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1. INTRODUCTION 

The evidence reviewed in the 1997 IFH keynote paper “The need for a home hygiene policy and guidelines on home 

hygiene” (IFH) shows that infection outbreaks in the home, particularly infectious intestinal disease (IID) and respiratory 

infections, are a  serious concern.  Much of the cross infection that occurs in the home probably arises from direct person-

to-person interaction and can only be controlled by changes in social behaviour, if at all. We know that many gastrointestinal 

infections result from consumption of contaminated raw food purchased from retail outlets, which has been improperly 

cooked or inadequately stored.  Increasingly, however, it is acknowledged that IID in the community is by no means all 

foodborne, and that person-to-person spread within families via hands and other surfaces is often a factor, especially with 

viral infections. Similarly, whereas it has been generally accepted that respiratory infections, such as the common cold, are 

spread by aerosol transmission resulting from sneezing and coughing, there is now growing evidence that a significant 

proportion, particularly of cold viruses, are spread via hands and surfaces. Such evidence suggests that a large proportion of 

both IID and respiratory infections are preventable through improved standards of food handling coupled with better hand 

and surface hygiene practices. 

 

Although many of the respiratory and gastrointestinal infections (particularly those caused by viruses) can be asymptomatic 

or relatively mild and self-limiting, they still represent a major economic burden. In addition, increasing numbers of people 

with reduced immunity to infection are now cared for at home and for this group, the consequences of infection can be 

much more serious – and may result in hospitalisation with the associated additional costs. Higher risk groups include not 

only the immunocompromised, such as individuals using immunosuppressive drugs and also those using invasive systems 

(indwelling catheters) or inhalation systems or devices, but also those with a weaker immune response (immunodeficient), 

such as the elderly, neonates, pregnant women and hospital patients discharged into the community. Otherwise healthy 

family members with asthma or allergies also have increased susceptibility to infection. Bloomfield (2001) estimates that up 

to 1 in 6 people in the UK belong to a higher risk group. 

 

It is timely that recent studies which focus specifically on the home setting are now giving us a better understanding of how 

infectious disease is spread within this setting and the extent to which it might be preventable through appropriate hygiene 

behaviour. The results of these studies are being used to support the development of effective hygiene policies for the 

home. Such studies suggest that we are only now beginning to properly understand the infect ious disease transmission 

implications for the home.  

 

One of the problems in making the case for good hand and surface hygiene as a means of reducing the impact of infectious 

disease in the community is, and has always been, the lack of quantitative epidemiological data indicating the relative extent 

to which infections in the home result from poor hygiene.  Justifying the importance of hygiene is complicated by the fact 

that evidence citing cross-contamination as a causative factor in an outbreak is always circumstantial.  Although in vivo 

studies increasingly demonstrate cross-contamination in the home, since cross-contamination does not always result in an 

infection, the population size required to demonstrate the impact of a hygiene procedure on infection rates makes the cost 

of such studies prohibitive.  Risk modelling techniques now offer the possibility to perform such assessments but this 
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approach is also open to challenge. The case for good home hygiene must therefore rest on epidemiological and 

microbiological evidence showing that cross-contamination is responsible for infection in the home coupled with laboratory 

and in vivo data demonstrating that hygiene procedures can prevent cross contamination. 

 

The object of this paper is to review the infection potential in the home.  The first part of the paper reviews “audit” surveys 

of the home environment which indicate where and under what circumstances, microbial contamination which could 

represent a hazard is most likely to be found.  Although the data give a useful picture of the home environment, it must be 

recognised that, as in all settings, it is not only the presence but also the risk of exposure to pathogens which is fundamental 

in determining the infection risk.   Probably of greater value therefore are the growing number of studies, as reviewed in this 

paper, specifically related to the home setting which show how pathogenic bacteria and viruses can persist and be 

disseminated where an identified source is known to be present.  The importance of infectious dose as a determining factor 

in cross infection is also discussed and infections for which the evidence suggests that cross-contamination via hands and 

other surfaces was a contributory factor are reviewed.  The last part of this paper documents the evidence that shows a 

positive impact of hygiene practice in reducing infection.  

 

2. MICROBIAL CONTAMINATION IN THE DOMESTIC ENVIRONMENT 

 

Studies of the domestic environment by Finch et al. (1978), Scott et al. (1982), Speirs et al. (1995), Josephson et al. 

(1997) and Rusin et al. (1998) indicate that micro-organisms, including some potentially pathogenic species, are commonly 

found in all areas of the home environment. 

 

The results of these studies indicate that wet sites, such as kitchen sink areas (particularly sink surfaces, draining board, U-

tubes), toilets and nappy buckets are most commonly associated with heavy contamination and the occurrence of potentially 

harmful species. Other wet sites, such as dishcloths and similar cleaning utensils, were also found to be frequently and 

heavily contaminated.  These results suggest that, in the kitchen, although raw food is probably the main source of 

contamination, the sink, waste trap and surrounding areas can also act as semi-permanent sources or reservoirs which 

harbour and encourage the establishment of free-living bacterial and fungal populations. Similarly, in the bathroom or toilet, 

although enteric bacteria probably originate from the toilet or directly from humans, indications are that baths, basins, 

cleaning cloths and face cloths may form semi-permanent reservoirs of bacteria. These conclusions were further supported 

by laboratory studies (Scott and Bloomfield 1990a, 1990b, Scott 1990) which demonstrated the ability of Gram-negative 

species, such as E. coli, Klebsiella spp. and pseudomonads to grow to substantial numbers in samples of sink U-tube and 

toilet water, and in contaminated wet cloths.  Additionally, although less frequent, potentially harmful organisms are quite 

often isolated from hand and food contact surfaces in the bathroom and toilet as well as in the kitchen, albeit in low 

numbers.  

The Enterobacteriacae spp. isolated in the study of Scott et al. (1982) included Klebsiella, Enterobacter, Citrobacter, 

Proteus and E. coli.  A similar pattern was also reported in the studies of Finch et al. (1978) and Speirs et al. (1995). 

Although these species are not normally pathogenic to the healthy adult, they must be regarded as indicators of poor 
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hygiene.  Other species which were isolated included Pseudomonas aeruginosa and Staphylococcus aureus. In a survey of 

213 homes, Listeria spp. were found in about 47.4% of homes and were recovered from wet sites, such as kitchen sinks, 

dishcloths and washing up brushes, the refrigerator and the toothbrush (Beumer et al. 1996). Speirs et al. (1995) isolated 

Listeria monocytogenes from fridge surfaces in 2.2% of dwellings.  Yersinia enterocolitica was also isolated from the sink 

area in 4.2% of homes, and Bacillus cereus from 10.9% of homes.  

 

Enriquez et al. (1997) isolated and identified 23 different bacterial species from 140 sponges, and 13 bacterial species from 

56 dishcloths from US homes. The most common bacteria were Enterobacteriacae and Pseudomonas spp.  Salmonella spp. 

were identified in 15% of sponges and 14% of dishcloths.  Pseudomonas spp. were present in 36% of sponges and 31% of 

dishcloths.  Staphylococcus aureus was present in 20% of sponges and 19% of dishcloths.  A UK study also found 84% of 

dishcloth samples contaminated with Listeria spp. (Duggan and Phillips 1998). Hilton and Austin (2000) sampled 100 

dishcloths and sponges from domestic kitchens and isolated Staphylococcus aureus from 4% of sponge-type materials, with 

counts ranging from 102 to 4 x 104 cfu/ml.  The total viable count from all cloth types ranged from 20 to 6 x 108 cfu/ml 

with a mean of 8.5 x 107 cfu/ml. 

 

The fact that in all but one of these studies (Josephson et al. 1997), primary pathogens, such as Salmonella and 

Campylobacter, were not isolated,  should not be taken as an indication that these organisms do not occur in the home. It 

must be borne in mind that the number of homes surveyed was relatively small in global terms, and the homes were 

evaluated at random under "normal" conditions.  It is interesting to note that the isolation of Salmonella and Campylobacter 

came from the most recently reported study (Josephson et al. 1997), which may reflect the increased incidence of these 

organisms in chickens purchased from retail outlets since the earlier studies of 1970s and early 1980s.  In Josephson’s 

study of 10 US homes, Salmonella spp. were isolated once (from a sponge) and Campylobacter only twice (from sinks). It 

may also reflect improved sampling and culturing techniques for these more fastidious organisms. 

 

3.   SOURCES, DISPERSAL, PERSISTENCE AND SPREAD OF MICROBES IN THE DOMESTIC SETTING 

 

Within the home, the primary sources by which pathogenic micro-organisms are continually and inevitably introduced into 

this setting are people, food, pets, water, insects and air. Additionally, sites where stagnant water accumulates, such as in 

sinks, U-bends, toilets and cleaning cloths, can support microbial growth and become a primary reservoir of  known or 

opportunistic pathogens.  

 

Contact of a new host with a source of pathogens in the home depends on a variety of factors including the number of 

microbial particles “shed” into the environment, their ability to remain viable outside the host and the potential for spread 

within this closed environment.  While diarrhoea rids the gut of the microbial pathogen, it also increases the potential for 

contamination of the environment and spread of the infection.  Irritation of the respiratory epithelium in many types of viral 

infections can increase  nasal discharges and/or induce coughing and sneezing, thus increasing the potential for shedding 

and transmission of the etiological agent. The more particles shed the greater is their chance of reaching a new host.  
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Equally important, the likelihood of cross infection (as opposed to cross-contamination) depends on the number of particles 

that reach the new host, the immune status of that host and the route by which they become exposed. 

 

3.1 Laboratory experiments demonstrating the potential persistence and spread of microbes in the environment 

 

A number of laboratory-based studies, such as those described by Lowbury and Fox (1953), Petit and Lowbury (1968), 

Rathmachers and Borneff (1977), McEldowney and Fletcher (1988) and Hirai (1991), demonstrate that drying of surfaces 

has a significant bactericidal effect. However, these data together with other studies (Scott and Bloomfield 1990a, 

Humphrey et al. 1994, Cogan et al. 1999, Neely and Maley 2000) indicate that many types of pathogenic bacteria can 

survive on inanimate surfaces long enough to allow transfer to others surfaces in sufficient numbers to represent an infection 

risk. Rotaviruses, rhinoviruses, adenoviruses, and hepatitis A virus, for example, can also remain viable for at east a few 

hours on hard environmental surfaces (Sattar et al. 1986, Ansari et al. 1988, Ward et al. 1991, Mbithi et al. 1991).  

 

For sites and surfaces where the environment is moist, bacterial, viral and fungal pathogens can survive for extended periods 

of time.  For contaminated cleaning cloths (Scott and Bloomfield 1990b) not only survival, but also rapid regrowth of Gram-

negative species readily occurs at ambient temperatures, particularly where cloths remain in a damp condition.  Growth of 

bacteria in samples of toilet water has also been demonstrated (Scott 1990 PhD). 

