
2/22/21   Pathogens Associated with Extra Hard Raw Milk Cheeses 

Request:  
What are the pathogens of concern in raw milk extra hard cheese varieties such as Parmesan, Grana 
Padano, and similar types? 

Response: 

Overview 

The main pathogens of concern in natural, raw-milk cheeses are L. monocytogenes, Shiga toxin-
producing Campylobacter spp., E. coli (STEC), Salmonella spp., and Staphylococcus aureus (Donnelly, 
2018, Possas et al., 2021), although the risks of these pathogens in raw-milk, extra-hard cheeses have 
been classified as negligible, very low, or low (Food Standards Australia New Zealand, 2009).  This 
literature review attempted to identify newer data suggesting greater or new pathogenic hazards in 
raw-milk, extra-hard cheeses.  

The search focused mainly on publications since 2009, when “Microbiological Risk Assessment of Raw 
Milk Cheese” was published (Food Standards Australia New Zealand, 2009).  The terms used in searches 
initially include the following: “extra hard” cheese varieties:  Parmesan, Grana Padano, Pecorino, Asiago, 
and Sbrinz.  These cheeses typically have a moisture level of <36% and are made using internal bacterial 
ripening.  Most are made with a relatively high curd-cooking temperature (>45°C) and long 
storage/maturation times (8-24 months) (Food Standards Australia New Zealand, 2009).    

Other cheeses such as Cotija and Manchego may range from semi-hard to extra hard and were also 
considered in searches (Ibarra-Sánchez et al., 2017).   There are some differences between how hard 
and extra-hard cheeses are distinguished around the globe (Gobbetti and Di Cagno, 2017), and many 
studies do not report moisture content of cheeses in individual studies.  For this reason, some 
information on hard cheeses is also included at the end of this summary.   

Outbreaks of foodborne disease associated with extra-hard cheeses 

Foodborne disease outbreaks associated with extra-hard cheese have only rarely, if ever, been reported 
in recent years.  
• A list of foodborne disease outbreaks associated with cheese from 1980 to 2013 did not include any

outbreaks specifically associated with raw-milk, extra-hard cheeses (Fox et al., 2017).
• An outbreak of Salmonella Newport attributed to Cotija cheese occurred in the U.S. during 2006-

2007 (Austin et al., 2008); however, Cotija cheeses may range in hardness from semi-hard to extra
hard, and the moisture level of the cheese in this outbreak was not reported.

Identification and persistence of pathogens in extra-hard raw milk cheeses 

Pathogens have been identified in raw milk extra-hard cheeses.   
• Salmonella enterica has been found in raw sheep’s milk pecorino cheese in Italy (Ercoli et al., 2015).
• Cotija cheese in the U.S. was recalled in 2020 because of possible contamination with STEC.
• S. aureus has been found in Cotija cheese in Mexico (Adame-Gomez 2018, Toribio-Jimenez 2014)

and in Italian raw milk pecorino cheese (Normanno et al., 2007).

https://www.fda.gov/safety/recalls-market-withdrawals-safety-alerts/quesos-la-ricura-ltd-recalls-cotija-cheese-queso-cotija-because-possible-health-risk
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Several studies have tested to see how long pathogens could survive in raw milk extra-hard cheeses:  
• L. monocytogenes could survive at a stable level in pecorino cheese for ~1500 hours (~60 days) at 

18°C, but then decreased quickly to 0 log CFU by 2500 hours (104 days) (Centorotola et al., 2020). 
• E. coli O157 survived 90 days of aging, but not at 120 days of aging in raw sheep’s milk pecorino 

cheese. (Cardamone et al., 2018). 
• Another study from the same group, however, found that E. coli, L. monocytogenes, Salmonella spp., 

and S. aureus disappeared completely after 60 days of ripening in raw milk pecorino cheese 
(Cardamone et al., 2020).  

 
Other pathogens of potential concern have been found in extra-hard cheeses: 

• Mycobacterium avium subsp. paratuberculosis, which may be link to Crohn’s disease, survived 
until the second or third month of ripening in Parmigiano Reggiano and Grana Padano cheeses 
when spiked into raw bovine milk (Cammi et al., 2019). 

• Mycobacterium bovis (inoculated into pasteurized milk) has been found to decline slowly and 
still be present after 60 days of maturation in parmesan-type cheese (Starikoff et al., 2016).  

