Oxoid, Milan, Italy). Plates were incubated at 37 °C for 24-
72 hrs. in aerobic conditions. Gram-positive bacteria were
identified using Gram staining, catalase and coagulase test,
colony morphology, and biochemical gallery (Remel RapID,
Oxoid, Milan, Italy). Gram-negative bacteria were identified
by selective media agar, Gram staining, oxidase test, and bio-
chemical gallery (Remel Rapid ID, Oxoid, Milan, Italy).
Samples for mycological investigation were maintained in 1
mL of sterile saline solution with 50 µL/mL gentamicin and
stored at 4 °C for 24 hrs. An aliquot, 100 µL, was spread on
Sabouraud dextrose agar (SDA, Oxoid, Milan, Italy), incuba-
ted at 25 °C and examined daily over a 21-day period.
Aspergillus species were identified following Rapper and Fen-
nel’s keys (1965) while the identification of other filamen-
tous fungi was achieved to the genus level.19 Yeast colonies
were identified by macro- and micro-morphologic characte-
ristics and on the basis of physiologic characteristics, such as
presence of capsule by India Ink testing, urease production at
25 °C, and the germ tube test. On all isolates the Carbohy-
drate assimilation test was performed.
On each plate, the number of colony forming unit (CFU),
was converted into number of bacteria/fungi per 1 mL of sa-
line solution (equal to the number of flora per eye) using the
equation by Ferguson et al. (2003).20

Statistical analysis
Effects of age, gender, and environment, on bacterial and fun-
gal frequency isolation were determined using χ2 test and an
independent-samples student’s t-test. A multivariate analysis
was performed considering three variables: the age, the gen-
der, and the environment. P- values less than 0.05 were con-
sidered significant. To calculate the sample size the Cannon
and Roe’s (1982) formula was used, considering a population
of about 1,000 donkeys (source: http://statistiche.izs.it), an
estimated prevalence of infection of 2.5%, and a degree of
confidence of 95%.21 Data were analysed using a statistical
software program (STATA, version 13; STATA Corporation,
College Station, Texas, USA).

RESULTS

Twenty-one different bacteria genus (Table 1) and thirteen
fungi/yeasts were found (Table 2). All eyes were positive for
at least one microorganism, except for the 5.9% of eyes of
donkeys reared in Area 2. A total of 0.9% (n = 6) and 13.8%
(n = 50) of eyes resulted negative for bacteria and fun-
gi/yeasts, respectively.
Significant differences for each microorganism and fun-
gi/yeasts per Area are reported in Tables 1 and 2.
None significant effect of gender and age on bacterial and
fungal isolation frequency (P > 0.05) was observed. Male
(21136.8 ± 98439.2) and female animals (31553.5 ±
120329.1; t = -0.9204, P = 0.36) had similar bacterial and
fungal mean loads (Fig. 2), while foals revealed a significan-
tly lower bacterial load (7924.8 ± 18132.2) than adult
donkeys (41281.7 ± 138165.7; t=-3.3985, P=0.001) (Fig. 3).
In relation to the Area, differences were observed both for

Figure 1 - Areas of sampling and geographical distribution of
animals.

Laus_imp:ok  14-06-2016  14:50  Pagina 138



Legend: * P < 0.05

F. Laus et al. Large Animal Review 2016; 22: 137-142 139

Table 1 - Bacterial eye prevalence (%) and CFU/eye mean (±SD).

CFU/eye (x102) - Mean (±SD)
Bacteria Frequency (N) Prevalence (%)

Area 1 Area 2 Area 3

Staphylococcus aureus 91 13.9 0.6* (± 1.6) 1434.5* (± 3464.0) –

S. intermedius group 3 0.4 0.05 (± 0.001) – –

S. epidermidis 46 7.0 0.2* (± 0.4) 518.9* (± 1059.8) 2357.2* (±2595.8)

S. hyicus 22 3.4 0.5* (± 0.7) 626.8* (± 1248.8) 6150.0* (±919.2)

Kocuria rosea 21 3.2 0.1* (± 0.08) 148.2* (± 540.2) –

K. kristinae 40 6.1 – – 730.1 (±1277.6)

Micrococcus spp. 1 0.1 – 0.2 (± 0.1) –

Trueperella pyogenes 83 12.7 0.3* (± 0.4) 1.4* (± 0.1) 178.1* (±163.7)

