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ABSTRACT 

 
Nosocomial infections (NIs), also called hospital-acquired infections are infections acquired during hospital care which are not present 

or incubating at admission. Nosocomial infections remain a major global concern in all countries. Microorganisms are present in great 

numbers in hospital environment. Both infected persons and persons at increased risk of infection congregate in the hospitals. The 
subject of this study was to survey effective sources of nosocomial infections in hospitalized patients. Papers related to the importance 

of staff hands and hospital surfaces in transmission of bacteria in hospital were extracted from pubmed, elsevier science and yahoo 

from 1995 to 2011. For this study key words which were search included hospital surfaces, staff hand, transmission bacteria and 
nosocomial infection. Staff hands and hospital surfaces have important role in spread and transmission of bacteria in hospital. There is 

a consensus that the control Bacterial population in these sources, lead to the control of spread and transfer bacteria and so nosocomial 

infections in hospital. 
Hospital surfaces can serve as reservoirs of pathogenic bacteria such Staphylococcus aureus, Salmonella, Clostridium perfringens, 

Campylobacter, Listeria monocytogenes, Vibrio parahaemolyticus, Bacillus cereus and Escherichia coli and have important role in 

infection chain. Bacteria on hospital surfaces have low potential to spread. Staff hands have very contact with hospital surfaces and are 
more sources to transmission Bacteria in hospital. Increased Sanitation Staff hands and hospital surfaces has been considered to be the 

most important tool in control of transmission bacteria in hospital. 
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INTRODUCTION 

 

Nosocomial infections occur worldwide and affect both developed and resource-poor countries. Infections 

acquired in health care settings are among the major causes of death and increased morbidity among hospitalized 

patients. They are a significant burden both for the patient and for public health. A prevalence survey conducted 

under the auspices of WHO in 55 hospitals of 14 countries representing 4 WHO Regions (Europe, Eastern 

Mediterranean, South-East Asia and Western Pacific) showed an average of 8.7% of hospital patients had 

nosocomial infections. At any time, over 1.4 million people worldwide suffer from infectious complications 

acquired in hospital (Ducel et al., 2002; Johnson, 2006; Kampf  and Kramer, 2004). The highest frequencies of 

nosocomial infections were reported from hospitals in the Eastern Mediterranean and South-East Asia Regions (11.8 

and 10.0% respectively), with a prevalence of 7.7 and 9.0% respectively in the European and Western Pacific 

Regions  (Ducel et al., 2002; Johnson, 2006; Kampf  and Kramer, 2004; Raymond and Aujard, 2000; Stone et al., 

2002).  

In this review effective sources of Nosocomial infections have been investigated in the published literature. 

Related papers of importance of staff hands and hospital surfaces in transmission Bacteria in hospital were extracted 

from pubmed, elsevier science and yahoo from 1995 to 2011. For this study key words which were searched 

included hospital surfaces, staff hand, transmission Bacteria and nosocomial infection. 

The health-care environment contains a diverse population of microorganisms. Microorganisms are present in 

great numbers in moist, organic environments, but some also can persist under dry conditions. Environmental source 

or means of transmission of infectious agents, the presence of the pathogen does not establish its causal role; its 

transmission from source to host could be through indirect means, e.g., via hand transferal (jalalpoor et al., 2009a,b; 

Boyce and Pittet, 2002; Ducel et al., 2002; Kampf  and Kramer, 2004). 

The surface of the hospital has been considered one of a number of potential reservoirs for the pathogen, but not 

the de facto source of exposure. An understanding of how infection occurs after exposure, is also important in 

evaluating the contribution of the environment to health-care–associated disease. All of the components of the chain 

must be operational for infection to occur:  

1) Adequate number of pathogenic organisms (dose);  2) Pathogenic organisms of sufficient virulence;  3) A 

susceptible host;  4) An appropriate mode of transmission or transferal of the organism in sufficient number from 

source to host; 5) The correct portal of entry into the host (Sehulster and Raymond, 2003). Although 
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microbiologically contaminated surfaces can serve as reservoirs of potential pathogens, these surfaces generally are 

not directly associated with transmission of infections to either staff or patients (Sehulster and Raymond, 2003). The 

transferral of microorganisms from environmental surfaces to patients is largely via staff hands contact with the 

surface (Jalalpoor et al., 2009a,b; Sehulster and Raymond, 2003). 