 

The potential for dispersal/cross contamination of microbes via surfaces, such as hands, cloths and contact surfaces, and via 

the air has also been demonstrated by a range of laboratory based studies. It has been shown that when surfaces become 

contaminated by contact with food the contaminating organisms not only survive for quite considerable periods but are also 

readily transferred via hands and cloths, etc. to other surfaces in numbers sufficient to represent an infection hazard (Scott 

and Bloomfield 1990a, 1990b, 1993, Hilton and Austin 2000).  Further, recent studies have begun to assess the transfer 

rates between hands, foods and kitchen surfaces (Chen et al. 2001) and between household objects, hands and the mouth 

(Rusin et al. 2000). In their study to quantify cross-contamination rates in common food service tasks, Chen and co-workers 

found that transfer rates are highly variable but can range as high as 100% and as low as less than 1%. Rusin et al. (2000) 

determined that transfer from surfaces to hands (using Serratia rudidea, Micrococcus luteus and bacteriophage PRD-1) was 

highest from non-porous surfaces, such as faucets, with a 48.7% transfer efficiency and much lower from other surfaces 

such as carrots (<1%) and sponges and dishrags (<1%). Even so, up to 1 million bacteria and viruses were transferred to 

the hands after wringing out a seeded sponge or dishrag. Transfer rates from the hands directly to the lips were found to be 

7.8% for M. luteus, 4.64% for PRD-1 and 1.98% for S. rudidea. 

 

 

3.2 Field studies on the survival  and spread of bacter ia and viruses in the home and other sett ings 

 

In the following sections a range of field studies are reported from homes and other related environments demonstrating 

how pathogens can persist and be disseminated when introduced from a specific source, such as humans, pets, food, etc. 



 
 

INFECTION POTENTIAL IN THE HOME – AUGUST 2002 

 8 

 

3.2.1 Food as a source of bacterial pat hogen exposure in the home 

 

Pathogenic micro-organisms are ubiquitous throughout nature and are frequently found on or in raw foods which are 

brought into the home.  During handling of such foods prior to cooking, some contamination is inevitably transferred to 

hands and food contact surfaces.  The pathogens brought into the home on raw or processed food include those that are 

most commonly implicated in food-poisoning cases, such as Salmonella, Campylobacter and E. coli.  

 

Many studies have shown the extent to which dispersal and persistence of micro-organisms can occur during preparation of 

food in the domestic kitchen. Clear evidence of contamination and cross-contamination via inanimate surfaces in the 

domestic environment during preparation of raw chickens was demonstrated by De Wit et al. (1979) and Dawkins et al. 

(1984) demonstrated that when Campylobacter is introduced into a kitchen preparation area on fresh or frozen chicken, the 

surrounding work surfaces are very likely to become contaminated.  Borneff et al. (1988) showed that during the 

preparation of a dinner, micro-organisms in contaminated chopped meat were spread over all the utensils and working 

surfaces used, thus infecting the ready-prepared food. Cross-contamination experiments by De Boer and Hahne (1990) 

showed that Campylobacter jejuni and Salmonella are easily transferred from raw chicken products to chopping boards, 

plates and hands.  In a study by Humphrey et al. (1994) it was found that following routine preparation of egg dishes using 

eggs artificially contaminated with Salmonella enteritidis PT4, the strain was recovered from fingers and utensils, sometimes 

even after washing. The organisms could be recovered from dry films of either batter or eggs on work surfaces up to 24 

hours after contamination. McDermid and Lever (1996) showed that Salmonella enteritidis PT4 could remain viable in 

aerosols for up to 2 hours, confirming the potential for transmission of these organisms during food processing via this 

route. 

 

Zhao et al. (1998) developed a laboratory model for evaluating cross-contamination in the kitchen and showed that bacteria 

can be readily transferred to chopping boards after cutting and handling contaminated raw poultry.  These studies showed 

that large numbers of bacteria can survive on the chopping boards for at least 4 hours and can cross-contaminate fresh 

vegetables if the boards are not cleaned or disinfected. 

 

More recently, Cogan et al. (1999) demonstrated that, following preparation of chickens contaminated with Salmonella and 

Campylobacter in 20 domestic kitchens, these species could be isolated from 16.8% of the hands and from hand and food 

contact surfaces sampled.  Results suggested that not only hands but also cloths were responsible for dissemination.  In a 

further study (Cogan et al. in press) involving a limited number of sites (hands, cloths, chopping board, utensils, tap 

handles) the number of bacteria disseminated was evaluated. For Salmonella-contaminated surfaces although counts of <10 

were recorded on 18.3% of occasions, on 22 (18.3%) and 2 (1.7%) of occasions (a board and a cloth) counts were >10 

and >1000, respectively. For Campylobacter-contaminated surfaces, high counts were isolated more frequently with 20% 

of sites recording counts of >1000. High counts of both species occurred on chopping boards despite the fact that 

participants were asked to clean the boards between preparing the chicken and the vegetables. 
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Meredith et al. (2001) demonstrated that during the preparation of a chicken meal, artificially seeded bioluminescent E. coli 

DH5a was widely disseminated throughout the kitchen and equipment used, especially to hand contact surfaces. 

 

UK surveys reported since 1979 have variously quoted contamination levels for Salmonella in chicken of 25–79% (PHLS 

1989, Anon 1995) and of 80–90% for Campylobacter (Anon 1999, Bolton et al. 1999, Kramer et al. 2000). The most 

recent data covering fresh and frozen chicken in the UK suggests that contamination rates have been significantly reduced. 

The UK Food Standards Agency (FSA 2001) quotes an average contamination rate of 50% for Campylobacter and 6% for 

Salmonella in chickens. However, regional figures vary so that, for example, the figure for Salmonella in frozen chickens in 

Scotland stands at 17.4% and for Northern Ireland the contamination for Campylobacter in fresh chickens remains at 89%. 

Similar or higher rates of contamination in chickens have also been reported from other European countries such as the 

Netherlands, France, Italy and Germany (Humphrey 2001).  A UK study (Hardy et al. 2000) showed that 5.8% of 243 

samples of poultry outer packaging obtained from retail outlets were also positive for Campylobacter. None of the samples 

were positive for Salmonella.  A recently published UK study by Chapman et al. (2001) confirmed that both cattle and sheep 

are important reservoirs of E. coli O157, especially over the summer months.  These workers showed that 12.9% and 7.4%, 

respectively, of faecal samples from cattle and sheep respectively, and 0.4% and 0.8% of meat products purchased from 

butchers were positive for E. coli O157. 

 

3.2.2 Humans as a source of bacterial  pathogen exposure in the home 

 

Pathogenic organisms can also be “shed”, or transferred by contact, into the environment by infected family members or by 

symptomless carriers. Van Schothurst et al. (1978) demonstrated that in 73 homes where a case of salmonellosis had 

occurred, in over half of these homes, isolates of the same serotype were recovered from environmental sites, including 

worktops, sinks and towels, etc.  More recently Schutze et al. (1999) carried out an investigation of 50 homes in which 

there was an infant infected with Salmonella (mainly Salmonella typhimurium or Salmonella newport).  Isolates of Salmonella 

were recovered from 19 (38%) of homes. In all but 2, the same serotype was isolated from the environment, from another 

family member, or from pets in the home. These authors commented on the potential role of environmental sources for 

salmonellosis in young children.  Following the investigation of 9 cases of infant salmonellosis, Haddock (1986) isolated 

Salmonella from the contents of 4 of 9 vacuum cleaners. Three of the four isolates were of the same serogroup as the infant 

case. 

 

In a recent case-control study Wilson et al. (1998) showed that, of 100 homes where there was a confirmed Salmonella 

case, the same organisms could be isolated from the dishcloth in 6% of homes.  Although it is not certain whether the 

contamination of the cloth derived from the food which caused the infection or from the presence of the infected person in 

the home, the study highlights the potential for cross-contamination in homes where there is a Salmonella case. In fact, in all 

of the studies described above, it is not clear whether humans were the primary source of pathogens in the home 

environment. Food and pets can also serve as primary sources for the environment.  However, once the environment has 
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become contaminated by whatever means, it seems that environmental contamination may be involved in cycling infectious 

agents back to the human occupants. 

 

Barker and Bloomfield (2000) demonstrated that in 4 out of 6 homes where there was a Salmonella case, the causative 

species was isolated from faecal soiling under the flushing rim of the toilet and scale material in the toilet bowl, despite the 

fact that the samples were taken 3 weeks or more following notification of the infection.  Gerba et al. (1975) assessed the 

hazards associated with the household toilet as a source and a vector for cross infection from person-to-person in the 

home.  In these studies large numbers of bacteria and viruses were seeded into the household toilet.  Detection of these 

organisms on bathroom surfaces indicated that the organisms remain airborne and viable long enough to settle on surfaces.  

It was assessed that both the airborne and surface-borne pathogens could represent an exposure risk. More recently toilet-

seeding experiments were set up using Salmonella enteritidis PT4 to mimic environmental conditions associated with acute 

diarrhoea (Barker and Bloomfield, 2000). Flushing the toilet resulted in contamination of the toilet seat and the toilet seat 

lid. In one out of three seedings, Salmonella was also isolated from an air sample taken immediately after flushing, indicating 

that airborne spread of the organism could contaminate surfaces in the bathroom. In the seeded toilet, Salmonella was 

isolated from the biofilm in the toilet bowl below the waterline for up to 50 days after seeding and also on one occasion 

from the bowl water.  Although the risk of exposure to pathogens from the toilet is relatively low under normal conditions, 

the results of these studies suggest that during diarrhoeal illness, there is considerable risk of spread of Salmonella infection 

to other family members via the environment, including contaminated surfaces in the toilet area. 

 

Concerns about the emergence of methicillin-resistant Staphylococcus aureus (MRSA) as a community-based infection has 

led some workers to examine the home environment of MRSA patients. It has been found that the home environment can 

be heavily contaminated and that MRSA has even been isolated from laundered items (personal communication from Martin 

Exner, May 2001). The risk for cross-contamination by household laundry was demonstrated many years ago following an 

investigation of an outbreak of Staphylococcus aureus skin infections among families that shared laundry facilities (Kundsin 

1966). Current concerns for household laundry hygiene relate to changes in the nature of fabrics and in domestic laundry 

practices (Terpstra 1998) as well as to information on the potential of fabrics to spread infections (Neely and Maley 2000). 

