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Abstract: Food ice is used as an ingredient or as a coolant in drinks and in the storage of food, 

especially fishery products. Studies show that ice can be polluted both by chemical substances and 

by bacteria and fungi. In particular, the presence of fungi in these food matrices has acquired an 

important role in Public Health, as it can represent a risk factor for fungal complications in 

immunocompromised subjects. In the present study we evaluated the hygiene–sanitary quality of 

food ice from public and collective catering establishments in a large area of Southern Italy, 

investigating the mandatory parameters (Escherichia coli, coliform and Enterococci) and some 

accessory parameters (Staphylococcus aureus, Pseudomonas aeruginosa and fungi) provided for Italian 

Legislative Decree 31/01. Although 54.5% of samples were compliant, the results highlight a vast 

contamination of food ice by bacteria and fungi. In particular, 95.8% of samples were contaminated 

by fungi, stressing no difference between compliant and non-compliant samples. Their presence is 

generally attributable to the poor sanitation conditions in the production and/or administration 

phase and to the incorrect sanitization and ordinary maintenance procedures. It seems appropriate 

to suggest the need to carry out a specific risk assessment with respect to the self-control plans. 

Keywords: food ice; ice machines; Public Health; microbial contamination; E. coli; coliform; food 

hygiene; fungi. 

 

1. Introduction   

Worldwide food ice production has increased in recent years because of the high demand for ice 

cubes in public places such as bars, pubs and restaurants. Today, commercial ice production is 

estimated at around 500,000 tonnes per year in Europe and 5,600,000 tonnes per year in the United 

States [1]. Used in large quantities mostly in the summer, ice is useful in restorative and commercial 
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activities for preparing cold drinks, and helps to maintain the cold chain that is very important for 

multiple foods, including fish and other foods eaten raw.  

Among European countries, Spain has the highest ice consumption at over 400,000 tonnes per 

year, of which 50% is self-produced, whereas the other 50% is produced and packaged in production 

plants [2]. In Italy, ice consumption is estimated at 58,000 tonnes in daytime bars and 25,000 tons in 

restaurants each year, of which 60% is consumed between June and September and consumption is 

expected to exceed 500,000 tonnes per year in the coming years [2]. 

Although numerous benefits are conferred by the use of food ice, the scientific literature shows 

how it can be contaminated by different chemical and physical substances [3,4]. In fact, toxic 

inorganic substances such as arsenic-type heavy metals, chromium, mercury, cadmium and lead, 

which are often found in industrial wastewaters or arising from the use of phyto-drugs, can penetrate 

the soil and pollute both superficial and deep waters. Even when "Food ice" is defined as “ice 

prepared with drinking water, brought to a temperature equal to or lower than 0 °C, and when 

melted, the water will have the same requisites foreseen in the Italian Legislative Decree 2 February 

2001, n. 31” [5], it can represent a vehicle for the transmission of pathogenic agents associated with 

foodborne illnesses.  

Many studies have investigated the microbiological quality of food ice and have confirmed its 

potential role as a vehicle for foodborne illnesses. In fact, Enterobacteriaceae, Enterococci and fungi 

have been isolated from ice in Italy [1,6,7]; total and faecal coliforms, Clostridium perfringens, 

Pseudomonas aeruginosa, Yersinia spp. and Salmonella spp. in Greece [8,9]; Salmonella Saintpaul in 

Australia [10]; multi-antibiotic-resistant strains such as Escherichia coli ESLB (extended-spectrum-

beta-lactamase) in Vietnam; and some episodes of cholera related to Vibrio cholerae O1 Ogawa ctxA 

have been linked with ice melted in tea [11,12]. 

The yeast and mould contamination of food ice has also acquired an important role in Public 

Health, as it is considered among the risk factors for fungal complications in immunocompromised 

subjects [6]. 

Finally, ice produced from contaminated water caused an epidemic of a Norwalk-like virus in 

Puerto Rico with approximately 5,000 cases [13]. 

With this background in mind, the aim of the present study was to investigate the hygiene–

sanitary quality of food ice from public and collective catering establishments in a large area of 

Southern Italy, and to assess whether these establishments complied with Decree No. 31/2001 [5] on 

food ice. 

