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programs featuring an intervention to remove unnecessary uri-
nary catheters at a tertiary care center in Thailand. Infect Control
Hosp Epidemiol 2007;28:791–798.

A Formula for Infection Control Using
Colonization Pressure and Compliance
Rates

To the Editor—Colonized and infected patients are a major
reservoir for the patient-to-patient transmission of nosoco-
mial pathogens within hospitals. The prevalence of colonized
patients, termed “colonization pressure,” is an important risk
factor for the development of nosocomial infections. Colo-
nization pressure is formally defined as the number of col-
onized patient-days # 100/total patient-days.1 Bonten et al2

first described the role of colonization pressure in the spread
of vancomycin-resistant enterococci (VRE) and showed that,
when VRE colonization pressure increased threefold, from
25% to 75%, the days until VRE acquisition decreased by
one-third, from 16–18 days to 6–7 days. This indicates that,
as colonization pressure increases threefold, the transmission
velocity or power increases threefold. This group also re-
ported that, when colonization pressure reached 50%, it be-
came an independent variable that determined VRE acqui-
sition but was not affected by infection control measures,
including handwashing and the wearing of personal protec-
tive equipment (PPE; eg, gloves, gowns and aprons, and
masks). In methicillin-resistant Staphylococcus aureus
(MRSA) nosocomial infections, the same relationship be-
tween the colonization pressure and the infection risk was
observed.3 These findings suggested that low colonization
pressure might reduce the likelihood of MRSA transmission
even in settings with low rates of compliance to infection
control measures, whereas high colonization pressure could
result in transmission even in settings with high rates of com-
pliance to infection control measures. Thus, a high coloni-
zation pressure may have the ability to negate infection con-
trol efficacy.4

This negation is thought to arise because the rate of com-
pliance to infection control measures is generally assumed to
be 30%–80%, and reaching a 100% rate of compliance is
difficult.5 Even at an 80% compliance rate, 20% of interac-
tions are still noncompliant with infection control measures.
If many carriers exist (ie, under high colonization pressure),
the chance of direct contact (with carriers) and indirect con-
tact (with the environment around carriers) increases, and
the absolute number of noncompliant interactions also in-
creases. However, low colonization pressure does not result
in a high absolute number of potential contacts with infec-
tious pathogens, even if the compliance rate is low. Overall,
infection strength seems to be correlated with colonization

pressure and inversely proportional to the rate of compliance
to infection control measures.

Using the 2 variables of colonization pressure and com-
pliance rate, transmission risk (ie, transmission velocity or
transmission power) could simply be expressed as follows:
transmission risk p colonization pressure (%) of nosocomial
pathogens/compliance rate (%) of infection control measure.
For instance, according to the formula, in the case of a low
colonization pressure (eg, 10%) and an ordinary compliance
rate (eg, 40%), the transmission risk can be calculated as 10/
40 p 0.25. However, in the case of a high colonization pres-
sure (eg, 40%) and a high compliance rate (eg, 80%), the
transmission risk can be calculated as 40/80 p 0.5. Thus,
even if the compliance rate is increased twofold and colo-
nization is increased fourfold, the transmission risk is in-
creased twofold. The compliance rate is limited by human
nature, and therefore, if the prevalence of carriers becomes
high, the chance of contact inevitably increases. The results
of this formula suggest that, when many carriers exist in a
ward, infection control practices may not be effective.

In terms of colonization, we need to consider the degree
of environmental contamination surrounding carriers. As the
degree of bacterial shedding from colonized patients in-
creases, contamination of the environment increases; that is,
the colonization pressure increases. Wang et al6 proposed that
the colonization pressure is adjusted by the degree of envi-
ronmental contamination. The modified colonization pres-
sure, calculated by multiplying colonization pressure by the
degree of environmental contamination, can be used for the
formula. In addition, contamination is not limited to envi-
ronmental surfaces. Infectious agents are transmitted via aeri-
al droplet cloud,7,8 which could spatially or three-dimension-
ally enhance the colonization pressure and further spread
infectious agents.