 

 3.2.3 Pets as a source of bacteria l  pathogen exposure in the home 

 

The risk of pets bringing potentially infectious organisms into the home is also recognised. Goldstein (1991) reviewed the 

range of both mundane and exotic infections that are transmitted by household pets.  Domestic cats and dogs can act as 

reservoirs of Salmonella, Campylobacter and other enteric pathogens (Moreno et al. 1993, Wall et al. 1996, Hald and 

Madsen 1997, Baker et al. 1999).  Cefai et al. (1994) have drawn attention to domestic pets as a reservoir for MRSA. High 

levels of contamination on the paws of dogs and cats have been found and it has been concluded, for example, that dogs 

may serve as a source of salmonellosis, especially in children (Morse et al. 1976). Moriello and Deboer (1991) isolated 

fungi from 79% of 172 healthy pet cats in a US study.  In a recent study (Harrison 2000) of 100 specimens of faeces 

obtained from a London cattery, 19 species of Campylobacter spp. including C. upsaliensis and C. jejuni were isolated. 
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3.2.4 Air as a source of fungal pathogen exposure in the home 

 

Studies over the last decade have focused on the link between airborne bacteria and fungi, associated with poor housing, 

and the incidence of respiratory allergies, such as asthma (Flannigan et al. 1991). There have been a number of studies 

investigating fungal species which can be found in the home. In one study, spores of Penicillium spp. and Cladosporium spp. 

were isolated on every occasion from at least one room in all homes (Strachan et al. 1980). Aspergillus sp. and other fungi 

as well as yeasts were also isolated.  Total airborne mould counts ranged from 0–41000 cfu/m3 but were usually in the 

range 50–1500 cfu/m3.  

 

Visible mould was found in 46% of households in a cross-sectional study in Glasgow, Edinburgh and London (Platt et al. 

1989).  In a survey in central Scotland the main fungus isolated from the indoor air was Penicillium spp., with Cladosporium 

spp. being the next common. Pink and cream yeasts were also isolated from the air in >90% of houses, with Rhodotorula 

and Sporobolomyces being the main ones (Hunter et al. 1988). Higher airborne mould counts (1000–2000 cfu/m3) were 

found in homes with visible mould. The fungi isolated from the air were similar to homes surveyed in Europe (Beaumont et 

al. 1985), North America (Miller et al. 1988), Taiwan (Li et al. 1994) and Canada (Li and Kendrick 1985) in which 

Penicillium, Cladosporium and Aspergillus also predominated. A study of homes in Berlin showed 63% having large 

amounts of viable fungal propagules and/or visible fungal growth (Dill and Niggerman 1996) Penicillium, Cladosporium, 

Aspergillus, Mycelia sterilia and yeasts were prominent.  In one study in Australia, visible mould growth was present in every 

house at some time during the study (Garrett et al.1998). 

 

Fungi, such as Aspergillus niger, may also form in the topsoil of houseplants. In hospitals and homes, the soil from a wide 

range of potted plants was found to be a major source of A. fumigatus, as well as A. niger and A. flavus (Staib 1994). 

Bacteria, moulds and mildews may be found in air conditioning equipment, humidifier reservoirs, dehumidifier drip pans and 

shower heads. 

 

Fungal contamination of soft furnishings in the home has been comprehensively documented in a series of publications by 

Cole and co-workers. Levels of fungal contamination in carpets and upholstery have been shown to approach or exceed 

100,000 cfu/gram and consist of potential aeroallergens, such as Cladosporium, Alternaria and Penicillium (Cole et al. 

2000). The predominating fungal contaminants recovered from upholstered furniture include Cladosporium, Alternaria, 

Penicillium, Aureobasidium and cream yeast. Other fungi recovered include Aspergillus versicolor, Rhodotorula, Aspergillus 

fumigatus, Aspergillus flavus, Paecilomyces, Trichoderma, Phialophora, Rhizopus, Ulocladium, Fusarium and Stachtbotrys 

(Cole et al. 1999a). 

  

The home also provides reservoirs for opportunistic fungi that are capable of causing infection in the immunocompromised 

community living at home. Infections caused by common indoor environmental moulds, such as Aspergillus, Penicillium, 

Fusarium, Rhizopus and Alternaria, are increasing in HIV-infected and other immunodeficient patients (Cole et al. 1999b). 
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3.2.5 Insects as a source of bacter ia l  pathogen exposure in the home 

 

Domestic flies are accepted vectors of diarrhoea-causing pathogens.  Several studies have examined the impact of fly 

control on the incidence of diarrhoea.  Cohen et al. (1991), in a study carried out at a military base in Israel, demonstrated 

that houseflies can transmit Shigella diarrhoeal infections by acting as a mechanical vector.  Shigella was isolated from a 

proportion of flies.  After implementation of fly control measures the prevalence of houseflies was greatly reduced. Soldiers 

at bases where fly control measures were implemented had significantly less diarrhoeal disease and shigellosis. 

 

In Gambian villages the control of muscid flies resulted in 75% fewer new cases of trachoma in intervention villages than in 

control villages.  In the villages with fly control there was also 22% less childhood diarrhoea in the wet season and 26% less 

in the dry season than in the control villages (Emerson et al. 1999). In a study in Pakistan, the incidence of diarrhoea was 

lower (23% reduction) in villages sprayed with insecticide than in unsprayed villages (Chavasse et al. 1999). 

 

3.3 Viral  pathogens and exposure in the home 

 

It is known that virus particles can be shed in very large numbers from an infected person or carrier in various body fluids 

including blood, faeces, saliva, urine and nasal secretions. The faeces of a case of rotaviral gastroenteritis can contain >1012 

viral particles per gram (Ward et al., 1991), although it should be noted that it is likely that not all of these particles are 

viable and capable of causing infection. Projectile vomit associated with Norwalk-like virus/small round structured virus 

(NLV/SRSV) infection may distribute up to 3 x 107 virus particles as an aerosol into the environment during a vomiting 

attack (Caul 1994).  

 

Although the majority of data regarding the transmission of viruses come from studies in facilities, such as day-care centres 

and children’s hospitals, some studies in the home environment are also reported. 

 

Bellamy et al. (1998) investigated the domestic environment for the presence of viruses and body fluids that may contain 

viruses. Haemoglobin was found on 2% of surfaces (taps, washbasins, toilet bowls and seats) indicating the presence of 

blood. Amylase (an indicator of saliva, sweat and urine) was found on 29% of surfaces, which were frequently handled or in 

contact with urine. These data highlight that surfaces may remain soiled for some time, and that cleaning procedures may 

not be effective.  Enteroviral RNA was detected in 3 out of 448 samples tested (tap handle, telephone handpiece and toilet 

bowl). 

 

Using polio vaccine virus as an indicator of viral contamination from faeces, Curtis et al. (2001) carried out a study of the 

hygiene practices of mothers with young children in England. A total of 234 domestic surface samples from ten households 

and tested for poliovirus. Of these samples, 13% were positive: 15% of bathroom sites were positive, 12% of living room 
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sites and 10% of kitchen sites. Most frequently contaminated were hand contact sites, such as bathroom taps, door handles, 

toilet flushes, liquid soap dispensers, nappy changing equipment and potties. 

 

Virus transmission in a childcare centre was studied by using modified cauliflower virus DNA as an environmental marker 

(Jiang et al. 1998). The DNA markers were introduced into the environment through treated toy balls. The marker treated 

objects were removed after one day, but the markers continued circulating in the settings for up to 2 weeks.  Hand contact 

with contaminated surfaces played an important part in the transmission of the markers. After introduction into the child-

care centre, the markers were detected in the children’s homes, on toys and environmental surfaces, and from the hands of 

family members. 

 

Transmission of viruses in a household setting has been recently studied, using bacteriophage ?X174 as a model virus with 

resistance properties similar to polio- or parvoviruses (Rheinbaben et al. 2000). Contaminated door handles and skin 

surfaces were found to be efficient vectors of contamination.  At least 14 persons could be contaminated one after another 

by touching a contaminated door handle.  Successive transmission from one person to another could be followed up to the 

sixth contact person.  Transfer from contaminated door handles to other surfaces was also confirmed under everyday life 

conditions in a flat shared by four students. 

 

3.3.1 Rotavirus 

A number of studies in child day-care centres have shown that rotavirus is widely disseminated when outbreaks occur. In 

one such centre faecal contamination of hands and the environment was demonstrated during an outbreak of rotavirus 

diarrhoea (Keswick et al. 1983).  Other studies in day-care centres have shown that 16–30% of surfaces sampled can be 

contaminated with rotavirus. In particular, hand contact surfaces (e.g. refrigerator handle, toilet handles, telephone 

receivers, and toys) and moist surfaces, such as sinks, water fountains and water-play tables were contaminated with the 

virus (Keswick et al. 1983, Wilde et al. 1992, Butz et al. 1993). 

 

Akhter et al. (1995) and Soule et al. (1999) found that increases in the number of children suffering from rotavirus-

gastroenteritis was correlated with an increase in the number of environmental surfaces contaminated with rotavirus in 

hospital paediatric units.  Soule et al. (1999) detected rotavirus in 63% of samples from surfaces in direct contact with 

children (thermometers, play mats, toys) compared with 36% of surfaces without direct contact with children (telephones, 

door handles, washbasins). Akhter et al. (1995) also showed frequent detection of rotavirus on surfaces such as toilet 

handles, televisions and toys, i.e. objects handled by humans.  

 

In a treatment centre in Bangladesh, hand-washings from 78% of the attendants of patients with diarrhoea (children under 5 

years) were positive for rotavirus antigens (Samadi et al. 1983). Rotavirus was also found in hand-washings of 19% of 

attendants of patients with non-rotavirus diarrhoea, indicating that they may have come into contact with other attendants 

and patients in adjacent beds.  
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Survival of rotavirus on human hands, and transfer of infectious virus to animate and non-porous inanimate surfaces has 

been demonstrated (Sattar et al. 1986; Ansari et al. 1988). Ward et al. (1991) examined the transfer of rotavirus from 

contaminated surfaces to the mouth and from surfaces to hands to the mouth. All the volunteers who licked rotavirus-

contaminated plates became infected, whereas of those individuals who touched the virus-contaminated plates with their 

fingers and put the fingers to their mouths, only about half became infected. Ward et al. (1991) demonstrated that 13 out 

of 14 adult subjects who consumed rotavirus (103 focus forming units) in a controlled laboratory experiment became 

infected. 

 

3.3.2 Norwalk-l ike virus (NLV) (Small round structured virus (SRSV)) 

 

As mentioned earlier, projectile vomiting associated with NLV (SRSV) infection represents the major route of cross infection 

and it is estimated that 3 x 107 particles may be distributed as an aerosol into the environment during a vomiting attack 

(Caul 1994).  Thus, there is the potential for rapid environmental contamination and spread of NLVs. Aerosols produced 

by vomiting can be inhaled or can contaminate hands or surfaces, with the potential for subsequent transfer to foods or 

direct hand-to-mouth transfer (Caul 1994).  There is often substantial secondary transmission, with a greater than 50% 

attack rate, especially in semi-closed communities. 