2. Materials and Methods 

2.1. Ice Cube Collection 

Ninety-nine ice samples were taken directly from the storage compartments of ice machines 

located in public and collective catering establishments in an urban geographic context. Each sample 

equal to 1 kg of ice in cubes was placed in sterile food bags and transported to our laboratory in a 

special isothermal fridge at a controlled temperature of 4 °C to be analysed within 24 h of collection. 

All ice samples were taken in public and collective catering establishments during the normal 

operation of the food business activity from active ice machines connected to a public water supply 

network.  

2.2. Determining Contamination Levels in Ice Samples  

After melting at room temperature, the ice samples were evaluated for the mandatory 

parameters provided for in Decree No. 31/2001 relating to E. coli, coliforms and Enterococci, and some 

accessory parameters relating to Staphylococcus aureus, P. aeruginosa and fungi. Each sample was 

filtered through a cellulose ester membrane with a diameter of 47 mm and a pore size of 0.45μm 

(Millipore, Milan, Italy). The samples were considered compliant when E. coli, coliforms and 

Enterococci were absent in 100 ml of each melted ice sample. 
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2.3. E. coli and Coliform Investigation  

A 100 ml aliquot of melted ice was filtered and the membrane placed on plates containing 

Chromogenic Coliform Agar (Biolife Italiana Srl, Milan, Italy). After incubation at 36 ± 2 °C for 24 ± 2 

h, the blue-violet colonies that formed were identified as E. coli, and the salmon pink, oxidase negative 

ones were identified as coliforms [14]. 

2.4. Enterococci Investigation 

A 100 ml aliquot of melted ice was filtered, the membrane was placed on Slanetz and Bartley 

agar medium (Biolife Italiana Srl, Milan, Italy) and incubated at 36 ± 1 °C for 48 h. When dark pink-

red colonies developed the membrane was transferred to a plate containing Bile Esculin Azide agar 

medium (Biolife Italiana Srl, Milan, Italy) and incubated at 44 °C for 2 h. Brown colonies with brown-

black halos and positive catalysis were identified as Enterococci [15]. 

2.5. P. aeruginosa Investigation 

A 250 ml aliquot of melted ice was filtered, the membrane was placed on a plate containing 

Pseudomonas Selective Agar supplemented with cetrimide (0.20 g) and nalidixic acid (15 mg) 

(Microbiol, Cagliari, Italy) and incubated at 36 ± 2 °C for 48 h, and green colonies were confirmed to 

be P. aeruginosa [16]. 

2.6. S. aureus Investigation 

A 250 ml aliquot of melted ice was filtered and the membrane was placed on a selective, 

differential ground plate containing Mannitol Salt Agar (Biolife Italiana srl, Milan, Italy). After 48 h 

of incubation at 36 ± 1 °C, the yellow colonies that were yellow halo-, catalase- and coagulase-positive 

were identified as S. aureus [17]. 

2.7. Fungi Investigation 

A 100 ml aliquot of melted ice was filtered and the membrane placed on Sabouraud dextrose 

agar containing chloramphenicol (0.5 g/l) (Liofilchem, Roseto degli Abruzzi, Italy). After 8 days of 

incubation at 28 °C, yeast colonies were identified using a semi-automated sugar assimilation system 

(API ID 32C, Biomerieux, Marcy l’Etoile, France), while filamentous fungi were identified by 

evaluating their macroscopic and microscopic morphological characteristics according to the 

methods described elsewhere [18]. 

2.8. Enumeration of Culturable Micro-Organisms  

Two 1 ml aliquots of melted ice were separately mixed with yeast extract agar (Biolife Italiana 

Srl) in Petri dishes, and incubated at 36 ± 2 °C for 48 h and 22 ± 2 °C for 72 h, respectively. The colonies 

grown in each plate were counted and the results were expressed as the number of colony-forming 

units per millilitre (cfu/ml). 