Corynebacterium jeikeium 37 5.6 0.4 (± 0.4) 2.8 (± 550.3) –

Actinomyces spp. 2 0.3 – 0.4* (± 0.1) 96.0* (± 0.1)

Streptococcus spp. γ 3 0.4 0.05 (± 0.001) – –

S. constellatus 22 3.3 – – 965.6 (± 2160.7)

Enterococcus spp. 43 6.5 - 716.7 (± 1126.8) 820.1 (± 1801.7)

Bacillus cereus 67 10.1 0.09* (± 0.07) 1.2* (± 0.1) –

B. subtilis 96 14.5 0.08* (± 0.04) 356.3* (± 854.4) 969.3* (± 2704)

B. licheniformis 63 9.5 0.1* (± 0.1) 180.9* (± 623.3) 154.7* (± 426.1)

B. thuringiensis 4 0.6 0.1 (± 0.001) – 0.2 (± 0.1)

Pantoea agglomerans 1 0.1 – 0.5 (± 0.1) –

Shigella spp. 6 0.9 – 0.3 (± 0.3) –

Leminorella grimontii 1 0.1 – 0.3 (± 0.1) –

Klebsiella spp. 2 0.3 – 0.5 (± 0.1) –

Negative eyes 6 1.0

Total 610 100

Legend: * P < 0.05

Table 2 - Fungal eye prevalence (%) and CFU/eye mean (±SD).

CFU/eye - Mean (±SD)
Fungi and Yeast Frequency (N) Prevalence (%)

Area 1 Area 2 Area 3

Absidia spp. 8 2.2 10.0 ± 5.8 10.0 ± 0.1 46.7 ± 15.3

Acremonium spp. 6 1.7 10.0 ± 0.1 – –

Alternaria spp. 13 3.6 5.0 ± 0.1 – 18.0 ± 8.4

Aspergillus flavus 23 6.4 6.1 ± 2.2* 110.0 ± 86.0* 7.0 ± 0.1

A. nidulans 44 12.3 10.0 ± 5.5 18.0 ± 17.9 –

A. niger 5 1.4 5.0 ± 0.1* 470.0 ± 0.1* 35.0 ± 35.3

A. ochraceus 22 6.2 8.3 ± 4.4 55.0 ± 63.6 20.0 ± 20.7

A. penicilloides 15 4.2 9.6 ± 5.2 20.0 ± 14.1 –

A. terreus 16 4.5 5.0 ± 0.1* 565.7 ± 1291.7* 10.0 ± 0.1

Mucor spp. 49 13.7 6.1 ± 2.1 23.3 ± 20.6 27.5 ± 24.2

Penicillum spp. 23 6.4 6.7 ± 2.5 20.0 ± 0.1 12.0 ± 6.3

Pichia anomala 63 17.6 23.4 ± 32.3* 185.7 ± 255.6* 302.1 ± 445.7*

Rhodotorula spp. 20 5.6 12.5 ± 6.2 – –

Negative eyes 50 13.8 – – –

Total 357 100
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bacterial and fungal mean loads between Areas 1-2 (bacteria
t = -5.758, P < 10-4; fungi t = -3.1638, P = 0.002); Areas 1-3
(bacteria t = -8.45, P < 104; fungi t = -4.8116, P < 104); and
between Areas 2-3 only for bacteria mean load: t = -2.2528,
P = 0.02 (Fig. 4).
Analysing the data by Area, in the Lazio and Umbria Region
the higher bacterial and fungal mean loads were recorded; in
particular, in the Area 1, significant differences were recor-
ded for bacteria (CFU/eye) between foals (16.1 ± 27.7) and
adult donkeys (39.5 ± 106.7; t = -2.3304, P = 0.02), and for
fungal flora both between foals (13.2 ± 19.5) and adult ani-