 

Some recent studies (Cheesbrough et al. 2000a and b) have shown the extent to which airborne contamination and 

contamination of environmental sites and surfaces can occur as a result of outbreaks occurring in hospital and hotel 

settings.  The prolonged nature of the hotel outbreak, which was reported, indicates the ability of the virus to survive and 

be transferred within the environment in an infective form. 

 

3.3.3. Rhinoviruses 

There is growing evidence that a significant proportion of flu and particularly cold viruses are spread via hands and surfaces, 

such as handkerchiefs and tissues, tap and door handles, telephones or other surfaces touched by an infected person 

(Goldmann, 2000, Eccles 2000).  Cross infection can occur either by handshaking or by touching the contaminated surface.  

Rubbing either the nasal mucosa or the eyes with virus-contaminated hands can cause infection. 

 

Reed (1975), Sattar et al. (1993) and Gwaltney and Hendley (1982) have shown that that rhinoviruses can survive on 

environmental surfaces for several hours and infectious viruses have been recovered from naturally contaminated objects in 

the surrounding of persons with rhinovirus colds.  Clean hands can readily pick up the virus by touching or handling such 

objects (Ansari et al. 1991).  As much as 70% of infectious rhinovirus on contaminated hands has been shown to transfer to 

a recipient’s fingers after contact of only 10 seconds (Gwaltney et al. 1978). After handling contaminated coffee cup 

handles and other objects, more than 50% of subjects developed an infection (Gwaltney and Hendley 1982).  Hendley et al. 

(1973) and Reed (1975) have demonstrated that rhinoviruses can survive for several hours on the hands, and self-

inoculation by rubbing of the nasal mucosa or conjunctivae via virus-contaminated fingers can lead to infection.   

 



 
 

INFECTION POTENTIAL IN THE HOME – AUGUST 2002 

 15 

3.3.4. Respiratory syncytial virus (RSV) 

RSV is the major cause of viral respiratory infection in young children worldwide. It has been clearly demonstrated that 

direct and indirect contact transmission is the more common mode of transmission (Hall et al. 1980, Madge et al. 1992). 

Infants with RSV excrete prodigious concentrations of virus in their nasal secretions for a number of days (Hall et al. 1976). 

RSV has been shown to survive quite well on inanimate objects – more than 5 hours on impervious surfaces such as 

countertops, thus providing the opportunity for contamination of the hands of caregivers (Hall et al. 1978). 

 

3.3.5. Inf luenza virus and parainfluenza virus (PIV) 

Both influenza A and B virus have been shown to survive on hard surfaces, such as stainless steel and plastic for 24 to 48 

hours, and on absorbent surfaces, such as cloth, paper and tissues for up to 12 hours (Bean et al. 1982).  It was shown that 

influenza A virus could be transferred from contaminated surfaces to hands for up to 24 hours after the surface was 

inoculated. There is epidemiological evidence to support the laboratory data: an influenza outbreak in a nursing home 

suggested that the virus was spread by staff, through hands contaminated directly with body fluids, or by touching 

contaminated fomites (Morens and Rash 1995). 

 

Brady et al. (1990) found that when material-containing parainfluenza virus (PIV) was spread and allowed to dry, virus was 

only recoverable for up to 2 hours.  These workers also showed that PIV persisted on the skin for at least 1 hour after 

contamination, which reinforces the need to perform vigorous hand-washing before and after contact with patients and their 

environment. 

 

However, it should be noted that Ansari et al., (1991) showed that PIV are poor in their ability to survive on environmental 

surfaces when compared with rhinoviruses and those findings further reinforce the likelihood that such enveloped viruses are 

spread most likely by air. 

 

 

3.3.6. Hepatit is A Virus 

It is generally agreed that the hepatitis A virus (HAV) is most commonly spread via water, food and by person-to-person 

transmission. However, from an assessment of data showing the occurrence of HAV in secretions, such as saliva, and its 

ability to survive on dry surfaces, Hadler (1991) and Cliver (1983) concluded that fomites are potential risk factors in the 

spread of the virus, especially in hospital wards, day-care centres or restaurants. Sattar and Springthorpe (1996) also 

concluded that hands and environmental surfaces play an important role in the spread of HAV. 

 

3.3.7 Herpes s implex v irus 

Humans are the only known reservoir of herpes simplex virus 1 (HSV). The virus is most commonly spread by oral 

secretions, and can be shed by persons with or without symptoms. HSV can be recovered from the skin for up to 2 hours 

after inoculating the hands with the virus (Bardell 1989). The virus was more readily transmitted from moist drops than from 

drops which had been allowed to dry, although touching dried virus-containing droplets on the skin with a moistened finger, 
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resulted in transmission of the virus. Infectious HSV has also been recovered from environmental surfaces, such as 

doorknobs and toilet seats, but there was a marked drop in virus detection as the contaminating material dried out (Larson 

and Bryson 1982, Bardell 1990, Bardell 1993). 

 

3.3.8 Varicel la-zoster  v irus 

A recent study demonstrated the rapid and broad contamination of the environment with varicella-zoster virus (VZV) when a 

family member acquired the disease (Asano et al. 1999). Eight days after onset of the index case VZV DNA was detected in 

both samples from the patient and on the surfaces of an air-conditioning filter, a table, television channel push-buttons and a 

door handle.  The virus was also detected on the hands of the parents and the children. Two siblings developed the disease 

18 days after onset of the index case.  

 

 

4.  THE IMPORTANCE OF INFECTIOUS DOSE 

 

As stated previously, one of the key factors which determines the likelihood of infection occurring as the result of pathogen 

transfer is the number of particles which reach the new host, the immune status of that host and the route by which they 

become infected. The problem in assessing whether contamination in the environment might be a hazard is that the 

infectious dose can vary significantly according to the immune status of the individual, and immune status itself can vary 

significantly even among apparently healthy people (Kwaitowski 2000).  As stated in the Introduction to this paper, it is clear 

that the variability in immune status of individuals is increasingly a significant factor in community and domestic settings as 

well as in the hospital environment.  The possibility that infection can arise from direct contact with contaminated surfaces, 

or by person-to-person contact or via the faecal–oral route is supported by evidence showing that infection can arise from 

ingestion of relatively small numbers of pathogenic organisms. This evidence is reviewed by Guthrie (1992). 

 

Investigations with healthy adults indicate that the effective dose of Salmonella and Escherichia coli may be as high as 106 to 

107 organisms but may be as low as 102 to 103 cells depending on the strain involved (McCullough and Eisele 1951, 

Ferguson and June 1952, Lipson 1976). Other studies have reported the infective dose from contaminated chocolate as 1–

6 cells of Salmonella nima (Hockin et al. 1989), 60–65 cells of Salmonella eastbourne (Craven et al. 1975), 50–100 

organisms of Salmonella napoli (Gill et al. 1983) and <10 organisms of S. napoli (Greenwood and Hooper 1983).  

Between 1 and 6 cells of Salmonella typhimurium from cheddar cheese were calculated as the infective dose for 6 patients 

who became ill after consuming the cheese (D’Aoust 1985).  Recent studies by Waterman and Small (1998) suggest that 

the oral infectious dose of Salmonella may be lower (50–100 organisms) when consumed as part of a contaminated food 

source.  This may explain why foodborne transmission of organisms, such as Salmonella occurs more readily then faecal–oral 

transmission. 

 

The infectious dose for E. coli O157 is reported to be particularly low.  In one outbreak a median of less than 100 

organisms per hamburger was reported; cooked hamburgers would have carried considerably fewer organisms (Griffin et al. 
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1994).  Another report (Willshaw et al. 1994) suggests that the oral dose for E. coli O157 may be as little as 10 cells.  The 

infectious dose of Campylobacter is low; ingestion of only 500 organisms can result in human illness (Tauxe 1992). 

 

Marples (1976) showed that for Staphylococcus aureus, although an inoculum of up to 106 cells may be required to 

produce pus in healthy skin, as little as 102 may be sufficient where the skin is occluded or traumatised.  Crompton et al. 

(1962) showed that intra-ocular injection of as few as 60 cells of Pseudomonas aeruginosa was sufficient to cause eye 

infections in rabbits. 

 

Although some viruses survive relatively poorly in the environment, the low infectious dose of many viral pathogens even for 

individuals regarded as “healthy” suggests that, where body fluids contaminate the environment, the virus can persist in 

sufficient numbers to act as sources of infection for several hours, weeks or even months (Sattar and Springthorpe 1999).  

The infective dose for NLVs may be as low as 10 to 100 particles, indicating that both aerosol and surface contamination 

could be a route of transfer of infection (Caul 1994).  Likewise studies with humans have shown that the infective dose for 

rotavirus may be as few as 10 particles and person-to-person transmission probably perpetuates endemic disease (Ward et 

al. 1986). A minimal infective dose of less than 10 plaque-forming units has been demonstrated for poliovirus (Minor et al. 

1981).  Respiratory viruses also have low infective doses. For rhinoviruses, the infective dose via the nasal route, may be 

less than 1 TCID50, i.e. the tissue-culture infective dose infecting 50% of the cells (Couch 1990). Conversely, PIVs have an 

infective dose via the intranasal route of 80 TCID50 (Smith et al. 1966). 

 

 

 

5. OUTBREAKS OF INFECTION ASSOCIATED WITH CROSS-CONTAMINATION AND ENVIRONMENTAL 

CONTAMINATION 

 

The importance of the hands as a cause of cross infection is well accepted. There is a consensus in the medical and scientific 

communities that hand-washing to remove transient organisms acquired from patients or the environment and to prevent 

cross-infection is one of the most fundamental hospital infection control practices (Larson 1988). In an epidemiological 

study carried out in a medical intensive care unit, researchers found that the species of bacteria recovered from patients and 

their attendants’ hands were indistinguishable on multiple occasions (Bauer et al. 1990). The importance of healthcare 

workers’ hands in transmission of nosocomial infections and the association between hand-washing and the reduction in 

hand microbial flora is well-documented (Rammelkamp et al. 1964, Salzman et al. 1967, Casewell and Phillips 1977, Maki 

1978, Rotter 1984, Maki 1989, Bauer et al. 1990, Jarvis 1991).  Similarly, a study of food hygiene spanning the years 

1983 to 1987 indicated that poor personal hygiene by foodhandlers is the second leading cause of foodborne illness (Bean 

et al. 1990); out of 127 reports of foodborne illness investigated in 1983 it was estimated that poor personal hygiene was a 

contributing factor in 13.4% incidents. 
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The importance of the hands as a means of transfer, not only of foodborne pathogens but also other pathogenic species is 

well accepted. However, there has always been some reluctance to accept that inanimate surfaces may represent the route 

of transfer for a range of different infectious diseases, both in the hospital and also in the home. It seems that these doubts 

about the importance of cross-contamination originate from microbiological surveillance studies within the hospital 

environment carried out during the 1970s and 1980s (Maki et al. 1980, McGowan 1981). Whereas it had been previously 

assumed that general disinfection of the hospital environment was beneficial, these studies showed that although control 

procedures could be used to reduce the incidence of contamination in the hospital environment, there was no evidence of 

any reduction in the incidence of infection. The resulting and continued reinforcement of the message that disinfectants are 

not required in hospitals has encouraged the belief that environmental sites and surfaces in general do not represent a 

hazard.  It is possible that we now have a situation where the role of the environment is underestimated both in the hospital 

and particularly in other settings. In hospitals it is recognised that the shift in emphasis from Gram-negative back to Gram-

positive agents such as MRSA, together with increasing concern about viral agents, all of which have enhanced survival 

characteristics in the environment, requires that a more integrated approach is adopted in which environmental hygiene as 

well as hand hygiene  and, for example, patient care equipment is given due attention (Exner et al. 1999, Dancer and 

Crawford 1999, Griffith et al. 2000, Larson and Duarte 2001). 