2.9. Statistical Analysis 

Because compliance with mandatory or non-mandatory parameters is a qualitative variable, we 

summarised as a count or a percentage. The chi-square test was employed for comparison between 

independent groups and, where appropriate, the p-values of multiple comparisons were corrected 

by applying the Bonferroni correction. Bacterial counts are a quantitative variable, but as they were 

not normally distributed, they are described herein as the median and range. Comparisons between 

independent groups were conducted with the non-parametric Mann–Whitney U test. p-values <0.05 

were considered to be statistically significant. Data were analysed with the MedCalc Statistical 

Software version 19.1.3 (MedCalc Software bv, Ostend, Belgium; https://www.medcalc.org; 2019). 
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3. Results  

According to Decree No. 31/2001, of 99 food ice samples 54 (54.5%) complied with the mandatory 

parameters. Of these, 52 (96.2%) were positive for additional parameters, in that fungi were isolated 

from 96.2% of them, P. aeruginosa was isolated from 14.8% of them and S. aureus from 11.1% of them. 

The remaining 45 (45.5%) samples were non-compliant for the mandatory parameters (Coliforms 

82.2%, Enterococci 40% and E. coli 24.4%) (Figure 1). Of these, 43 (95.5%) samples were also positive 

for the additional parameters in that fungi were isolated from 95.5% of them, P. aeruginosa from 40% 

of them and S. aureus from 6.7% of them. The difference between the compliant and non-compliant 

samples for the additional parameters (96.2% vs. 95.5%, respectively) was not statistically significant 

(chi-square = 0.37, p = 0.5405) (Table 1). After Bonferroni adjustment, the percentage of P. aeruginosa 

showed a statistically significant difference between the compliant and non-compliant groups (p = 

0.0144), differently from S. aureus (p = 0.669). 

 

 

Figure 1. Percentage of non-compliant food ice samples. Samples could be positive to multiple 

parameters. 

Fungi were identified in 95.8% (95/99) of the samples and no statistically significant difference 

between the compliant and non-compliant groups was observed after Bonferroni adjustment (p = 

0.8867) (Table 1). Altogether filamentous fungi and yeasts were detected in 46.3% (44/95) and 20.0% 

(19/95) of them, respectively, with equal distribution in compliant and non-compliant groups. Mixed 

fungal species were detected in 32 samples (33.6%). The main filamentous fungi were Aspergillus 

(42.3%), Penicillium (17.4%), Cladosporium (16%), Fusarium (6%), Paecilomyces (6%) and Alternaria (3%). 

The following yeasts were also identified: Candida humicola (29.4%), Rhodotorula mucilaginosa (20%), 

Candida lipolytica (17.9%), Candida inconspicua (12.6%), Candida intermedia (8.4%), Saccharomyces 

cerevisiae (6%) and Candida lusitaniae (5.2%). 
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Table 1. Additional parameters investigated in compliant and non-compliant food ice samples. 

  Food Ice Samples 

 
No (%) No (%) p-values 

 

Compliant  

54/99 (54.5) 

Non-Compliant  

45/99 (45.5) 

 

Additional parameters 52 (96.2) 43 (95.5) 0.5405 

P.aeruginosa 8 (14.8) 18 (40) 0.0144* 

S.aureus 11 (11.1) 4 (6.7) 0.669* 

Fungi 52 (96.2) 43 (95.5) 0.8867* 

 
median 

(range) 

median 

(range) 
 

Total microbial count at 22 °C 

(cfu/ml) 

574  

(11–3000) 

536  

(11–3000) 
0.3514 

Total microbial count at 37 °C 

(cfu/ml) 

292 

(5–3000) 

250 

(4–3000) 
0.5597 

*: p-values after Bonferroni adjustment. 

The median count of mesophilic microbes at 22 °C in the compliant samples was 574 cfu/ml 

(range 11–3000 cfu/ml), whereas in the non-compliant samples it was 536 cfu/ml (range 11–3000 

cfu/ml); a non-statistically significant difference (p = 0.3514, Figure 2a) was observed. The median 

count of the mesophilic microbes at 37 °C in the compliant samples was 292 cfu/ml (range 5–3000 

cfu/ml), whereas in the non-compliant samples it was 250 cfu/ml (range 4–3000 cfu/ml); a non-

statistically significant difference (p = 0.5597, Figure 2b) was observed. 
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(a) 

 
(b) 

Figure 2. (a). Box-plot to compare microbial counts at 22 °C between compliant and non-compliant 

samples to mandatory parameters. (b). Box-plot to compare microbial counts at 37 °C between 

compliant and non-compliant samples to mandatory parameters. 