Normal human skin is colonized by various bacteria; different areas of the body have varied total aerobic 

bacterial counts (e.g., 1 x 10
6
 colony forming units (CFUs)/cm

2
 on the scalp, 5 x 10

5
 CFUs/cm

2
 in the axilla, 4 x 10

4
 

CFUs/cm
2
 on the abdomen, and 1 x 10

4
 CFUs/cm

2
 on the forearm). Total bacterial counts on the hands of a medical 

personnel have ranged from 3.9 x 10
4
 to 4.6 x 10

6
. In 1938, bacteria recovered from the hands were divided into two 

categories: transient and resident (Boyce and Pittet, 2002; Kampf and Kramer, 2004). Transient flora, which 

colonize the superficial layers of the skin, are more amenable to removal by outine handwashing (Boyce and Pittet, 

2002; Kampf and Kramer, 2004). They are often acquired by HCWs during direct contact with patients or contact 

with contaminated environmental surfaces within close proximity of the patient. Transient flora are the organisms 

most frequently associated with health-care–associated infections. Resident flora, which are attached to deeper 

layers of the skin, are more resistant to removal. In addition, resident flora (e.g., coagulase-negative staphylococci 

and diphtheroids) are less likely to be associated with such infections. The hands of Health Care Workers (HCWs) 

may become persistently colonized with pathogenic flora (e.g., S. aureus), gramnegative bacilli, or yeast. 

Investigators have documented that, although the number of transient and resident flora varies considerably from 

person to person, it is often relatively constant for any specific person (Boyce and Pittet, 2002; Kampf and Kramer, 

2004). 

S. aureus, Escherichia coli and spore forming Bacteria are the common bacteria causing nosocomial infections 

in hospital and community. 

S. aureus is the most common gram-positive bacterium causing nosocomial Infections (NIs) (Kampf
 
 and 

Kramer, 2004; Steinbrecher et al., 2000). Methicillin resistance
 
is increasing in S. aureus (MRSA) worldwide, 

leading not only to NIs but recently also to community-acquired
 
infection, colonization of health care workers' hands 

with S. aureus has
 
been described to range between 10.5 and 78.3% . Up

 
to 24,000,000 cells can be found per hand, 

the colonization
 
rate with S. aureus was higher among doctors (36%) than among

 
nurses (18%), as was the bacterial 

density of S. aureus on the
 
hands (21 and 5%, respectively, with more than 1,000 CFU per

 
hand) (Kampf

 
 and 

Kramer, 2004). The carrier rate may be up to 28% if the health
 
care worker contacts patients with an atopic 

dermatitis which
 
is colonized by S. aureus and MRSA has been isolated

 
from the hands of c. 16.9% of health care 

workers. VRE can
 
be found on the hands of up to 41% of health care workers .Hand carriage of pathogens such as S. 

aureus, MRSA, or S. epidermidis
 
has repeatedly been associated with different types of NI (Kampf

 
 and Kramer, 

2004). The analysis of outbreaks revealed that dermatitis
 
on the hands of health care workers was a risk factor for 

colonization
 
or for inadequate hand hygiene, resulting in various types of

 
NI. Transmissibility of VRE has also been 

demonstrated. The hands
 
and gloves of 44 health care workers were sampled after care

 
of VRE-positive patients. 

Gloves were VRE positive for 17 of
 
44 healthcare workers, and hands were positive for 5 of 44,

 
even though they 

had worn gloves (Kampf
 
 and Kramer, 2004). One health care worker

 
was even VRE positive on the hands although 

the culture from
 
the glove was negative (Kampf

 
 and Kramer, 2004). S. aureus can survive on hands for at least 150 

min; VRE survives
 
on hands or gloves for up to 60 min. On inanimate

 
surfaces, S. aureus and MRSA may survive 

for 7 months, with
 
wild strains surviving longer than laboratory strains. VRE may survive on surfaces for 4 months. 

The long survival
 
on surfaces, together with the relatively short survival on

 
hands, suggests that contaminated 

surfaces may well be the source
 
of transient colonization despite negative hand cultures

 
(Kampf and Kramer, 2004). 

Escherichia coli is the most common gram-negative bacterium,
 
causing mainly NIs (Kim et al., 2000). Overall, 

gram-negative bacteria are found in up to
 
64% of all NIs, colonization rates of gram-negative bacteria on the hands 

of
 
health care workers have been described as ranging from 21 to

 
86.1% . with the highest rate being found in ICUs .