 

Although studies of the environmental survival characteristics of bacteria and viruses represent an important component in 

understanding the infection potential and the preventive role of hygiene, additional data can be obtained from investigations 

of outbreaks where studies are subsequently carried out to identify not only the source but also the route of transmission of 

the infection. Examples of such studies are reviewed in the following section.  However, although epidemiological and 

surveillance studies provide vital information on modes of infection transmission during outbreaks, they give only a limited 

picture of how sporadic person-to-person transmission actually occurs within community and home environments. Despite 

data limitations, it is generally acknowledged that person-to-person transmission is associated not only with poor hand 

hygiene but also airborne or surface-to-surface transmission. What cannot be deduced from current data is the relative 

importance of these different modes of person-to-person transmission and how it may vary for different agents and different 

communities (home, day-care, etc.).  In particular, it is difficult to assess the importance of environmental contamination as a 

source of secondary cases, but recent data show that this can be a significant factor, particularly in the transmission of NLVs 

(Anon 1993). 

 

5.1.  Infect ious Intest inal  Disease 

 

Contrary to popular perception, indications are that much food-borne-disease arises in the home, although only a small 

proportion is reported (Schmidt 1998).  Estimates from various European countries suggest that from 50% up to as much as 

80% of Salmonella and Campylobacter infections arise in the home (Hoogenboom-Verdegaal and Postema 1990, Scuderi et 

al. 1996).  The main causes of reported food-borne outbreaks include preparation of food too far in advance, allowing 

regrowth of residual survivors, improper cooling and inadequate reheating. For sporadic outbreaks in the home, poor hand 

hygiene is also an important factor.  
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Roberts (1990) concluded that although most food-borne outbreaks are the result of poor temperature control of raw and 

cooked foods, many are directly or indirectly associated with cross-contamination. This review suggested that cross-

contamination is implicated in about 6% of outbreaks and poor hand hygiene in about 4% of outbreaks.  Another report 

(Roberts 1986) suggests that cross-contamination is a contributory factor in up to 14% of outbreaks of Salmonella.  From 

the results of a number of recent investigations, it is increasingly accepted that IID in the community is by no means all food-

borne, and that secondary person-to-person spread within families, particularly of viral infections, is often the cause. Person-

to-person spread via hands or inanimate surfaces, via food prepared in the home by an infected person, or by airborne 

spread (due to aerosolised particles resulting from vomiting or fluid diarrhoea) can all occur. Evans et al. (1998) reported 

that, whereas 174 out of 233 outbreaks of infection in the UK attributed to Salmonella were “mainly foodborne” and 15 

regarded as “mainly person-to-person”, for 680 reported outbreaks of SRSV infection, 607 were attributed to person-to-

person transfer and only 21 were reported as foodborne.  In a more recent study of data from 4083 outbreaks, Le Baigue et 

al. (2000) suggested that 19% of Salmonella outbreaks were transmitted by other means and fewer than half of E. coli O157 

outbreaks were foodborne.  Poor hygiene involving the hands and other surfaces is cited as a contributory factor in up to 

39% of domestic food poisoning outbreaks (Ryan et al. 1996).  From studies demonstrating the spread of Campylobacter 

jejuni in commercial kitchens, Dawkins et al. (1984) concluded that, since cross-contamination via worksurfaces is equally 

likely to occur in domestic kitchens, it is not unreasonable to assume that cross-contamination or careless personal hygiene 

in the home may account for many of the reported sporadic Campylobacter infections. 

 

Surveys of the day-care centre environment have demonstrated an increased risk of diarrhoea associated with faecal 

contamination levels (Ekanem et al. 1983, Holaday et al. 1990, Van et al. 1991a,b, Osterholm et al. 1992, Laborde et al. 

1993).  Researchers were able to demonstrate that toys had the highest coliform bacteria contamination level and that hand 

contamination of children and adults strongly affected diarrhoea incidents. Laborde et al. (1993) also demonstrated a 

correlation between contamination levels and increased risk of disease. 

 

5.1.1 Salmonel la 

Palmer et al. (1981) reported an outbreak of Salmonella typhimurium infection among healthy male students in a university 

hall of residence.  The first phase of the outbreak was due to food contamination, while the second phase of the outbreak 

was best explained by person-to-person spread. In 13 out of 18 residential blocks there was only one toilet.  Soiling of the 

toilet environment must have occurred. All 12 students ill during the second phase of the outbreak had used the toilet in a 

block where students ill in the first phase were also living. The last case in the outbreak did not eat any contaminated food 

or use the hall of residence.  However, she had emptied a commode used by a severely affected student and disposed of 

lightly soiled sheets, indicating that infection was via an environmental source. 

 

After a hospital outbreak of S. typhimurium, organisms were isolated from ward dust and from sputum of patients, indicating 

that aerial spread can occur (Datta and Pridie 1960). Several laundry workers and domestic staff became infected when their 

only contact was with contaminated bed linen. 
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In a hospital S. typhimurium outbreak in the USA, secondary spread was reported in staff whose contact with infected 

patients involved handling only sheets and specimen bottles (Steere et al. 1975). 

 

Sanborn (1963) described several outbreaks of gastroenteritis in which contaminated surfaces were involved.  In one 

outbreak at a naval station, S. typhimurium was isolated from patients and from a cutting board on which turkey had been 

carved. The majority of patients had eaten turkey.  The organism was isolated from the chopping board 12 days after the 

turkey had been carved, despite being cleaned following use.  Another outbreak aboard a ship, due to Salmonella chester, 

occurred in two phases. Roast pork was the suspect vehicle in phase one, while turkey sandwiches were the suspect vehicle 

in phase two. Both foods had been carved on a cutting board placed on a table used to thaw frozen turkeys.  The juices 

from the thawing turkeys apparently contaminated the cutting board.  

 

Following an outbreak of food poisoning in a public house Salmonella enteritidis was isolated from several environmental 

sites in the kitchen, including a cleaning cloth (Holtby et al. 1997). Cleaning of surfaces was carried out using a reusable 

cleaning cloth.  Pre-cooked food, which were possible vehicles of infection, were thought to have been contaminated after 

being brought into the kitchen, suggesting cross contamination may have played a part.  Several sites were contaminated 

with Salmonella 9 days after the outbreak, suggesting cleaning had not been done or had been done badly. Only after 

thorough cleaning was repeat sampling negative, but one of the two joints between work surfaces was still positive. 

 

An investigation of an outbreak of diarrhoeal illness due to Salmonella berta linked it to eating unpasteurised cheese 

produced on a farm (Ellis et al. 1998). Cases increased weekly following weekends when the implicated cheese was sold at 

markets. A review of the unregulated cheese-making process at the farm showed several opportunities for contamination. 

The cheese was made by ripening skim milk curds in buckets for a few days. Chicken carcasses had also been soaked in two 

buckets overnight, with one bucket subsequently used for ripening cheese curds a few days later without being adequately 

disinfected. S. berta was isolated from faecal specimens, left-over cheese samples from case homes and from a cheese curd 

sample from the farm. One of the chicken carcasses also yielded S. berta.  The source of the cheese contamination was 

believed to be the chicken carcasses that had been soaked in the buckets subsequently used to ripen the cheese curd. 

Disinfection and hand-washing practices were not adequate to ensure the safety of the cheese. 

 

As discussed earlier in Section 3.2.2, Schutze et al. (1999) described a study of 50 homes in which children under 4 years 

were known to be infected with Salmonella spp.  In 34% of homes there was also found to be illness in other family 

members at the time of illness of the index patient. The data indicate that environmental sources, infected family members 

and pets, appeared to be much more significant risk factors for development of salmonellosis in these children than 

contaminated foods. 
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5.1.2 Escherichia col i 

Linton et al. (1977) demonstrated that E. coli strains from chicken carcasses became part of the majority coliform flora of 

one volunteer who had handled, cooked and eaten the chickens at home. None of the strains had been detected in the 

faecal flora prior to handling the chicken.  The strains were isolated from faecal specimens taken the day after the chicken 

was handled, prepared and cooked, but before it was eaten. This indicates that it was handling of the uncooked chicken that 

provided the opportunity for transmission of E. coli rather than the eating of the cooked chicken. The strains of  

E. coli from the chicken also remained in the faecal flora for about 10 days. 

 

Mead et al. (1997) conducted a study to identify sources of infection and contributing practices to sporadic outbreaks of E. 

coli O157:H7 infection. Illness was strongly associated with having consumed a hamburger in the week prior to the 

infection, with 80% of the hamburgers having been prepared at home. Case households were more likely to report not 

washing their hands or work surfaces being in contact with raw beef, and were also more likely to report placing cooked 

hamburgers back onto an unwashed plate that had previously been in contact with raw beef. The transmission was believed 

to have occurred more often when the hands of food preparers were allowed to cross-contaminate other food and utensils.  

The authors suggested that 34% of the infections could have been avoided by adequate hand hygiene practices. 

 

In a recent study of sporadic O157 infections in Wales, Parry and Salmon (1998) calculated that the household transmission 

rate from an index case to be 4–14%, although many of the secondary cases were asymptomatic.  Since the organism is 

readily transmitted in the home there is concern that contacts of the index patient may excrete the organism and present a 

risk to the wider community, e.g. through attendance at a child day-care centre or through their occupation. These workers 

thus advised that information on hygiene precautions in the home should be provided promptly to all affected persons. 