4. Discussion 

Food ice can be a transmission vehicle for various microorganisms associated with foodborne 

diseases when hygiene standards for ice production are not respected. Its contamination can occur in 

successive stages with respect to the water supply, as one or more critical points may be present 

within the water network. Indeed, the causes of ice contamination, which are manifold, can relate to 
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poor or insufficient quality of drinking water systems, work environments not properly sanitised, ice 

machines not sufficiently disinfected, insufficient attention to the Hazard Analysis and Critical 

Control Point (HACCP) principles or to the Manual of Good Hygiene Practice for the production, 

treatment, storage and use of ice [19].  

Some studies have investigated the microbiological quality of food ice, highlighting the presence 

of bacteria such as E. coli, Enterococci, Pseudomonas spp., Acinetobacter spp., Stenotrophomonas 

maltophilia and Yersinia spp. in such ice [20–22]. Furthermore, some studies aimed at detecting the 

presence of yeast and moulds in the ice cubes produced and consumed in Italian bars and restaurants 

reported that Candida parapsilosis, Cryptococcus spp. and Penicillium glabrum were all able to survive 

in alcoholic and soft drinks in the presence of contaminated ice, and proposed that Enterococci, 

Pantoea conspicua and Stenotrophomonas maltophilia contamination should be reduced in such ice [7]. 

In developing countries where hygiene and health conditions are considered to not be optimal 

and cholera is spread in its endemic form, the consumption of food coming into contact with ice was 

shown to be an important risk to human health. In these geographical areas, the consumption of 

beverages produced and purchased by street-food and food businesses not constantly subject to 

specific controls performed by the health authorities contributes to an increasing transmission risk of 

foodborne diseases [12,23,24]. 

In Italy, the Ministry of Health has validated and disseminated the Manuals of Good Hygiene 

Practice delineated by the National Food Ice Institute [2]. They highlight the best operating practices 

to adopt for the production of food ice and for the drinking water treatment systems installed in 

public establishments. Both documents provide useful support for carrying out risk assessments 

correctly so that preventive actions are taken during the ice production phases and critical control 

points are identified, including physical and mechanical treatments. The same documents focus 

attention on the usefulness of ordinary and extraordinary maintenance, as well as on the correct 

sanitisation of the systems, the shortcomings of which certainly contribute to an increased health risk 

potentially attributable to one or more non-conformities that could make the ice unsuitable for human 

consumption. The same recommendations were made by the American Centres for Disease Control 

and Prevention. 

In the present study, almost half of the food ice samples we tested were contaminated with E. 

coli and Enterococci (non-compliant samples), although they were derived from potable water. In 

fact, all ice samples, except four, were positive for P. aeruginosa, S. aureus and fungi (additional 

parameters). Notably, fungi were isolated from approximately 95% of the samples, with filamentous 

fungi (Aspergillus, Penicillium, Cladosporium) being most prevalent. It is important to focus attention 

on the fact that almost all the samples suitable for the mandatory parameters were positive for other 

microorganisms that fall within the additional parameters, according to Decree No. 31/2001, probably 

related to some variables such as water network or unsuitable sanitation of machineries for the 

production and distribution of ice. Of concern, some microorganisms such as P. aeruginosa and S. 

aureus are pathogenic bacteria that are able to cause infections in different bodily sites. Man himself 

could represent a source of contamination for these microorganisms, especially regarding S. aureus; 

not only its presence among food workers was demonstrated, so too the diffusion of methicillin-

resistant S. aureus (MRSA) [25]. Thus, contaminated ice can pose a risk in the context of health care-

related activities as well, both indirectly (as a potential source of diffusion of microorganisms) [26,27], 

and directly because ice can be used without suitable sanitary practices in place.  