 

The number of gram-negative bacteria per hand may be as large
 
as 13,000,000 cells (Kampf and Kramer, 2004). 

The colonization may be long-lasting,
 
even in nursing homes, a rate of 76% has been described

 
for nurses 

hands, colonization with gram-negative bacteria
 
is influenced by various factors. For example, it is higher

 
before 

patient contact than after the work shift, hands
 
with artificial fingernails harbor gram-negative bacteria more

 
often 

than those without (Kampf and Kramer, 2004; Hedderwick et al., 2000). Higher colonization rates with
 
gram-

negative bacteria also occur during periods of higher ambient
 
temperature and high air humidity, transient hand 

carriage of various gram-negative bacterial species
 
has quite often been suspected to be responsible for cross-

transmission
 
during outbreaks resulting in various types of NI (Kampf and Kramer, 2004; Ganeswire et al., 2003). 

Most gram-negative bacteria survive on the hands for 1 h or
 
more. Survival on inanimate surfaces has been reported 

to be
 
different for the different gram-negative species, with most

 
of them surviving for many months . In general, 

gram-negative
 
bacteria survive for longer on inanimate surfaces than on human

 
skin (Kampf and Kramer, 2004). The 

main spore-forming bacterium causing NIs is Clostridium
 
difficile. It is estimated that between 15 and 55% of all 
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cases
 
of nosocomial antibiotic-associated diarrhea are caused by C.

 
difficile (Barbut and Petit, 2001; Miller et al., 

2002). Patients with diarrhea caused
 
by C. difficile have on average 3.6 additional hospital days

 
attributable to the 

NI, The overall
 
mortality is 15% (Morris et al., 2002). Extraintestinal manifestations are very

 
uncommon (1%). 

Patients can be contaminated from, for
 
instance, the hands of hospital personnel and from inanimate

 
surfaces (Barbut 

and Petit, 2001). 

In one study, the hands of 59% of 35 health care workers were
 
C. difficile positive after direct contact with 

culture-positive
 
patients. Colonization was found mainly in the subungual area

 
(43%), on the fingertips (37%), on 

the palm (37%), and under
 
rings (20%) (Kampf and Kramer, 2004). In another study, 14% of 73 health care workers

 

were culture positive for C. difficile on their hands. The presence
 
of C. difficile on the hands correlated with the 

density of
 
environmental contamination (Kampf and Kramer, 2004). During a third outbreak,

 
caused by Bacillus 

cereus in a neonatal ICU, 11 (37%) of 30
 
fingerprints from health care workers were positive for Bacillus

 
spp. (Van 

der Zwet et al., 2000). Transmission of C. difficile in an endemic setting on a general
 
medical ward has been shown 

to occur in 21% of patients, with
 
37% of them suffering from diarrhea, another

 
spore-forming bacterium has been 

described as well: B. cereus
 
was transmitted to the umbilicus in 49% of newborns on a maternity

 
ward; the hands of 

15% of the health care workers were found
 
to be culture positive (Kampf and Kramer, 2004). Vegetative cells of C. 

difficile can survive for at least 24
 
h on inanimate surfaces, and spores survive for up to 5 months

 
(Boyce and Pittet, 

2002; Kampf and Kramer, 2004). 

Prevention of nosocomial infections is the responsibility of all individuals and services providing health care. 

Everyone must work cooperatively to reduce the risk of infection for patients and staff. This includes personnel 

providing direct patient care, management, physical plant, provision of materials and products, and training of health 

workers. Infection control programmes are effective provided they are comprehensive and include surveillance and 

prevention activities, as well as staff training. There must also be effective support at the national and regional levels 

(Jalalpoor et al., 2007; Madani et al., 2009; Mielke, 2010; Rosenthal et al., 2010a,b; Sehulster et al., 2003).The 

major preventive effort should be focused in hospitals and other health care facilities. Risk prevention for patients 

and staff is a concern of everyone in the facility, and must be supported at the level of senior administration. A 

yearly work plan to assess and promote good health care, appropriate isolation, sterilization, and other practices, 

staff training, and epidemiological surveillance should be developed. Hospitals must provide sufficient resources to 

support this programme (Jalalpoor et al., 2007; Madani et al., 2009; Mielke, 2010; Rosenthal et al., 2010a,b;  

Sehulster et al., 2003). 

