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The majority of individuals use an infant pacifier (IP) at some 
point during their early childhood.  The debate as to the pros and 
cons of IP use is ongoing.  Anecdotal evidence would indicate that 
sanitization  of used IP vary widely.  The goal of the present study 
was to evaluate the level of bacterial contamination of used IP.  
Ten used de-identified IP were collected from infants at a well-
baby clinic.  Bacteria were cultured from both the nipple and the 
shield areas. The level of contamination was determined by using 
a serial dilution procedure (expressed in colony forming 
units/gram = CFU/g).  Seven unused IP served as controls. The 
bacterial isolates were speciated using standard laboratory 
procedures.  The results showed marked variations in the level of 
contamination, with half of the IP being lightly contaminated and 
the other half heavily contaminated.  The most heavily 
contaminated IP yielded two species of gram negative bacilli.  The 
second most contaminated IP was populated with gram positive 
cocci.  These results show that the sanitary condition of used IP 
vary widely and may negatively affect the systemic health of the 
user. 

Archaeological evidence suggests that IP have been used since 
the Neolithic period.1 Modern IP were developed at the turn of 
the 20th Century.2  It has been estimated that in western 
countries, 75% – 85% of infants use IP for some period during 
their infancy/childhood.  Sexton and Natale reviewed the 
positive benefits of IP use and found an analgesic effect, a 
shortening of the hospital stay, and a possible prevention of  
sudden infant death syndrome.  They also compared the 
benefits of IP use to problems, such as complications with 
breastfeeding, a negative impact on dental health, and 
microbial contaminations that might lead to infection.3  While 
no direct connections between infectious diseases and IP use 
was demonstrated, there was a positive correlation between IP 
use and increased incidence of colic and otitis media.4  The 
purposes of the present study were to isolate, quantitate, and 
identify the bacteria from used IP.  

IP: Ten used, de-identified IP were collected from well-babies at 
a pediatric clinic.  Each IP was placed in a sterile plastic zip-lock 
bag and immediately transported to the Forensic 
Pathology/Microbiology Laboratory, OSU-CHS for processing. 
Seven new IP were used as controls. 
Microbial sampling:  Each IP was given a unique specimen 
number, photographed, and weighed.  The nipple and shield 
sections were aseptically separated.  
Colony forming units (CFU/g) Determinations:  Portions of 
either the nipple or shield were sterilely minced into small 
pieces (≈0.5cm2).  One gram (1.0 g) of the resultant material was 
placed in 10 ml of sterile water and vortexed for 1 minute.  The 
CFU/g were determined by the method of Miles & Misra.5   Each 
sample was diluted through a series of six 1:10 dilutions; plated 
in triplicate on a blood agar plate; and incubated at 37°C and 
read at 24 and 48 hours. (Fig. 1).  
Identification of microorganisms:   Pure cultures of each 
colonial type appearing on any plate were made using standard 
laboratory procedures. The final identification of all 
microorganisms was based on cellular morphology, gram 
staining, and biochemical testing6. BioMerieux Vitek api® 
systems were used to confirm identification of the 
microorganisms wherever possible.  
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The results of the present study demonstrated that used IP are 
contaminated with a wide variety of bacteria.  Many of these 
bacteria, including S. aureus (50%), are associated with clinical 
infectious disease. Rovers et al found that used IP are associated with 
a higher risk of acute otitis media.7  Sexton and Natale have 
implicated IP in several gastrointestinal conditions such as colic (40% 
of children).3  Other clinicians have found colic in 15 -30% of infants 
in the first 3 months of life and have related this to alterations in the 
intestinal microflora as a possible etiology for colic.8  Unsanitary IP 
may be the source of the microorganisms and/or their metabolic 
products. All bacteria have “signature” molecules, either cellular 
structural components or toxins, termed pathogen-associated 
molecular patterns (PAMPs). These patterns are recognized by the 
human innate immune system.9 The response of the host’s immune 
system to PAMPs is based on their binding to the host’s Toll-like 
receptors (TLRs).  Gram negative bacteria produce 
lipopolysaccharides (LPS), powerful modulators of the human 
immune system through interaction with the human host’s Toll-Like 
receptor-4 (TLR-4).10  Different species and strains within these 
species produce LPS with diverse chemical structures that affect the 
immune system in various ways. Erridge et al. proposed a mechanism 
whereby LPS in saliva can get into the human circulation system and 
results in low grade systemic inflammation.11 This low grade systemic 
inflammation may potentiate the risk of developing atherosclerosis 
and metabolic syndrome with related obesity and type II diabetes.12 
Similar inappropriate interactions between species of LPS and TLR-4 
may lead to allergies13, asthma14, and autoimmune diseases.15  For 
example, IP-003 was very heavily contaminated with gram negative 
bacteria containing LPS.  By sucking on the pacifier, the infant was 
exposed to high concentrations of LPS that may ultimately result in 
obesity and diabetes in its future.  This is a new area of study that 
needs to be investigated further to evaluate the potential of 
unsanitary pacifiers  to cause non-infectious systemic disease 
processes.  
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IP-001 
CFU/g 