mals (7.86 ± 5.0; t = 2.7494, P = 0.01), than between youngs
(3.3 ± 2.4) and adult ones (7.9 ± 5.0; t = -3.4156, P = 0.001).
Analysing the Area 2, significant differences were observed
only for bacterial loads between foals (1129.8 ± 2232.5) and
adult animals (41295.1 ± 90383.3; t = -2.0760, P = 0.04). In
Area 3, the eyes of adult donkeys had more bacterial mean
load (107513.0 ± 218993.0) than foals (25970.2 ± 25173.0; t
= -2.8716, P = 0.004), and slight differences were found for
fungal mean load (26.1 ± 27.1 vs 143.8 ± 336.2; t = -2.0040,
P = 0.048).
In relation to the gender, only in the Area 1 female (33.4 ±
94.0) had a slightly significant greater bacterial mean load
than male donkeys (12.5 ± 11.4; t = -1.9793, P = 0.048).
The statistical analysis carried out by age, confirmed that the
higher bacterial loads were in the Area 3 both for foals (t = -
11.2307, P > 10-4) and adult donkeys (t = -7.1519, P > 10-4);
while in the Area 2 the donkeys showed the higher fungal
loads with significant differences in foals (t = -3.8666, P =
0.0002) and adults (t = -2.4509, P = 0.01).
The multivariate analysis confirmed that the Area in which
donkeys were reared is the significant factor influencing the
conjunctival bacterial and fungal flora mean loads (P <10-4).

DISCUSSION
Staphylococcus spp. strains were confirmed as the most pre-
valent opportunistic Gram-positive bacteria isolated from
conjunctival swabs in animals.4,14,17,22

On the contrary, the isolation of Kocuria spp. was never re-
corded in previous studies. These catalase-positive and coa-
gulase-negative, Gram-positive, coccoid bacteria are usually
found as tetrads and irregular clusters. Bacteria of genus Ko-
curia belongs to the family Micrococcaceae, order Actinomy-
cetales, class Actinobacteria and are frequently found as nor-
mal skin and oropharynx commensals in humans and other
mammals.23,24,25 Kocuria spp. have been ascertained as re-
sponsible for several human infections, mostly in immuno-
compromised hosts and it is considered an emerging micro-
be since 5 of the 19 species in this genus are known to be op-
portunistic pathogen.25,26 The documented infections caused
by Kocuria spp. in humans are limited but many cases might
have been missed owing to their misidentification as Staphy-
lococcus spp. due to the inadequate biochemical tests and to
the automated identification systems.25,26,27

If donkeys can be a potential source of infection for them-
selves or for other animals will require further investigations.
In a previous study performed in donkeys, the prevalent bac-
teria isolated were Staphylococcus spp., and Enterobacter spp.
among the Enterobacteriaceae family.14 The study was perfor-
med in South Italy, with a Mediterranean warm climate, in
semi-intensive stables, and the Authors did not isolate bacte-
ria such as Corynebacterium spp. or Bacillus spp., instead
found in the present study. The findings reported by Foti et
al. (2012) were more similar to those recorded in the Area 2
of our work.14 However, climate and housing of Area 2 were
very different from that of the cited study and it is possible
that different variables have influenced the results, such as
seasonal sampling, not evaluated in this study.
Aspergillus spp., Mucor spp. Penicillum spp., and the yeast Pi-
chia anomala, were the more represented fungal flora, as re-
ported in horses.17 Aspergillus spp., Cladosporium spp., Alter-
naria spp., Penicillium spp., Fusarium spp. and yeasts have

Figure 2 - Bacterial (x102) and fungal mean CFU/eye in relation to
the gender.

Figure 3 - Bacterial (x102) and fungal mean CFU/eye in relation to
the age.