 

5.1.3 Campylobacter  

Cross-contamination of food with Campylobacter jejuni from raw chicken was the cause of an outbreak of enteritis from 

eating at a restaurant (Anon 1998). Inspection of the kitchen showed the food preparation area to be too small to separate 

raw poultry and other foods adequately during preparation.  The cook had cut up raw chicken before preparing salads and 

lasagne (which were statistically associated with illness). The lettuce or lasagne was probably contaminated with C. jejuni 

from raw chicken through unwashed or inadequately washed hands, cooking utensils or the countertop. 

 

A review by Pebody et al. (1997) described the epidemiology of reported general outbreaks of Campylobacter infection in 

England and Wales. Some of the foodborne outbreaks were related to the handling and consumption of poultry and cross-

contamination from other foods.  

 

5.1.4 L i s te r i a 

Listeria monocytogenes was the causal agent of an outbreak of gastroenteritis among guests who had attended a supper at a 

private home.  The rice salad was deemed the most likely vehicle since the attack rate was 90% for those who ate rice salad. 

The rice salad had been prepared 24 hours in advance and stored at room temperature until eaten.  Listeria monocytogenes 
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was also isolated from other foods left over from the supper, and from the blender and the freezer in the home of the cook.  

Thus, there was evidence that cross-contamination from kitchen surfaces or utensils may have played a role in this outbreak 

(Salamina et al. 1996). 

 

5.1.5. Shigel la sonne i  dysentery 

Poor surface hygiene has also been implicated in a number of other infections which occur in the home. In 1992 there was 

an epidemic outbreak of dysentery caused by Shigella sonnei. Some 17,000 cases of dysentery were reported for England 

and Wales in 1992 compared with 2313 in 1990 (Evans and Maguire 1996).  Transmission of Shigella is via the faecal–oral 

route and it is recognised that prevention requires careful attention to hand hygiene and cleaning of washbasins, toilets and 

surrounding areas (Khan 1982).  Outbreaks are often centred on nursery schools, etc., but there is also substantial evidence 

for spread within the home. The infectious dose is very small and young children are implicated in the spread of shigellosis 

to their families. 

 

5.1.6. Viral infect ions 

 

In developed countries it is estimated that 30–40% of infectious gastro-enteritis cases are attributable to viruses (Thompson 

1994).  UK surveillance data show that reported outbreaks of viral intestinal infection have increased rapidly over the last 10 

years; epidemiological data for 1995 and 1996 (Evans et al. 1998) show that rotavirus, astrovirus, SRSV and other 

caliciviruses were responsible for 48% of all reported outbreaks of IIDs.  A recent UK study involving some 460,000 

participants indicated that as many as 1 in 5 people in the general UK population develop IID each year with an estimated 

9.4 million cases occurring annually (Wheeler et al. 1999).  This study indicated that for every 1 reported case of 

Salmonella infection 3 cases go unreported.  By contrast for every one reported case of rotavirus and SRSV infection about 

35 and 1500 cases, respectively, go unreported.  Although it is not possible to obtain proof since the sources of these 

cases was not investigated in the community studies, the most obvious conclusions are that a very significant proportion of 

these infections relate to community settings including the home. 

 

For rotavirus infection, person-to-person transmission via the faecal–oral route and environmental contamination is cited as 

the main route of transmission while for NLVs infection aerosols of projectile vomit and also consumption of contaminated 

food is also cited (PHLS 1995). 

 

Norwalk-like viruses (NLVs/SRSV) play a predominant part in epidemic viral gastroenteritis. From 1992 to 1994, NLVs 

accounted for 27% of gastroenteritis outbreaks (Djuretic et al. 1996), rising to 43% for outbreaks during 1995–1996 

(Evans et al. 1998).  They are a major cause of outbreaks in institutions, such as nursing or residential homes for the 

elderly, schools and nurseries. 

 

A number of NLV infection outbreaks have been reported for which cross-contamination was implicated as the route of 

transmission. Following a wedding reception, an outbreak of NLV gastroenteritis affected 50% of guests (Patterson et al. 
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1997).  The previous day, a kitchen assistant had vomited in a sink that was subsequently used for preparing vegetables 

eaten by the wedding guests.  

 

The causal agent of recurrent outbreaks of gastroenteritis on a cruise ship was found to be NLV (Ho et al. 1989).  There 

had been at least 10 outbreaks of gastroenteritis aboard the ship in the previous 2 years.  Thorough inspections and 

cleaning of the ship between cruises had not been sufficient to stop the outbreaks.  The likely modes of transmission were 

person-to-person contact or surface contamination by aerosol droplets from infectious stool or vomitus in the communal 

bathrooms.  Although direct evidence is lacking, this and other outbreaks reported in cruise ships in which recurrent waves 

of infection occurred in successive cohorts of guests strongly suggests transmission of NLV via environmental sites and 

surfaces (Gellert et al. 1994, McEvoy et al. 1996). 

 

An outbreak of NLV gastroenteritis in an elderly care unit of a hospital spread rapidly within and between wards, affecting 

both patients and staff.  Analysis of risk exposure showed areas where patients had vomited to be the most significant factor 

for the spread of SRSV to staff (Chadwick and McCann 1994).  

 

Carpets can also harbour NLV serving as reservoirs of infection (Cheesbrough et al. 1997). Two carpet fitters became ill 

after removing a carpet from a hospital ward 13 days after the last case in rotavirus outbreak. Routine vacuuming every day 

since the outbreak had not removed the virus. During an outbreak of vomiting and diarrhoea due to NLV in a long stay ward 

for the mentally ill, thirty-six environmental samples were collected on the affected ward of which 11 (30%) were positive by 

RT-PCR. Positive swabs were from lockers, curtains and commodes and were confined to the immediate environment of the 

affected patients (Green et al. 1998). The importance of airborne transmission was demonstrated in a recent outbreak in a 

restaurant where no food source was detected but an analysis of the attack rate showed an inverse correlation with the 

distance from a person who had vomited (Marks et al. 2000). Most recently, the potential for environmental spread of NLVs 

was demonstrated in a prolonged hotel outbreak in successive cohorts of guests (Cheesbrough et al. 2000a).  

Environmental sampling demonstrated widespread dissemination of the virus on hand contact and other surfaces. From the 

patterns of infection it was concluded that although infectious aerosols were probably the main route of dissemination of 

infection within a particular cohort of guests, contact with contaminated fomites was the most likely factor responsible for 

maintaining the outbreak by forming the link between successive cohorts. 

 

Evans et al. (1998) assessed that rotavirus infections accounted for 3% of all reported foodborne outbreaks. Outside of the 

hospital environment rotavirus outbreaks are most usually reported for infants and young children in day-care centres 

(Keswick et al. 1983, Pickering et al. 1988).  Ekanem et al. (1983) concluded that contamination of hands and classroom 

objects plays a role in the transmission of diarrhoea in day-care centres. Astroviruses and enteric adenoviruses have been 

associated with gastroenteritis outbreaks in schools, paediatric hospital wards and nursing homes (LeBaron et al. 1990).  

Rotavirus shows a distinct winter peak. Low humidity and crowding indoors associated with winter may be important factors 

in the spread of this virus (Crowley et al. 1997). One-third of parents whose children are infected with rotavirus become ill. 

Thus, it is clear that transmission of rotavirus takes place in the home between family members. 
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A US study revealed that rotaviruses infected one or more members in 51% of families, including 28% of children and 13% 

of adults (Rodriguez et al. 1987).  Some adults acquired rotavirus infections a few days after their children’s illnesses, 

suggesting that the children rather than the parents brought infection into the home. Rodriguez et al. (1979) also found 

rotavirus infection in 55% of adult family contacts of children hospitalised with gastroenteritis.  In a community study in New 

Zealand, in families with an index case of rotavirus infection, children were more frequently infected than adults. Once a 

family member became infected there was a high probability of cross infection (Grimwood et al. 1983). 

 

Enteroviruses include coxsackieviruses, echoviruses and polioviruses. Spread is from     person to person by faecal–oral and 

possible oral–oral (respiratory spread) routes. Oral–oral transmission by way of contaminated hands of healthcare personnel and 

transmission by fomites have been documented on a chronic care paediatric ward. Children’s unhygienic habits facilitate the 

spread of enteroviruses, spreading from child to child and then among family groups (Cherry 1998b). 

 

 

 

5.2 Respiratory infect ions 

 

5.2.1 Respiratory infect ions of viral  origin 

Infections caused by influenza viruses, rhinoviruses, adenovirus, coronaviruses and respiratory syncytial viruses are a major 

health burden.  Estimates suggest that adults suffer 2 to 5 colds per year and infants have about 4 to 8 colds per year 

(Sperber 1994). Rhinoviruses are responsible for outbreaks of the common cold in the general community such as schools, 

day-care centres and hospitals (Denny et al. 1986, Krilov et al. 1986, Kellner et al. 1988).  

 

Family outbreaks of rhinovirus colds are a common occurrence.  Survival of rhinovirus on environmental surfaces at ambient 

temperatures has also been demonstrated by Sattar et al. (1993).  Hendley et al. (1973) showed that rhinoviruses could 

survive for several hours on the hands, and that self-inoculation by rubbing of the nasal mucosa or conjunctivae with virus-

contaminated hands could lead to infection in susceptible hosts.  

 

Other evidence of the role of hygiene in reducing the impact of colds and flu is summarised by Eccles (2000) and Goldmann 

(2000). 

 

 

Adenoviral infections account for 2–5% of total respiratory illnesses.  Respiratory viral illness in children due to adenoviruses is 

estimated to be from 2 to 24%. Close contact appears to be necessary for infection to spread from one person to another.  Illness 

spreads rapidly in closed environments. Transmission of the virus is by aerosolised droplets reaching the conjunctiva, nose or 

throat or by the faecal–oral route (Cherry 1998a). 
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Adenoviruses are implicated in 5–11% of upper respiratory tract infections, 4–10% of pharyngitis, 4–10% of pneumonia cases, 

2–10% bronchiolitis cases and 3–9% of croup cases in children (Cherry 1998a). Most lower respiratory tract infections (LRTI) 

due to adenoviruses are mild and indistinguishable from other viral respiratory infections.  Adenoviruses are a less frequent cause 

of LRTI in children than RSV or PIV, but can cause epidemics of severe LRTI in young children.  

 

In an Argentinean hospital where a viral pathogen was identified, adenovirus was isolated in 14.3% cases of children hospitalised 

with acute lower respiratory infection, the second most frequent cause after RSV (Videla et al. 1998). Adenoviruses were 

associated with pneumonia rather than bronchiolitis. Hong et al. (2001) recovered adenoviruses from 6% of nasal aspirate 

samples from children hospitalised in Korea due to LRTI. In developed countries, adenovirus frequency in LRTI in civilian 

populations is lower.  In Sweden, adenoviruses are responsible for 5% of LRTI in children under 4 years of age who require 

hospitalisation (Sharp and Wadell 1995).   In the USA, adenoviruses are the third most common viral agent (3%) after 

parainfluenza virus (17%) (Taussig et al. 1989). 