• Brucella spp. has been found in hard cheeses in Europe  (Jansen et al., 2019);  an outbreak of 
brucellosis occurred in England in 1965 which traced back to pecorino cheese made from 
unpasteurized sheep’s milk cheese which had ripened for more than 90 days (Galbraith et al., 
1969).  B. abortus (inoculated into pasteurized milk) was able to survive 20 days during 
maturation of a parmesan-type cheese (Starikoff et al., 2016).   

 
Hard Cheeses 
 
In contrast to extra-hard cheese, raw milk hard cheeses have been associated with a number of 
outbreaks, including the following (not an exhaustive list): 
• A 2006 outbreak of Salmonella spp. in the Netherlands was associated with raw-milk hard cheese 

(Van Duynhoven et al., 2009).    
• A 2017 review lists outbreaks of pathogenic E. coli in aged gouda and other hard cheese, numerous 

Salmonella outbreaks in cheddar cheese, and S. aureus outbreaks in Cheddar cheese (Fox et al., 
2017).   

• A 2018 review states that no listeriosis outbreaks have been linked to hard cheeses, (Gérard et al., 
2018). 

 
Pathogens are more commonly found in hard cheeses than in extra-hard cheeses:   
• A 2018 review cites a number of studies in which L. monocytogenes has been found in hard cheeses 

(Gérard et al., 2018) 
• A 2016-2018 FDA survey of 1606 raw milk cheeses did not appear to look at any “extra hard 

cheeses” (but may not have distinguished between hard and extra hard cheese, as they defined 
hard cheeses as no more than 39% moisture).  Pathogens were found in some raw-milk hard 
cheeses, including Salmonella spp. in 1/521 samples, L. monocytogenes in 2/521 samples, 
pathogenic STEC in 1/521 samples (FDA, 2016).    

 
 
 
 
 
 



 
 

 3 

References 
 
Austin, C., L. Saathoff-Huber, M. Bordson, C. Dobbins, C. Gross, K. Marishta, F. Carlson, G. Maurice, and I. C. 

Trevino. 2008. Outbreak of multidrug-resistant Salmonella enterica serotype Newport infections associated 
with consumption of unpasteurized Mexican-style aged cheese - Illinois, March 2006-April 2007 (Reprinted 
from MMWR, vol 57, pg 432-435, 2008). Jama-Journal of the American Medical Association 299(24):2850-
2851. 

Cammi, G., M. Ricchi, A. Galiero, P. Daminelli, E. Cosciani-Cunico, E. Dalzini, M. N. Losio, R. Savi, G. Cerutti, C. 
Garbarino, S. Leo, and N. Arrigoni. 2019. Evaluation of Mycobacterium avium subsp. paratuberculosis 
survival during the manufacturing process of Italian raw milk hard cheeses (Parmigiano Reggiano and Grana 
Padano). Int. J. Food Microbiol. 305:8. 

Cardamone, C., F. Cirlincione, R. Gaglio, V. Puccio, F. Daidone, S. Sciortino, I. Mancuso, and M. L. Scatassa. 2020. 
Behavior of Four Main Dairy Pathogenic Bacteria during Manufacturing and Ripening of Pecorino Siciliano 
Cheese. ssu-jfqhc 7(1):27-35. 

Cardamone, C., A. M. Di Noto, I. Mancuso, S. Sciortino, and M. L. Scatassa. 2018. BEHAVIOR OF Escherichia coli 
O157 DURING THE MANUFACTURE AND RIPENING OF A TRADITIONAL SICILIAN RAW EWES' MILK CHEESE. 
Carpathian J. Food Sci. Technol. 10(2):48-56. 

Centorotola, G., R. Salini, A. F. Sperandii, D. Neri, P. Tucci, G. A. Santarelli, V. Di Marzio, R. Romantini, L. Candeloro, 
A. Conte, G. Migliorati, F. Pomilio, and L. Iannetti. 2020. Validation via challenge test of a dynamic growth-
death model for the prediction of Listeria monocytogenes kinetics in Pecorino di Farindola cheese. Int. J. 
Food Microbiol. 329:5. 