Figure 4 - Bacterial (x102) and fungal mean CFU/eye in relation to
the Areas.
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been predominantly isolated from conjunctiva and cornea of
healthy horses.4,7,16,28 In the present study, Aspergillus spp. was
isolated from 35% of healthy eyes, in accordance with sur-
veys carried out on Amiata donkeys and in horses.1,4,12,29

Furthermore, a high percentage (17.6%) of isolations was
observed for the yeast Pichia anomala, close to the 11% re-
corded by Nardoni et al. (2007), but much high if compared
with that observed in horses.12,16,29 This high frequency of Pi-
chia anomala could be a typical feature of donkeys and
should be further investigated.
In this study the Authors have compared results with those of
a previous one performed on horses living in the similar geo-
graphic Area, and with the same climate, showing that the
donkeys’ conjunctiva is more colonized by fungi than those
of horses, even if this difference is not significant.29

In the present study, no differences between male and fema-
le have been found, except for the Area 1 where a weak signi-
ficant difference was observed. An explanation for this data
cannot be provides and only an influence of the hormonal
stress of pregnancy can be supposed.
The study revealed Gram-negative flora only in the Area 2
where young donkeys were positive for Shigella spp. and
Klebsiella spp., while adult donkeys were positive to all the
four Gram-negative isolated bacteria (Pantoea agglomerans,
Shigella spp., Leminorella grimontii, and Klebsiella spp.).
Foals from the three Areas had an exclusive Gram-positive
flora. Moreover, a significant increasing trend of mean bac-
terial load with age has been found in each Area, with higher
mean bacterial load in adult donkeys reared in the Area 3
and higher mean fungal load in adult donkeys reared in the
Area 2.
The effect of gender and age on bacteria and fungi presence
has not been evaluated in none of the previous studies
performed on donkey but some variability regarding fre-
quency and composition of conjunctival flora in relation to
the age has been reported for horses.4,12,14,29,30

In a study, performed in UK on conjunctival bacteria and
fungi, no differences were found in horses for age and gen-
der, but animals with Gram-negative bacteria were older
than horses with Gram-positive bacteria.17 On the contrary,
Andrew et al. (2003) found young horses having an increa-
sed incidence of Gram-negative bacteria other than fungal
isolations.4 Khosravi et al. (2014) did not find any differen-
ces for fungal isolation in relation to age and gender in Ira-
nian horses.30 However, they found Caspian miniature hor-
ses having the highest mean CFU compared with other
breeds and explained these findings with the closer contact
with food because of their small size. Such statement con-
cerning the size could account for differences found in
donkeys and foals. According with the present study, surveys
carried out in horses in Central Italy and in Brazil failed to
find age differences on positivity for fungal isolation.16,28,29

Although the lack of difference between males and females
can therefore now be proposed, the meaning of differences
among age categories needs further investigation in dome-
stic Equids.
Many studies have tried to analyse the factors affecting the
normal equine conjunctival flora in horses. Andrew et al.,
(1998) state that geographic location, environmental and
husbandry conditions influence the presence or absence of
fungal flora, such as the mycotic burden.31 One study from
Brazil showed an increasing incidence of fungi in stabled

animals compared those that were reared outside, similar to
the findings of another study performed in USA where a hi-
gher fungal prevalence was associated with dust, humidity
and hygiene issues in the stables.7,16 In contrast to these re-
ports, in a study conducted in Switzerland, differences
between stabled and outdoor horses were not found, but the
Authors consider that the prevalence of certain fungal spe-
cies was influenced by the different type of housing and
bedding.32 In the present paper, donkeys reared on pasture,
resulted to have a higher burden of microflora confirming
that environmental influence on ocular cultures has not yet
been established and needs further investigations. However,
seems to be ascertained that warmer season causes a higher
fungal prevalence.17,29,32 Whitley et al. (1983) suggested that
the low percentage of conjunctival isolations obtained du-
ring cold conditions could be due to the less amount of du-
st, pollens and flies in comparison with warmer periods.33

Another study performed in the same Area but during the
summer, gave a higher percentage of positivity.7 Differently,
effect of season on conjunctival isolation was not found by
Andrew et al. (2003).4

Sampling in this study was performed in different months
during the year, but never in extremely cold or hot condi-
tions. This could account for a preeminent influence of hou-
sing respect to the climate when differences for fungal and
bacterial isolations among studied Areas were evaluated and
could be supposed that differences found among the three
Areas were due to the management (greater overcrowding in
the Area 3, feeding with hay, more time spent in closed envi-
ronments in Areas 1 and 3) rather than the climate.