Colonization pressure could be defined as the total amount
of infectious agents in an environment contaminated by car-
riers. The more rigorously that healthcare workers perform
infection control measures, including hand hygiene and bar-
rier precautions, the less easily infectious agents can be trans-
mitted to patients. This phenomenon is similar to conditions
in which resistance interrupts electric current. Infection con-
trol measures create resistance against infectious flow. If the
total amount of infectious agents (ie, voltage) is high and
infection control (ie, resistance) is low, the transmission (ie,
current) becomes intense. Thus, the proposed formula could
mimic Ohm’s law regarding electric circuits, as follows: in-
fectious current p total amount of infectious agents in an
environment/resistance to transmission to patients. In light
of the formula, the measure of infection control can be di-
vided into the 2 basic categories: colonization pressure (the
numerator) and compliance rate (the denominator).

Controlling colonization pressure involves the following:
early hospital discharge of colonized patients, isolation pre-
cautions, decolonization therapy, decreasing the quantity of
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contaminated surfaces (ie, cleaning and disinfecting of the
environment), decreasing contact opportunities of contam-
inated surfaces using hands-free equipment (eg, nontouch
thermometer, automatic faucet, and sensor-equipped room
light), ventilation to dilute and remove contaminated air.
However, increasing the compliance rate of hand hygiene and
PPE measures by using various inventions, such as a bundle9

and checklist, improved access to PPE,10 and the development
of a safety culture,10 is also important. The proposed formula
might describe the natural phenomenon of healthcare infec-
tion in a simple manner, but it could also be useful to ef-
fectively organize the historically accumulated knowledge of
infection control and aid in the development of new strat-
egies.
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Epidemiology of Sharps Injury and Splash
Exposure in an Oncology Care Center in
Eastern India

To the Editor—Sharps injury and splash exposure in the
healthcare setting represent important occupational hazards
and raise considerable concern about infection, psychological
distress, and potential cost of management. Understanding
the epidemiology of these incidents is essential for improved
management strategies. In a 32-month period from May 2011
to January 2014, we report a total of 89 incidents of sharps
injury and splash exposure from a 167-bed tertiary care on-
cology center in the eastern part of India. The male-to-female
ratio was 1 : 1.1, and the age of the affected individuals ranged
from 18 to 41.5 years for females (median age, 24.7 years)
and from 19 to 47.2 years (median age, 25.9 years) for males.
Staff distribution showed that 13 doctors, 38 nurses, 29
housekeeping staff, 6 laboratory workers, 2 operating room
technologists, and 1 radiotherapy technologist were affected.
The sharp injuries were associated with or caused by 54 hol-
low needles, 11 blades, 5 solid needles, 3 glass pieces, 2 dia-
thermy devices, and 1 each of core biopsy needle, biopsy gun,
microtome blade, and needle used for monitoring capillary
blood glucose; 5 cases were associated with miscellaneous or
unidentified sharps. Five (5.6%) of 89 incidents involved
splash exposures. An accelerated course of hepatitis B virus
(HBV) vaccination (administered at day 0, 1 month, 2
months, and 12 months followed by postvaccination im-
munity testing at 6 weeks after the last dose of vaccine) was
started for 43 (48%) of 89 affected staff. However, vaccination
uptake was not satisfactory in all cases; 11 (25%) of 43 in-
dividuals received up to the fourth dose, 12 (38%) of 43
received up to the third dose, and 5 (12%) of 43 received 2
doses only. All staff (4 of 4 individuals) who were tested for
hepatitis B surface antibody after the fourth dose had acquired
satisfactory immunity (≥10 mIU/mL). Human immunode-
ficiency virus (HIV) postexposure prophylaxis or hepatitis B
immunoglobulin were not required for any staff members (0
of 89). However, 7 staff members required tetanus prophy-
laxis because of soiling of wound and inadequate previous
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