 

Conclusion 

Nosocomial infections remain a major global concern. Overall national prevalence rates have been described as 

ranging between 3.5 and 9.9%. They lead to additional days of treatment, increase the risk of death and increase 

treatment costs. Staff hands and hospital surfaces have important role in NIs (Astagneau et al., 2001; Garcia et al., 

2001; Madani et al., 2009; Mielke, 2010; Orsi et al., 2002, Sehulster et al., 2003). 

Bacteria on hospital surfaces have low potential to spread. Staff hands have very contact with hospital surfaces 

and are more sources to transmission Bacteria into hospital. Increase Staff Hand and hospital surfaces hygiene has 

been considered the most important tool
 
in control of transmission Bacteria (Jalalpoor et al., 2007; Madani et al., 

2009; Mielke, 2010; Rosenthal et al., 2010a,b; Sehulster et al., 2003). 

The studies have shown high frequency of resistance strain isolated from staff hands, Hospital surfaces and 

nosocomial infection (Jalalpoor et al., 2009b,c,e; 2010b,c,e; 2011). 

According previously result frequency of Surface layer in B.cereus  st. isolated of staff hand were 84/6% and 

frequency of Surface layer in B.cereus  st. isolated of hospital surfaces were 7/7%. According to antibiogram results, 

surface layer non producer strain, in comparative Surface layer producer strain, were more sensitive to antibiotics 

(Jalalpoor et al., 2009a; 2009d; 2010a; 2010d). 

 The studies indicated that Staphylococcus spp. 28 (35%), Bacillus spp. 48 (60%) Enterobacteriaceae 4 (5%) 

consist of isolated bacteria from staff hands and according result of acidometric test in isolated bacteria from staff 

hands 61.9% of strains produce β–lactamase, respectively was in Staphylococcus spp., Bacillus spp. and 

Enterobacteriaceae 71%, 64.72% and 50% (Jalalpoor et al., 2009b, 2010e, 2011). So Based on similar previously 

study result, Staphylococcus spp. 54.7%, Bacillus spp. 25%,  Enterobacteriaceae 10.7%, other gram negative 

bacteria 4.15%, Pseudomonas spp. 3.6%, Streptococcus spp. 1.85% consist of isolated bacteria from hospital 

surfaces and according result of acidometric test 77.94% of this strains produce β–lactamase, respectively was in 

Staphylococcus spp., Bacillus spp. and Enterobacteriaceae 82.7%, 68.4% and 80.35% (Jalalpoor et al., 2010c,e, 

2011). 

Approximately one third of nosocomial infections are preventable. Cleaning is the necessary first step of any 

sterilization or disinfection process. Cleaning is removing organic matter, salts, and visible soils, all of which 



SHILA JALALPOOR AND A.G. EBADI 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 8 (4): 631-636, 2011. 

634 

interfere with microbial inactivation (Jalalpoor et al., 2007; Madani et al., 2009; Mielke, 2010; Rosenthal et al., 

2010a,b; Sehulster et al., 2003). 

Hand washing frequently is called the single most important measure to reduce the risks of transmitting 

microorganisms from one person to another or from one site to another on the same patient. Although hand hygiene 

is important to minimize the impact of this transfer, cleaning and disinfecting environmental surfaces as appropriate 

is fundamental in reducing their potential contribution to the incidence of healthcare-associated infections (Jalalpoor 

et al., 2007, Madani et al., 2009; Mielke, 2010; Rosenthal et al., 2010a,b; Sehulster et al., 2003). 

The importance of hands in the transmission of hospital infections has been well demonstrated and can be 

minimized with appropriate hand hygiene .Compliance with hand washing, however, is frequently suboptimal. This 

is due to a variety of reasons, including: lack of appropriate accessible equipment, high staff-to-patient ratios, 

allergies to hand washing products, insufficient knowledge of staff about risks and procedures, too long a duration 

recommended for washing, and the time required (Jalalpoor et al., 2007; Madani et al., 2009; Mielke, 2010; 

Rosenthal et al., 2010a,b; Sehulster et al., 2003). 

To minimize the transmission of microorganisms from equipment and the environment, adequate methods for 

cleaning, disinfecting and sterilizing must be in place. Written policies and procedures which are updated on a 

regular basis must be developed for each facility (Jalalpoor et al., 2007; Madani et al., 2009; Mielke, 2010; 

Rosenthal et al., 2010a,b; Sehulster et al., 2003). 
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