CONCLUSIONS

Microorganisms never isolated before in donkey’s conjuncti-
va have been detected in this study, and others have been
confirmed. Hypotheses for these differences are provided.
The identification of new potentially pathogenic species
should encourage research in this regard.
The influences of subjective and environmental factors on
conjunctival microflora have been partially studied in horse
but the data are very scarce in donkeys. Since the comparison
between horses and donkeys is never completely appropria-
te, further studies are needed to establish how the variables
affect the conjunctival flora in donkeys and consequently the
pathophysiology of diseases involving the eye structures.
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Microbiota uterino postpartum 
della bovina da latte
Le biopsie endometriali, aggiunte al lavaggio
del lume, permettono di ottenere conoscenze
più dettagliate della popolazione microbica
delle prime 7 settimane
La metrite e l’endometrite si verificano comu-
nemente nella bovina da latte dopo il parto.
Benché siano stati condotti numerosi studi per
identificare i patogeni causali, non ne è stata ef-
fettuata una revisione completa. Studi metage-
nomici hanno analizzato la popolazione batte-
rica dei campioni di lavaggio uterino delle bo-
vine da latte post partum (pp), tuttavia il mi-
crobiota del fluido luminale uterino può diffe-
rire da quello dell’endometrio ed è possibile
che importanti possibili patogeni siano stati
trascurati. 
Uno studio ha confrontato il microbiota del lu-
me uterino e dell’endometrio di bovine sane e
affette da endometrite e metrite. Si prelevavano
i campioni da 68 bovine da latte Holstein 1, 4 e
7 settimane pp. I dati venivano analizzati me-
diante sequenziamento profondo delle regioni
ipervariabili V1 e V2 dell’RNA del gene riboso-
miale 16S. 
I risultati indicano che Porphyromonadaceae,
Fusobacteriaceae, Leptotrichiaceae e Mycopla-
smataceae possono essere associati alle patolo-
gie uterine. I microbiota dei campioni di lavag-
gio uterino e delle biopsie endometriali erano
correlati, tuttavia quelli delle biopsie erano più
diversificati.
Fusobacteriaceae e Leptotrichiaceae non veni-
vano osservati nelle biopsie la settimana 7,
mentre costituivano rispettivamente il 20% e
13% delle popolazioni batteriche dei campioni
di lavaggio uterino. 
La famiglia delle Mycoplasmataceae veniva os-
servata in quantità molto maggiore nei cam-
pioni di lavaggio rispetto alle biopsie endome-
triali le settimane 4 e 7.
I risultati dello studio supportano le osserva-
zioni di precedenti studi metagenomici e sotto-
lineano l’importanza di includere le biopsie
endometriali per ottenere conoscenze più det-
tagliate del microbiota uterino postpartum,
concludono gli autori.

“An investigation of the microbiota in uterine flush
samples and endometrial biopsies from dairy cows du-
ring the first 7 weeks postpartum.” Lif Rødtness Vester-
by Knudsen, et al. Theriogenology. July 15, 2016. Volu-
me 86, Issue 2, Pages 642-650.

Mycoplasma hyopneumoniae del suino:
dinamiche d’infezione in diversi sistemi
produttivi
Il contatto tra animali di età diverse 
può favorire la trasmissione
Uno studio ha valutato le dinamiche d’infezio-
ne di Mycoplasma hyopneumoniae in 66 alle-
vamenti suini con diversi sistemi produttivi
(sistemi a 1, 2 o 3 sedi) e ne ha considerato i di-
versi fattori di rischio. Mediante esame sierolo-
gico si identificavano gli anticorpi sierici verso
M. hyopneumoniae e si effettuava la RT-PCR
per identificare il DNA di M. hyopneumoniae
nei tamponi tracheobronchiali.
I risultati dimostravano che l’infezione da M.
hyopneumoniae era influenzata principal-
mente dall’età dell’animale e dal tipo di siste-
ma produttivo. 
Il tasso di infezione era maggiore negli animali
più anziani e la prevalenza era maggiore nei si-
stemi a 1 o 2 sedi rispetto a quelli a 3 sedi.
Le dinamiche infettive evidenziate mediante
RT-PCR mostravano che le infezioni da M.
hyopneumoniae si verificano più precocemen-
te negli allevamenti a 1 sede e si verificano più
tardivamente ma si diffondono più rapida-
mente negli allevamenti a 2 o 3 sedi, suggeren-
do che il contatto tra animali di età diverse fa-
vorisca la trasmissione, concludono gli autori.