In this regard, some studies have reported on epidemic levels of infection of surgical wounds 

with Enterobacter cloacae during cardiac cardioplegia, and food ice remains the subject of current 

recommendations for pain relief resulting from mucositis and candidiasis of the oral cavity in patients 

receiving chemotherapy treatment [28,29]. Therefore, the high isolation of filamentous fungi in our 

study underlines the risk of infectious complications to which cancer patients are exposed because 

they use ice cubes to relieve the pain of mucositis resulting from chemo- and radiotherapy treatments. 

In these cases, the lesions due to mucositis represent an entry route for the fungal spores and therefore 

a high risk of invasive mycoses, in particular in the neutropenic patient such as paediatric and adult 
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haematological patients or new-borns recovering in intensive care who are exposed to fungal 

infections of complex therapeutic management [30–33]. 

In light of these considerations, it is important that careful monitoring is undertaken to verify 

compliance with the parameters set out for drinking water in food-producing companies to ensure 

that they comply with the principles of the HACCP System, including monitoring the sampling 

checks performed by such companies, as well as drawing up water safety plans, especially for 

companies that do not benefit from a public water supply.  

It is appropriate to remember that under the current legislation, the Services of Prevention 

Departments in the Local Health Units involved in territorial activities (food hygiene, nutrition 

services and veterinary services) must carry out annual local planning of the official controls, taking 

into account the provisions of the Multiannual Control Plan, a national plan aimed at rationalising 

controls and optimising the use of available resources. Therefore, local planning departments must 

provide for the use of a “risk-based” method for food ice, taking into account the results of the present 

investigation, and where no official samples of food ice are normally included it would be 

appropriate to consider incorporating this matrix into their sampling schemes. 

Finally, we highlight that our ice samples were collected in public and collective catering 

establishments from active ice machines connected to a public water supply network, without 

highlighting failures or reporting anomalies on plants. It is possible to suppose that public water 

supply was already contaminated. However, with the Guidelines for Drinking Water Quality [34] of 

2004, the World Health Organization has set out the criteria for the Water Safety Plan as the most 

efficacious means of systematically ensuring the safety of drinking water systems and the quality of 

the water supplied, protecting the health of consumers [35]. The Italian Guidelines [36] adopted this 

model, subsequently implemented also in the Apulia region [37], with the objective of integrated risk 

assessment and management, protecting water supplies from their origin to the point of supply [35]. 

Thus, it is more probable that contamination is connected with the production and distribution of ice. 

Therefore, as regards the equipment, it is strictly necessary to follow the instructions provided 

by the manufacturer for adequate maintenance; to implement the frequency of proper sanitisation 

procedures for the internal walls of ice machines, promoting abundant rinsing later; to provide for 

the replacement of any filters and carry out near-term ice sampling, collected by Food Business 

Operators, in order to detect any non-compliance early and to promptly take corrective actions. 

Furthermore, a storage tank, if present, should be subjected to daily checks of hygiene conditions, 

and its cleaning and descaling should take place at least weekly. 

5. Conclusions  

Our results, although preliminary, have highlighted important sanitation problems in the 

distribution of ice for use in food and drink. In the face of the evidence shown herein and the desirable 

planned control actions, which should be adopted by the competent authorities, it seems appropriate 

to suggest the need for a thorough evaluation of where and when food ice is used, and for the 

application of the relevant protocols and regulations to ensure proper maintenance and sanitation of 

ice production plants, as well as timely information and training of staff involved in all aspects of 

food ice production, storage and use. 

In conclusion, further studies need to evaluate the presence of other microorganisms (e.g., 

pathogenic enterobacteria, enterovirus, protozoa) and to verify a possible relationship between the 

degree of contamination of the ice and the correct use of the various equipment. Furthermore, 

research could be extended to other regions of Italy, evaluating also geographic position as a variable 

and comparing public and collective catering establishments. This would define a more complete and 

detailed scenario. 