Donnelly, C. W. 2018. Food Standards Scotland:  Review of controls for pathogen risks in Scottish artisan cheeses 
made from unpasteurized milk. 

Ercoli, L., A. Zicavo, V. Bazzucchi, V. Scorpioni, A. M. Dionisi, and S. Scuota. 2015. Salmonella enterica subsp. 
diarizonae IIIB serovar 61:K:1,5,(7) in pecorino cheese in Umbria region. Joint meeting, LXIX Convegno 
SISVet, XV Convegno SICV, XIII Convegno SIRA, XII Convegno AIPVet, XI Convegno SoFiVet, II Convegno RNIV, 
Perugia, Italia 15-17 giugno 2015. Atti 2015:297-297. 

FDA. 2016. FY 2014 – 2016 Microbiological Sampling Assignment 
Summary Report: Raw Milk Cheese Aged 60 Days. 
Food Standards Australia New Zealand. 2009. Microbiological Risk Assessment of Raw Milk Cheese. 
Fox, P. F., T. P. Guinee, T. M. Cogan, and P. L. H. McSweeney. 2017. Pathogens in Cheese and Foodborne Illnesses. 

Pages 681-713 in Fundamentals of Cheese Science. Springer US, Boston, MA. 
Galbraith, N. S., M. S. Ross, R. R. de Mowbray, and D. J. H. Payne. 1969. Outbreak of Brucella melitensis Type 2 

Infection in London. British Medical Journal 1(5644):612-614. 
Gérard, A., S. El-Hajjaji, E. Niyonzima, G. Daube, and M. Sindic. 2018. Prevalence and survival of Listeria 

monocytogenes in various types of cheese—A review. International Journal of Dairy Technology 71(4):825-
843. 

Gobbetti, M. and R. Di Cagno. 2017. Extra-Hard Varieties. Cheese: Chemistry, Physics and Microbiology, Vol 1-2, 
4th Edition:809-828. 

Ibarra-Sánchez, L. A., M. L. Van Tassell, and M. J. Miller. 2017. Invited review: Hispanic-style cheeses and their 
association with Listeria monocytogenes. Journal of Dairy Science 100(4):2421-2432. 

Jansen, W., C. Linard, M. Noll, K. Nockler, and S. Al Dahouk. 2019. Brucella-positive raw milk cheese sold on the 
inner European market: A public health threat due to illegal import? Food Contr. 100:130-137. 

Normanno, G., M. Corrente, G. La Salandra, A. Dambrosio, N. C. Quaglia, A. Parisi, G. Greco, A. L. Bellacicco, S. 
Virgilio, and G. V. Celano. 2007. Methicillin-resistant Staphylococcus aureus (MRSA) in foods of animal origin 
product in Italy. Int. J. Food Microbiol. 117(2):219-222. 

Possas, A., O. M. Bonilla-Luque, and A. Valero. 2021. From Cheese-Making to Consumption: Exploring the Microbial 
Safety of Cheeses through Predictive Microbiology Models. Foods (Basel, Switzerland) 10(2). 

Starikoff, K. R., C. D. Fontanesi, F. M. Maciel, C. Y. Ikuta, F. Ferreira, J. S. Ferreira Neto, R. A. Dias, M. Amaku, A. 
Cortez, M. B. Heinemann, J. H. Hildebrand Grisi-Filho, V. S. Picao Goncalves, P. H. Fonseca da Silva, J. C. 
Jacinto de Paula, and E. O. Telles. 2016. Decline in Mycobacterium bovis and Brucella abortus populations 



 
 

 4 

during the maturation of experimentally contaminated parmesan-type cheese. Semin.-Cienc. Agrar. 
37(5):3743-3757. 

Van Duynhoven, Y., L. D. Isken, K. Borgen, M. Besselse, K. Soethoudt, O. Haitsma, B. Mulder, D. W. Notermans, R. 
De Jonge, P. Kock, W. Van Pelt, O. Stenvers, J. Van Steenbergen, and T. Outbreak Invest. 2009. A prolonged 
outbreak of Salmonella Typhimurium infection related to an uncommon vehicle: hard cheese made from 
raw milk. Epidemiology and Infection 137(11):1548-1557. 

 
 
 

Compiled by W. Bedale, Food Research Institute, University of Wisconsin-Madison;  
bedale@wisc.edu 

 
 
  