“Dynamics of Mycoplasma hyopneumoniae serocon-
version and infection in pigs in the three main produc-
tion systems.” Giacomini E, Ferrari N1, Pitozzi A, Re-
mistani M, Giardiello D, Maes D, Alborali GL. Vet Res
Commun. 2016 May 4. [Epub ahead of print]

Distribuzione delle lesioni causa di zoppia
nel bovino da carne
Localizzate al piede nell’85% circa dei casi.
Solo nel 20% dei casi di natura infettiva, 
in uno studio
Uno studio retrospettivo ha caratterizzato la
prevalenza relativa della diagnosi e la sede del-
le lesioni di zoppia nei bovini da carne. Si rive-
devano le cartelle cliniche degli anni 2005 -
2012 e si identificavano 745 casi di bovini da
carne visitati per zoppia.
La causa di zoppia era localizzata al piede nel-
l’85% circa dei casi; era affetto un arto poste-
riore in più del 70% dei casi. L’unghione late-
rale era la sede più comunemente affetta nei
casi di zoppia sia anteriore sia posteriore. Le
cause non infettive più comuni erano gli un-
ghioni a cavatappi, le fissurazioni verticali e i
fibromi interdigitali. Le condizioni infettive del

Fattori che influenzano la pubertà 
nelle manze da carne
Importante la comprensione completa delle
modificazioni metaboliche e neuroendocrine
necessarie per l’inizio del ciclo estrale
La pubertà è definita come il momento in cui
l’ovulazione è accompagnata da segni visibili di
estro e successiva normale funzione luteinica.
L’età alla pubertà è un fattore importante rela-
tivamente al successo riproduttivo, alla durata
della vita produttiva e alla redditività nell’in-
dustria della carne. Benché la pubertà e l’inizio
del normale ciclo estrale siano eventi comples-
si che richiedono la maturazione dell’asse ipo-
talamo-ipofisi-ovaie, è stato ben documentato
che la nutrizione, l’età e la genetica sono fatto-
ri regolatori dell’età alla pubertà. Tuttavia il lo-
ro ruolo è principalmente quello di regolazio-
ne della maturazione endocrina che deve avve-
nire affinché inizi una regolare ciclicità ovarica.
L’aumentato tasso di crescita che si verifica tra
4 e 7 mesi è apparentemente sufficiente per in-
durre la pubertà precoce e tale aumentato tas-
so di crescita riduce il feedback negativo del-
l’estradiolo sulla secrezione di LH durante il
periodo prepubere.
All’avvicinarsi della pubertà, una progressiva
riduzione del feedback negativo dell’estradiolo
sulla secrezione di GnRH consente una mag-
giore frequenza della pulsatilità dell’LH, con
conseguente stimolazione della crescita follico-
lare e aumento della produzione di estradiolo.
Inoltre, l’espressione di recettori estrogenici
nell’ipotalamo anteriore e nel nucleo ventro-
mediale è negativamente correlata alla frequen-
za della pulsatilità dell’LH. 
Benché un numero significativo di geni e vie
siano coinvolti nella neuromaturazione neces-
saria all’inizio del ciclo estrale normale, gli ef-
fetti inibitori del neuropeptide Y sul rilascio di
GnRH/LH sembra ridursi e l’effetto stimolante
dell’ormone alfa stimolante i melanociti sul
GnRH sembra aumentare all’avvicinarsi della
pubertà.
È auspicabile quindi una comprensione com-
pleta delle modificazioni metaboliche e neuro-
endocrine che si verificano per l’inizio del nor-
male ciclo estrale al fine di facilitare la gestione
della riproduzione, concludono gli autori.