Author Contributions: G.C., M.T.M. and V.M. conceived the study and wrote the manuscript; M.G., D.L., G.T.S., 

P.M. and V.M. collected the ice samples; U.M. reviewed the manuscript; G.D., S.R., F.T., A.M. and F.A. analysed 

the food ice samples; P.T. analysed statistically the results. All authors have read and agreed to the published 

version of the manuscript. 

Funding: This research received no external funding. 



Int. J. Environ. Res. Public Health 2020, 17, 2408 9 of 11 

 

Acknowledgments: We thank Sandra Cheesman, PhD, from Edanz Group (www.edanzediting.com/ac) for 

editing a draft of this manuscript. 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References 

1. Settanni, L.; Gaglio, R.; Stucchi, C.; De Martino, S.; Francesca, N.; Moschetti, G. Presence of pathogenic 

bacteria in ice cubes and evaluation of their survival in different systems. Ann. Microbiol. 2017, 67, 827–835. 

2. Istituto Nazionale Ghiaccio Alimentare (INGA), 2015. Manuale di Corretta Prassi Operativa per la 

Produzione di Ghiaccio Alimentare. Available online: http://www.ghiaccioalimentare.it/ilmanuale/ 

(accessed on 10 January 2020). 

3. Portale Acque Ministero della Salute. Available online: 

http://www.portaleacque.salute.gov.it/PortaleAcquePubblico/noteInformative.do (accessed on 10 January 

2020). 

4. Teixeira, P.; Brandão, J.; Silva, S.; Novak Babi, M.; Gunde-Cimerman, N.; Pires, J.; Costa, S.; Valério, E. 

Microbiological and chemical quality of ice used to preserve fish in Lisbon marketplaces. J. Food Saf. 2019, 

e12641. 

5. Decreto Legislativo 2 Febbraio 2001, n. 31 “Attuazione Della Direttiva 98/83/CE Relativa alla Qualità Delle 

Acque Destinate al Consumo Umano” Gazzetta Ufficiale n. 52 del 3 Marzo 2001—Supplemento Ordinario 

n. 41. 

6. Francesca, N.; Gaglio, R.; Stucchi, C.; De Martino, S.; Moschetti, G.; Settanni, L. Yeasts and moulds 

contaminants of food ice cubes and their survival in different drinks. J. Appl. Microbiol. 2018, 124, 188–196. 

7. Gaglio, R.; Francesca, N.; Di Gerlando, R.; Mahony, J.; De Martino, S.; Stucchi, C.; Moschetti, G.; Settanni, 

L. Enteric bacteria of food ice and their survival in alcoholic beverages and soft drinks. Food Microbiol. 2017, 

67, 17–22. 

8. Gerokomou, V.; Voidarou, C.; Vatopoulos, A.; Velonakis, E.; Rozos, G.; Alexopoulos, A.; Plessas, S.; 

Stavropoulou, E.; Bezirtzoglou, E.; Demertzis, P.G.; et al. Physical, chemical and microbiological quality of 

ice used to cool drinks and foods in Greece and its public health implications. Anaerobe 2011, 17, 351–353. 

9. Mellou, K.; Katsioulis, A.; Potamiti-Komi, M.; Pournaras, S.; Kyritsi, M.; Katsiaflaka, A.; Kallimania, A.; 

Kokkinos, P.; Petinaki, E.; Sideroglou, T.; et al. A large waterborne gastroenteritis outbreak in central 

Greece, March 2012: Challenges for the investigation and management. Epidemiol. Infect. 2014, 142, 40–50. 

10. Draper, A.D.K.; Morton, C.N.; Heath, J.N.I.; Lim, J.A.; Markey, P.G. An outbreak of Salmonella Saintpaul 

gastroenteritis after attending a school camp in the Northern Territory, Australia. Commun. Dis. Intell. 2017, 

41, E10–E15. 

11. Nakayama, T.; Ha, N.C.; Quoc Le, P.; Kawahara, R.; Kumeda, Y.; Sumimura, Y.; Yamamoto, Y. 

Consumption of edible ice contaminated with Acinetobacter, Pseudomonas, and Stenotrophomonas is a risk 

factor for fecal colonization with extended-spectrum β-lactamase-producing Escherichia coli in Vietnam. J. 