Nipple                 Shield 
<1 X 101                1 X 104 

IP-002 
CFU/g 

Nipple               Shield 
<1 X 101                    <1 X 101  

IP-003 
CFU/g 

Nipple          Shield 
3 X 106                    <1 X 101  

IP-004 
CFU/g 

Nipple             Shield 
3 X 104                   2 X 106  

IP-005 
CFU/g 

Nipple            Shield 
3 X 104                   2 X 106  

IP-006 
CFU/g 

Nipple            Shield 
< 1 X 101                   < 1 X 101  

IP-007 
CFU/g 

Nipple            Shield 
< 1 X 101            < 1X 101   

IP-008 
CFU/g 

Nipple            Shield 
< 1 X 101             <1 X 101     

IP-009 
CFU/g 

Nipple              Shield 
   1 X 104            2 X 103   

IP-010 
CFU/g 

Nipple                  Shield 
  3 X 104                   2 X 106  

Table 2.  Comparison of the 2 most contaminated IP.  Note that IP-

003 also had levels of gram positive cocci similar to IP-004. 

Species Gram morphology CFU/g 

 

 

 

IP-003 

Chryseobacterium indologenes negative bacilli 7.0 X 106 

Klebsiella pneumoniae negative bacilli 1.3 X 106 

Micrococcus spp.* positive cocci 4.2 X 106 

Enterococcus spp.* positive cocci 1.6 X 105 

Staphylococcus spp.* positive cocci 3.0 X 104 

Enterococcus gallinarum positive cocci < 1 X 103 

 

 

IP-004 

Staphylococcus chromogenes positive cocci 1.3 X 106 

Staphylococcus xylosus positive cocci 5.0 X 104 

Staphylococcus spp.* positive cocci 3.0 X 104 

Staphylococcus aureus positive cocci 2.0 X 104 

Kocuria varians positive cocci 1.3 X 103 

Enterococcus gallinarum positive cocci 7.0 X 102 

*identified by Biomerieux only to the genus level. 
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Fig. 1.  Serial dilution cultures with decreasing 
concentration on a clockwise direction (CFU/g). 

102 

103  

104  105  

106  

107  

RESULTS 

The bacterial loads of 10 used IP were expressed in CFU/g. Five of 
the used IP were lightly contaminated, while the other 5 IP were 
heavily contaminated with levels reaching 107 CFU/g. Forty 
different species of bacteria were isolated from the 10 IP to 
include: 17 gram positive cocci; 8 gram positive bacilli; 14 gram 
negative bacilli; and 1 gram negative cocci.  Five of the IPs were 
positive for Staphylococcus aureus.  As an example of the microbial 
diversity, IP-003 had both gram negative bacilli and gram positive 
cocci, while IP-004 was contaminated only with gram positive cocci 
(Table 2). All controls had <101 CFU/g. 

IP Site Gram positive Gram negative 

Cocci Rods Cocci Rods Totals 

Nipple 

(% of total) 

25 

 (28%) 

12 

(13%) 

2 

(2%) 

12 

(13%) 

51 

(57%) 

Shield 

(% of total) 

22 

(25%) 

8 

(9%) 

0 

(0%) 

8 

(9%) 

38 

(43%) 

Total   

(% of total) 

47 

(54%) 

20 

(22%) 

2 

(2%) 

20 

(22%) 

89 

(100%) 

Table 1:  Characterization of microorganisms isolated from 10 
used/contaminated IP with respect to gram stain reaction and 
cellular morphology. 