“Factors affecting puberty in replacement beef heifers.”
G.A. Perry. Theriogenology. July 1, 2016Volume 86, Is-
sue 1, Pages 373-378.
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piede costituivano soltanto il 20% delle cause
di zoppia podale.
Il pareggio abituale del piede può essere consi-
gliabile in alcune mandrie per migliorare l’equi-
librio di appoggio del peso e alleviare i sintomi
di zoppia, concludono gli autori.

“Distribution of lameness lesions in beef cattle: A retro-
spective analysis of 745 cases.” Benjamin W Newcomer,
Manuel F Chamorro. Can. Vet. J. 2016 Apr; 57(4): 401-6.

Ascessi epatici nei bovini: batteriologia e
stato delle misure di controllo
Auspicabili le alternative agli antibiotici e 
lo sviluppo di un vaccino
Gli ascessi epatici sono la principale epatopatia
riscontrata nei bovini da carne al macello. La
loro incidenza è notevolmente variabile ma è
compresa generalmente tra il 10 e il 20%. L’in-
cidenza totale e la percentuale di fegati grave-
mente interessati da ascessi sono maggiori nei
bovini Holstein allevati per la produzione di
carne e nelle bovine da latte abbattute, rispetto
alle razze da carne. 
Il motivo della maggiore incidenza di ascessi
epatici nei manzi Holstein non è conosciuto
ma una delle possibili spiegazioni è il maggior
numero di giorni di alimentazione. L’elevata
prevalenza nelle bovine abbattute è probabil-
mente dovuta al fatto che nelle bovine da latte
non sono approvati interventi specifici quali
l’utilizzo della tilosina nel mangime. 
Gli ascessi epatici sono generalmente una con-
seguenza dell’acidosi ruminale e della ruminite
nei bovini nutriti con mangimi ricchi di car-
boidrati prontamente fermentabili e poveri di
crusca; da qui la definizione di complesso “aci-
dosi-ruminite-ascessi epatici”. Tali lesioni sono
quasi costantemente dovute a infezioni polimi-

crobiche con predominanza di anaerobi gram-
negativi.
Quasi tutti gli studi hanno concluso che Fuso-
bacterium necrophorum, un batterio rumina-
le, è l’agente causale primario e Trueperella (in
precedenza Arcanobacterium) pyogenes è un
patogeno secondario. 
Sono stati condotti un numero limitato di stu-
di sulla flora batterica degli ascessi epatici delle
bovine da latte abbattute e dei manzi da carne
Holstein. Uno studio recente ha descritto l’iso-
lamento di Salmonella negli eccessi epatici di
bovini Holstein. 
Il controllo di queste lesioni nei bovini è basa-
to sull’aggiunta di antibiotici, soprattutto tilo-
sina, nel mangime, associata a una corretta ge-
stione nutrizionale per ridurre la comparsa di
acidosi e successiva ruminite.
Benché non vi siano evidenze di sviluppo di re-
sistenza in F. necrophorum, il futuro dell’utiliz-
zo della tilosina come additivo nel mangime
nei bovini da carne è incerto. Poiché questo an-
tibiotico è ampiamente utilizzato nell’industria
da carne, è notevole l’interesse verso alternati-
ve agli antibiotici, quali gli oli essenziali e i vac-
cini, per il controllo degli ascessi epatici. Dato
che gli ascessi epatici sono dovuti a infezioni
batteriche e i fattori patogeni di virulenza di F.
necrophorum sono stati studiati ampiamente,
sono stati fatti considerevoli sforzi per lo svi-
luppo di un vaccino efficace. I due antigeni che
sono stati individuati per la produzione vacci-
nale sono la leucotossina e le proteine esterne
di membrana di F. necrophorum, concludono
gli autori.