Water Health 2017, 15, 813–822. 

12. Nguyen, T.V.; Pham, Q.D.; Do, Q.K.; Diep, T.T.; Phan, H.C.; Ho, T.V.; Do, H.T.; Phan, L.T.; Tran, H.N. 

Cholera returns to southern Vietnam in an outbreak associated with consuming unsafe water through iced 

tea: A matched case-control study. PLoS Negl. Trop. Dis. 2017, 11, e0005490. 

13. Levine, W.C.; Stephenson, W.T.; Craun, G.F. Waterborne disease outbreaks, 1986–1988. J. Food Prot. 1991, 

54, 71–78. 

14. Qualità Dell’acqua—Conta di Escherichia coli e Batteri Coliformi—Parte 1: Metodo per Filtrazione su Membrana; 

UNI EN ISO 9308-1; UNI: Milan, Italy ; 2017. 

15. Qualità Dell’acqua—Ricerca ed Enumerazione di Enterococchi Intestinali—Metodo di Filtrazione su Membrana; 

UNI EN ISO 7899-2; UNI: Milan, Italy ; 2003. 

16. Water Quality—Detection and Enumeration of Pseudomonas aeruginosa. Most Probable Number Method; ISO 

16266-2; ISO: Geneva, Switzerland ; 2018. 

17. RAPPORTI ISTISAN 07/5. Metodi analitici per le acque destinate al consumo umano ai sensi del DL.vo 

31/2001. Metodi microbiologici. (ISS A 018B rev. 00. Determinazione Stafilococchi Patogeni) Istituto 

Superiore di Sanità: Roma, Italy, 2007. Available online: http://old.iss.it/binary/publ/cont/07-

5.1178787574.pdf (accessed on 27 January 2020). 



Int. J. Environ. Res. Public Health 2020, 17, 2408 10 of 11 

 

18. De Hoog, G.S.; Guarro, J.; Gené, J.; Figueras, M.J. Atlas of clinical fungi: Electronic version 3.1; 

Centraalbureau voor Schimmelcultures (CBS): Utrecht, Netherlands . 2009. 

19. Hazard Analysis and Critical Control Point (HACCP) System and Guidelines for Its Application—Annex to 

CAC/RCP 1–1969; 2003 Available online: 
https://www.mhlw.go.jp/english/topics/importedfoods/guideline/dl/05.pdf (accessed 25 January 2020).  

20. Hampikyan, H.; Bingol, E.B.; Cetin, O.; Colak, H. Microbiological quality of ice and ice machines used in 

food establishments. J. Water Health 2017, 15, 410–417. 

21. Noor Izani, N.J.; Zulaikha, A.R.; Mohamad Noor, M.R.; Amri, M.A.; Mahat, N.A. Contamination of faecal 

coliforms in ice cubes sampled from food outlets in Kubang Kerian, Kelantan. Trop. Biomed. 2012, 29, 71–

76. 

22. Falcão, J.P.; Falcão, D.P.; Gomes, T.A. Ice as a vehicle for diarrheagenic Escherichia coli. Int. J. Food Microbiol. 

2004, 91, 99–103. 

23. Waturangi, D.E.; Pradita, N.; Linarta, J.; Banerjee, S. Prevalence and molecular characterization of Vibrio 

cholerae from ice and beverages sold in Jakarta, Indonesia, using most probable number and multiplex PCR. 

J. Food Prot. 2012, 75, 651–659. 

24. Cava, R.; Sangronis, E.; Marin-Iniesta, F. Comparison of methods for recovering Vibrio cholerae O1 from ice. 

J. Food Prot. 2006, 69, 217–220. 

25. Caggiano, G.; Dambrosio, A.; Ioanna, F.; Balbino, S.; Barbuti, G.; De Giglio, O.; Diella, G.; Lovero, G.; 

Rutigliano, S.; Scarafile, G.; et al. Prevalence and characterization of methicillin-resistant Staphylococcus 

aureus isolates in food industry workers. Ann Ig. 2016, 28, 8–14. 