 

` Adenovirus-induced acute respiratory illnesses resurged among US civilian adults and military populations during the late 1990s 

due to unavailability of vaccines (Sanchez et al. 2001). Outbreaks have also been identified among children in day-care and 

elderly individuals and staff at chronic-care facilities (Singh-Naz et al. 1993, Ruuskanen et al. 1997) and staff patients at long-

term psychiatric facilities (Sanchez et al. 1997). 

 

 

 

5.2.2 Respiratory infect ions of bacterial  origin 

 

Investigations have shown that shower heads and hot water taps can produce aerosols containing low numbers of Legionella 

pneumophila during routine use (Bollin et al. 1985).  The aerosol particle size generated would be small enough to 

penetrate the lower human respiratory system.  L. pneumophila was also isolated from 30% of hot water distribution systems 

in apartment buildings in Finland (Zacheus and Martikainen 1994), the highest concentration being in the shower water.  

Therefore, these sites may be implicated as a means of transmission of the organism from potable water to individuals. 

 

Pseudomonas aeruginosa is an opportunistic pathogen which is widespread in the environment and is often isolated from 

soil, water, plants and some vegetables. Hospital acquired outbreaks have quite often been traced to specific reservoirs, such 

as sinks and also tap water (Piper et al. 1997, Ferroni et al. 1998). Evidence exists from the hospital setting that opportunist 

pathogens, such as Ps. aeruginosa can become established as the resident flora in toilets and other wet sites. An 

investigation in German hospitals revealed a correlation between strains of Ps. aeruginosa isolated from infected patients with 

cystic fibrosis (for whom Ps. aeruginosa is a high risk) and from environmental sites, such as sink U-tubes, toilets, cloths and 

other sites (Zimakoff et al. 1983, Doring et al. 1989, 1993, Doring 1993).  A similar infection risk may occur in the home 

where there is an “at risk” person.  Doring et al. (1991) demonstrated transfer of Ps. aeruginosa from contaminated hospital 

sinks to the hands during hand-washing.  Evidence of aerosol transfer of Ps. aeruginosa from hospital toilets was also 
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reported by Scott and Bloomfield (1985).  Denton, et al. (1998) studied the homes and hospital environments associated 

with 41 children with cystic fibrosis, a proportion of whom were colonised with Stenotrophomonas maltophilia, an organism 

which commonly infects such children. They reported widespread contamination with this organism in 36% of homes of 

colonised children and 42% of homes of non-colonised children, from sites which included dishcloths and sponges, washing 

up bowls, washing machines and a kitchen work surface.  They concluded that the high frequency of occurrence in this 

setting indicates the home as a setting for acquisition of this organism. 

 

5.3 Gram-posit ive bacter ia l  Infect ions 

 

Clusters of Group A streptococcal infections in family, hospital and nursing home settings have also been reported by 

Schwartz et al. (1992).  A very recent report (Sarangi and Rowsell 1995) of a nursing home outbreak of Group A 

streptococcal infection involved infected skin lesions among the residents.  One of three throat swabs from staff members 

complaining of a sore throat also yielded the same organism.  As some infected lesions had followed falls on the nursing 

home carpet, environmental samples were also taken which indicated widespread occurrence of the outbreak organism on 

the carpets and soft furnishings. In comparison there was no evidence of environmental contamination in a second “control” 

nursing home which was also sampled. Repeat environmental sampling after cleaning measures had been implemented 

showed decreased streptococcal contamination and no further cases of infection were reported among staff and residents. 

 

A recent investigation of the domestic environment occupied by a nurse known to be colonised with MRSA revealed 

contamination on door handles, a computer desk shelf and joystick (Masterton et al. 1995). Widespread MRSA 

contamination of soft furnishings in the home of a nurse has also been reported (Allen et al. 1997), and was only eradicated 

on discarding and replacement of some furniture and steam cleaning of all other soft furnishings. Topical and systemic anti-

staphylococcal treatment was only effective after MRSA had been eradicated from the domestic environment. 

 

Environmental mycobacteria are a new group of emerging pathogens. Infections with  Mycobacterium avium and M. 

fortuitum  have been linked to inadequately sanitised domestic  hot tubs  in both healthy and immunocompromised 

individuals (Mangione et al 2001, Aubuchon et al. 1986). A community-based outbreak of infection with M. fortuitum was 

associated with contamination of a foot-bath at a nail salon (Winthrop et al. 2002). 

 

5.4 Other v ira l  infect ions 

 

A recent outbreak of Hepatitis A virus (HAV) was associated with a public house whose barman had chronic diarrhoea and 

had served drinks while incubating hepatitis A himself (Sundkvist et al. 2000). Fomite transmission by contamination of 

glasses was the likely route of spread. 

 

Assessments of community outbreaks of HAV have shown that persons involved in nappy-changing in day-care centres also 

often handle food and that this a potential risk for transmission (Hadler and McFarland 1986).  HAV may be acquired from 
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children who are excreting HAV, the majority of whom are asymptomatic (Fox et al. 1974). A significant percentage (23–

52%) of susceptible household contacts of index cases with acute HAV infection are at risk of acquiring acute HAV infection 

from the index case (Minuk et al. 1994).  A higher rate of HAV infection among children (71–80%) compared with the 

parents (29%) suggests that play activity among children is a significant factor for HAV transmission in households. 

 

The presence of family members in the home who are either AIDS patients or HIV carriers has highlighted concerns 

regarding indirect transfer of viruses, such as hepatitis and HIV in the domestic situation. Although the risk of HIV 

transmission as a consequence of exposure of skin or mucous membrane to infected body fluids is probably not zero, it is 

significantly less than that associated with needlestick injuries.  A 1987 report described the cases of three healthcare 

workers who had eczema or dermatitis and who did not observe barrier precautions and were exposed to HIV infected 

blood without a sharps injury. All three subsequently became HIV positive (Anon 1992). 

 

 

5.5 Fungal infect ions 

Fungal contamination in homes and hospitals has been implicated as the cause of infections or an increase in the prevalence 

of infections.  The presence of the fungus Stachybotrys atra in a house in Chicago was implicated in an outbreak of 

unexplained illness among the occupants (Croft et al.1986). The symptoms of the illness only ceased following the removal 

of the fungus. 

 

Mould growth on a floor and underside of linoleum was the cause of more severe respiratory symptoms in patients returning 

home from hospital and they only recovered fully after treatment of the mouldy area (Fergusson et al. 1984). 

 

In Finland, visible mould was reported in 3.7% of homes, and 5.5% reported mould odour (Pirhonen et al. 1996).  

Increased prevalence of respiratory infections and respiratory symptoms was recorded in homes reporting dampness or 

mould.  

 

5.6. Protozoal infections  

A number of protozoal infections may be acquired in the home as a result of contamination of either food or water, contact 

with infected domestic pets and their excreta and person-to-person transmission. Protozoal infections are increasingly 

recognised as a cause of severe diarrhoeal illness in immunocompetent persons as well as immunocompromised individuals.  

 

Cryptosporidium infection is a common cause of diarrhoea and has been associated with sporadic and epidemic diarrhoea in 

child-care settings with evidence for secondary transmission to household and other close contacts (Cordell and Adiss 

1994, Newman et al 1994). Transmission from pets has also been recorded (Kumar and Smith 2000). Cryptosporidium 

oocysts have been shown to survive on soiled environmental surfaces  for at least 2 days (Anderson 1986). 
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Toxoplasmosis, caused by Toxoplasma gondii can cause severe illness in immunocompromised individuals and severe 

congenital conditions, including foetal and perinatal death. Toxoplasma oocytes can remain viable in the environment for 12 

months or more (Kumar & Smith 2000).  Felines act as one of the two hosts required to complete the Toxoplasma lifecycle 

and contact with fecally soiled cat litter in the domestic setting can lead to infection. Pregnant women are advised against 

handling soiled cat litter. 

Giardia lamblia is the most commonly reported intestinal protozoa in the U.S. with an asymptomatic carrier rate ranging 

from 3% to 20% and a reported prevalence in developing countries of 20%–30% (Smith 1997). The most common 

methods for transmission are waterborne and person-to-person. Children in day-care centres, their parents, and day-care 

centre employees are high-risk groups for acquiring G. lamblia via person-to-person routes of transmission. It can also be 

transmitted by domestic pets.  

 

6.  EVIDENCE THAT HYGIENE CAN PLAY A PART IN PREVENTING TRANSMISSION OF INFECTIONS 

 

In addition to statistics derived from surveillance data, significant evidence indicating the impact which good hygiene 

practice can have in the prevention of disease transmission in the community comes from case control studies in which the 

effects of the hygiene intervention procedures on infection rates were monitored.  In the following section such studies are 

reviewed.  All of these studies relate to day care and other community centres where the concentration of people and 

activity provides the most cost-effective setting for evaluating the impact of hygiene procedures. The opportunities for cross-

contamination and cross infection may occur less frequently in the home but it may be argued that since the ratio of homes 

to day-care centres is very large, the impact of home and community environments on the overall infection rates across a 

community may not be so dissimilar.  Although none of the investigations cited relate specifically to the home, a number of 

studies have demonstrated the transmission of disease from day-care centres to the home where it is transferred among 

family members (Morrow et al. 1991, Fornasini et al. 1992, Osterholm et al. 1992). 

 

For example, Clostridium difficile has been shown to occur in day-care centres and to be transferred to families.  Persons 

providing at-home care for ill children or the elderly adult have an additional personal hygiene need (Ahmed et al. 1993, 

Smith 1984).  It was determined that contamination with this organism was common in the environment of patients with this 

disease.  It was often found on floors, toilets, bedding, mops, scales, and furniture in areas where the patient had been 

present and was isolated from the hands and stools of asymptomatic hospital personnel. It was also found on surfaces in a 

patient’s home.  

 

In eight out of the intervention studies reported below the impact of hand hygiene alone was studied. In six of the studies 

hand-washing combined with environmental decontamination or other control measures was considered, while one study 

which relates to SRSV infection, highlighted only the importance of environmental disinfection. Since the studies involved 

the implementation of infection control programmes involving several steps, it is difficult to attribute the effectiveness of the 

hygiene procedures to one specific aspect because they were inherently multifaceted.  Indeed, as discussed by Huskins 
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(2000) the results do not prove that the various interventions had a direct effect in decreasing infection rates. It could be 

argued that the reduced rates were due to variations in individual susceptibility to infection or to a lower incidence of the 

pathogen among the case control groups.  Nevertheless, overall, there is strong circumstantial evidence to suggest that 

improved standards of hygiene can have a significant impact in reducing the rates of respiratory, intestinal and other viral 

infections in child-care facilities, domestic homes, hospitals and adult care centres and the transfer of infections between 

these communities. 