“Liver abscesses in cattle: A review of incidence in Hol-
steins and of bacteriology and vaccine approaches to
control in feedlot cattle.” Amachawadi RG, Nagaraja
TG. J Anim Sci. 2016 Apr; 94 (4):1620-32.

Probiotici nel controllo di Clostridium
difficile del suino
Minore prevalenza di tossina fecale, edema
mesocolico e lesioni microscopiche dopo
esposizione a C. difficile non tossigeno
Benché le infezioni da Clostridium difficile
(CDI) siano comuni nel suino, sono carenti le
strategie preventive. Uno studio ha valutato
l’efficacia di Lactobacillus spp. e di C. difficile
non tossigeno (NTCD) nella prevenzione dello
sviluppo di CDI nei suinetti.
Si assegnavano a caso i suinetti nati per parto
cesareo (N = 150) a 6 gruppi: gruppo 1 - con-
trolli negativi (n = 10); gruppo 2 - solo NTCD
(n = 13); gruppo 3 - solo Lactobacillus spp. (n
= 14); gruppo 4 - controlli positivi (esposti al
ceppo tossigeno di C. difficile) (n = 35); grup-
po 5 - NTCD ed esposizione al ceppo tossigeno
di C. difficile (n = 34) e gruppo 6 - Lactobacil-
lus spp. ed esposizione al ceppo tossigeno di C.
difficile (n = 44).

I suinetti che ricevevano NTCD mostravano
una minore prevalenza di positività fecale alla
tossina, di edema mesocolico e di lesioni mi-
croscopiche rispetto ai controlli positivi. 
La somministrazione di Lactobacillus spp.
non mostrava benefici evidenti, concludono
gli autori.

“Bacterial probiotics as an aid in the control of Clostri-
dium difficile disease in neonatal pigs.” Arruda PH et
al. Can Vet J. 2016 Feb; 57 (2): 183-8.

Paratubercolosi bovina: importanza
dell’igiene del parto
Cruciale per ridurre l’incidenza dei soggetti
eliminatori di MAP, in uno studio
Il miglioramento dell’igiene e della gestione
della mandria per ridurre il contatto dei vitelli
con le feci delle bovine adulte al fine di preve-
nire nuove infezioni è una delle strategie di ba-
se per la gestione delle mandrie da latte affette
da paratubercolosi. I programmi di controllo
dovrebbero raccomandare una scelta di fattori
basati sulle evidenze che riducano chiaramente
la trasmissione degli agenti infettivi e la preva-
lenza di capi infetti, al fine di migliorare l’ac-
cettazione e l’implementazione delle misure
consigliate tra gli allevatori.
L’effetto di alcune misure gestionali sul succes-
so del controllo dell’infezione è stato valutato
in uno studio longitudinale condotto su 28
grosse mandrie da latte con dimensioni media-
ne di 415 bovine.
L’incidenza cumulativa di bovine che elimina-
vano Mycobacterium avium ssp paratubercu-
losis (MAP) per anno veniva determinata me-
diante coltura fecale individuale di tutte le bo-
vine durante 5 anni consecutivi.
Utilizzando modelli di regressione multipla, i
box da parto separati per le bovine eliminatri-
ci e la disinfezione dei box dopo l’utilizzo veni-
vano identificati come fattori di rischio signifi-
cativi che riducevano l’incidenza cumulativa di
soggetti eliminatori di MAP per anno a livello
di mandria.
I risultati forniscono evidenze del fatto che, in
aggiunta ad altri fattori, l’igiene del parto e la
gestione dei box da parto sono cruciali per il
controllo della paratubercolosi, soprattutto
nelle grosse mandrie da latte. 
Considerati insieme ai risultati di altri studi,
questi risultati possono essere importanti per
valutare i diversi fattori di rischio e favorire la
collaborazione degli allevatori, concludono gli
autori.

“Management of the calving pen is a crucial factor for
paratuberculosis control in large dairy herds.” Karsten
Donat et al. Journal of Dairy Science. May 2016, Volu-
me 99, Issue 5, Pages 3744-3752.
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