26. Kanwar, A.; Cadnum, J.L.; Xu, D.; Jencson, A.L.; Donskey, C.J. Hiding in plain sight: Contaminated ice 

machines are a potential source for dissemination of Gram-negative bacteria and Candida species in 

healthcare facilities. Infect. Control Hosp. Epidemiol. 2018, 39, 253–258. 

27. Yorioka, K.; Oie, S.; Hayashi, K.; Kimoto, H.; Furukawa, H. Microbial contamination of ice machines is 

mediated by activated charcoal filtration systems in a city hospital. J. Environ. Health 2016, 78, 32–35. 

28. Worthington, H.V.; Clarkson, J.E.; Eden, O.B. Interventions for preventing oral mucositis for patients with 

cancer receiving treatment. Cochrane Database Syst. Rev. 2007, 4, CD000978. Review. Cochrane Database 

Syst Rev. 2010, 12, CD000978. 

29. Breathnach, A.S.; Riley, P.A.; Shad, S.; Jownally, S.M.; Law, R.; Chin, P.C.; Kaufmann, M.E.; Smith, E.J. An 

outbreak of wound infection in cardiac surgery patients caused by Enterobacter cloacae arising from 

cardioplegia ice. J. Hosp. Infect. 2006, 64, 124–128. 

30. Montagna, M.T.; Lovero, G.; De Giglio, O.; Iatta, R.; Caggiano, G.; Montagna, O.; Laforgia, N. Invasive 

fungal Infections in Neonatal Intensive Care Units of Southern Italy: A multicenter regional active 

surveillance (AURORA Project). J. Prev. Med. Hyg. 2010, 51, 125–130. 

31. Montagna, M.T.; De Giglio, O.; Napoli, C.; Lovero, G.; Caggiano, G.; Delia, M.; Pastore, D.; Santoro, N.; 

Specchia, G. Invasive fungal infections in patients with hematologic malignancies (Aurora Project): Lights 

and shadows during 18-months surveillance. Int. J. Mol. Sci. 2012, 13, 774–787. 

32. Caggiano, G.; Lovero, G.; De Giglio, O.; Barbuti, G.; Montagna, O.; Laforgia, N.; Montagna, M.T. 

Candidemia in the neonatal intensive care unit: A retrospective, observational survey and analysis of 

literature data. Biomed. Res. Int. 2017, 1-12. 

33. Montagna, M.T.; Lovero, G.; Coretti, C.; De Giglio, O.; Martinelli, D.; Bedini, A.; Delia, M.; Rosato, A.; 

Codeluppi, M.; Caggiano, G. In vitro activities of amphotericin B deoxycholate and liposomal amphotericin 

B against 604 clinical yeast isolates. J. Med. Microbiol. 2014, 63, 1638–1643. 

34. Guidelines for Drinking Water Quality, 4th ed.; World Health Organization: Geneva, Switzerland, 2011. 

Available online: https://www.who.int/water_sanitation_health/publications/dwq-guidelines-4/en/ 

(accessed on 27 March 2020). 

35. Bonadonna, L.; Cannarozzi de Grazia, M.; Capolongo, S.; Casini, B.; Cristina, M.L.; Daniele, G.; 

D'Alessandro, D.; De Giglio, O.; Di Benedetto, A.; Di Vittorio, G.; et al. Water Safety in Healthcare Facilities. 

The Vieste Charter. Ann. Ig. 2017, 29, 92–100. 

  



Int. J. Environ. Res. Public Health 2020, 17, 2408 11 of 11 

 

36. Guidelines for the Assessment and Management of Risk in the System of Distribution of Water for Human 

Consumption According to the Model of the Water Safety Plans; ISTISAN 14/21 Reports; Istituto Superiore di 

Sanità: Roma, Italy, 2014. Available online: http://old.iss.it/binary/publ/cont/14_21_web.pdf (accessed on 

27 March 2020). 

37. Puglia Regional Regulation No. 1 of 9 January. In Regulations for the Quality Assessment, Surveillance and 

Control of Water for Human Consumption; Regione Puglia Bari, Italy; 2014. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