 

 

 

6.1 Studies of the impact of hand hygiene on infect ion transmission in closed communit ies 

 

6.1.1 Impact of hand-washing on infect ious intest ina l  d isease  

The effectiveness of hand-washing to prevent diarrhoea in day-care centres was demonstrated by Black et al. (1981). 

Following the initiation of a hand-washing programme in several day-care centres, the incidence of diarrhoea among children 

in the study was significantly and consistently lower (approximately half) than the incidence in the two control centres over 

the 35-week study period.  

 

An outbreak of Shigella infections involving 14 day-care centres was reported in Kentucky in 1991 (Mohle-Boetani et al. 

1995, CDC 1992).  It was found that the day-care centres with outbreaks were more likely to have a food handler who 

changed diapers than the centres with no cases of infection.  The outbreak abated 3 weeks after initiation of intervention, 

and the authors suggest that community involvement in increasing hand-washing most likely resulted in control of the 

shigellosis outbreak. 

 

Kilgore et al. (1996) studied the prevalence of neonatal rotavirus infection in Bangladesh. They found an increased risk for 

neonatal rotavirus infection among infants whose mothers reported no hand-washing during care of the neonate. 

 

There are no specific reported studies on hand-washing in the domestic setting although a few studies which evaluated 

transmission within child day-care centres also report on transfer back to the domestic family (Fornasini et al. 1992, 

Osterholm et al. 1992). 

 

6.1.2 Impact of hand-washing on respiratory infect ions 

Carter et al. (1980) demonstrated that families who used an iodine-base hand disinfectant, known to kill rhinoviruses, had 

lower rates of infection than families using an inactive hand wash. To decrease respiratory infections in senior day-care 

centres, staff were educated on viral transmission and the value of hand-washing (Falsey et al. 1999).  In the intervention 

year, the infection rate among those attending the centres was significantly lower than in the previous 3 years, with an 

almost 50% decrease in the infection rate. 
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In a study carried out during the cold and flu season at two day-care centres, fewer colds were reported in the test group of 

3-5 year olds, using proper and frequent hand-washing techniques, than in the control group.  In the test centre the 

proportion of colds remained fairly constant at 18.9% while in the control group the proportion of colds increased from 

12.7% to 27.8% (Niffenegger 1997). 

 

Roberts et al. (2000a) carried a randomised controlled-trial of the effect of infection control measures on the frequency of 

upper respiratory infection in child-care.  The intervention measures were training of child-care staff about transmission of 

infection, hand-washing and aseptic nose-wiping technique. When compliance with infection control practice was high, the 

incidence of colds was reduced by 17%.  A similar study by these workers also examined the effects of infection control 

measures on the frequency of diarrhoeal episodes in child-care using a randomised, controlled trial (Roberts et al. 2000b).  

They found that for centres in which children’s compliance with hand-washing was high, diarrhoeal episodes were reduced 

by 66%.  In the US, an outbreak of aseptic meningitis due to echovirus 30 was reported among parents with children 

attending a child-care centre. It was found that more frequent hand-washing among the teachers compared with the parents 

of young children was associated with significantly lower rates in infection (Helfand et al.1994).  

 

6.2 Studies of the impact of a combination of hand and other hygiene measures on infection rates in community settings 

 

6 .2.1 Impact of combined hygiene measures on infect ious intest inal  disease 

 

A randomised, controlled trial of an education intervention to reduce diarrhoea through improved personal and domestic 

hygiene behaviours was carried out in rural Zaire (Haggerty et al. 1994).  Intervention messages addressed disposal of 

animal faeces from the yard, hand-washing (after defecation and before meal preparation and eating) and disposal of 

children’s faeces.  Children at intervention sites experienced an 11% lower risk of diarrhoea compared with children at 

control sites. 

 

In a study of person-to-person transmission in an outbreak of enteroinvasive Escherichia coli at a school for mentally 

retarded adults and children in Missouri, the researchers stated that control measures to interrupt the transmission of E. coli 

included separation of symptomatic or culture positive students from those who were emphasising hand-washing and were 

healthy (Harris et al. 1985). 

 

Bartlett et al. (1988) studied diarrhoea illness among day-care children. Ten randomly selected intervention centres received 

staff training in procedures to reduce diarrhoea transmission and follow up surveillance.  Eleven other day-care centres were 

also followed.  The twenty-one centres had higher rates of diarrhoea disease than children in home care, but significantly 

lower rates than centres not in surveillance. 
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Following implementation of a hygiene intervention programme that included hand-washing education, use of gloves, 

disposable nappy pads, and an alcohol-based hand rinse the incidence of enteric illness was lowered in intervention child 

day-care homes as compared with control homes (Butz et al. 1990). 

 

Gastrointestinal diseases are a major health problem in primary schools in the UK.  Researchers investigated the presence of 

faecal indicator bacteria on children’s hands and environmental surfaces (Kaltenthaler et al. 1995).  Those children with 

good hygiene/hand-washing knowledge had less faecal contamination on their hands, and the schools with higher hand 

counts were more likely to have had a reported outbreak of gastro-enteritis in the past. 

 

In a pre-school day-care centre, respiratory and gastrointestinal infections decreased following implementation of measures 

which included reinforcing existing hand-washing procedures and education of staff and families on hygiene behaviour 

including environmental surface cleaning and disinfection, and disinfection of toys (Krilov et al. 1996). 

 

Uhari and Mottonen (1999) evaluated an infection prevention programme for reducing the transmission of infections in 

child day-care centres. It was evident that most of the infections that did occur were viral.  The programme included 

increased hand-washing, cleaning of the day-care centres and regular washing of toys.  Both the children and staff had 

significantly fewer infections that those in control centres.   

 

Contamination of the environment may be considerable during an outbreak of SRSV. Following outbreaks of viral 

gastroenteritis on consecutive cruises, a ship was cleared and disinfected at the end of the fourth cruise in order to interrupt 

transmission of SRSV (McEvoy et al. 1996).  Fewer than ten cases presented in each of the fifth and sixth cruises compared 

with 195 cases during the fourth cruise.  Control measures included cleaning and disinfection of cabins, crew and staff 

quarters and communal bathrooms and steam cleaning of soft furnishings. Hygiene measures were also introduced into the 

kitchen.  The contamination of soft furnishing in areas where individuals have vomited presents a difficult cleaning problem 

and steam cleaning has been recommended by McEvoy et al. (1996).  

 

During a hospital gastroenteritis outbreak caused by SRSV, the attack rate among patients decreased in several wards 

following the implementation of environmental hygiene procedures (Chadwick and McCann 1994).  Infection control 

measures implemented included cleaning and chemical disinfection (ward floors, toilet areas, toilet seats, taps and spillages 

of vomit and faeces) to reduce environmental contamination. Hypochlorite solution (1%) was used for disinfecting places 

contaminated with vomit or faeces and 0.1% hypochlorite for general disinfection of ward floors and toilets areas. 

 

6 .2.2 Impact of combined hygiene measures on respiratory infect ions 

Isaacs et al. (1991) reported a seven-fold reduction in the incidence of RSV in a hospital when patients and staff were 

educated about the importance of hand-washing and infected babies were segregated. Before intervention 4.2% of children 

under  

2 years old developed nosocomial RSV, while after intervention only 0.6% developed infection.  
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St. Sauver et al. (1998) studied hygienic practices and the prevalence of respiratory illness in children attending day care 

homes.  Never or rarely washing hands by both children and care-givers was associated with a higher frequency of 

respiratory illness in both family and group day-care homes.  Using shared cloth towels rather than individual paper towels 

and washing of sleeping mats less than once a week were also associated with a higher frequency of upper respiratory 

infection.  

 

The introduction of a comprehensive and sustained infection control programme in a long term residential care home for the 

elderly was found to have an impact in reducing respiratory, but not enteric, infections in the elderly residents (Makris et al. 

2000). 

 

7 .  CONCLUSIONS 

 

Overall, this review shows that pathogens can be shed or dispersed in significant numbers and can survive for long periods 

on hands and other surfaces, or fomites, commonly found in many environments.  For viruses, for example, faeces can 

contain up to 1012 virus particles per gram (although not all viable), and vomit up to 107/ml so the potential for hand and 

environmental contamination is considerable. Pathogen transfer from surfaces to hands, fingers and food has been 

demonstrated.  Other studies have shown a high rate of spread once infection is introduced into a family home or 

institution.  Improved hand-washing and surface hygiene procedures have been shown to interrupt the transmission of viral 

infections via hands, surfaces or fomites.   

 

The importance of hands in the transmission of infections is well recognised, and many of the studies cited in this review 

relate specifically to hand-washing interventions.  Increasingly, however, there is evidence that cross-contamination via 

surfaces is a significant contributory factor. For many surfaces, hand contact with contaminated surfaces is likely to be the 

cause of such cross-contamination.  Sattar and Springthorpe (1999) and Lieberman (1994) emphasise that, if hygiene 

programmes are to be effective, hand hygiene education must be integrated with education about the importance of surface 

and air hygiene in preventing infection transmission.  

 

In their review of the evidence for a causal link between hygiene and infections, Aiello and Larson (2002) found that the 

strength of the association as measured by a relative reduction in the risk of illness was generally greater than 20%. 

However, it should be noted that this review included studies from both developed and developing countries and that the 

developing countries carry a greater burden of morbidity and mortality from infectious illnesses. Clearly, the greater the 

incidence of infection in a community, the greater the potential for reducing infection through measures such as improved 

hygiene practice.  

 

To motivate changes in attitude to hygiene it will be necessary to gain acceptance that homes and other community settings 

will always contain potentially harmful microbes and that good hygiene is not about eradication but about targeting the 
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correct measures at the times that matter, in order to reduce infection risks. Individuals  who are vulnerable due to the fact 

that they are immunocompromised may be more susceptible to opportunistic pathogens than healthy individuals. In such 

situations, additional efforts may be required to reduce the potential impact of opportunistic pathogens in the home 

environment. These requirements are addressed in the IFH on-line Hygiene Procedures publication. There is a need for 

wider understanding of the potential for contaminated surfaces to act as unidentified sources of pathogens in the re-

contamination of hands during the infection transmission cycle. The epidemiological evidence to date shows that raising 

awareness about the importance of key procedures, such as through hand-washing and surface hygiene (particularly hand 

and food contact surfaces) will have a considerable impact in the control and prevention of infectious organisms. At the 

same time, it is essential to ensure that improvements to domestic hygiene do not produce secondary problems such as 

chemical pollution and antimicrobial resistance. A targeted approach to hygiene that minimises these risks is fully described 

in the IFH Hygiene Procedures publication. 
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