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Introduction

e Methicillin-resistant Staphylococcus aureus: bacterium that colonizes the skin of human
beings and proximate environment.

e Antibiotic resistance has made eradication much more difficult.
e Approximately 90,000 Americans infected every year. 22% dies.

e General symptoms: swollen pus-filled red bumps, ulcers. High risk groups: patients
who suffer from diabetes, ulcers, chronic renal disease, or skin lesions; patients who've
had previous antibiotic exposure or frequent hospital stays.
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Figure 1: Depiction of control strategies

Methodology

We develop a system of nonlinear differential equations to model MRSA transmission and
control strategies in a hospital. Our baseline model considers contaminated (H ) and un-
contaminated (/) health care workers (HCWs); and uncolonized (U/), colonized (C), and
infected (/) patients. Our screening at admission model additionally includes isolated (7)
patients. Finally, our screening at discharge model adds flagged (7') and unflagged (F/)
patients in the community.

Blff% + 52H%

0H,

51U%+52U%+53U%

oC . K1

A=p)(A=7)vzZ + 71727

Figure 2: Flowchart for screening at discharge model
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There does not exist a disease-free equilibrium for our system as we are assuming pa-
tients carrying the bacteria are always entering the system according to the probabil-
ities \o and )\;. We assume that no new infected or colonized patients are admitted
(A\c = A; = 0) so, the hospital community is completely susceptible. The (adjusted) repro-
duction number R was calculated using the next generation matrix method and takes the
following form:
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Rp and Ry denote the colonization/infection potential of patients and HCWs, respectively.
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N7, and Ny, denote the proportion of HCWs and patients with respect to total hospital
population, respectively. When Ry > 1, the presence of a new infected or colonized pa-
tient will produce an outbreak in the hospital.

Sensitivity analysis was performed on Ry. The results are summarized in Figure 3.
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Figure 3: Sensitivity of Ry to changes in various parameters.

Increasing the rate of discharge of colonized patients (y~) and decreasing the transmis-
sion rate between colonized and uncolonized patients (5;) can significantly reduce the
potential of a MRSA outbreak. Thus, more aggressive identification and eradication meth-
ods for colonized patients as well as stricter adherence to decontamination protocols in
the hospital are the most important steps to reduce MRSA proliferation.

Furthermore, variation in the transmission rate between uncolonized and infected patients
(52) as well as the decontamination rate of contaminated HCWs (§) can also be used to
reduce outbreak potential.

We also found that the adjusted reproduction number of any model is greater than 1 for
the literature parameter values used and our estimate of 4, which means that increasing
the decontamination rate can decrease the value of the reproduction number but it is not
enough to avoid outbreak.

’ﬂ'
-
-

Isolated patients .-
(at discharge) JPtoe -

150 - =T
Colonized patients Pt
(at admission) -~

. Colonized patients -
(at discharge) - -

100 -

,/” Isolated patients
,,” (at admission)

Population Size at Equilibrium

Infected patients
(at admission)

_——
—— _—
e —
——
——
-
——
-
—— —

Infected patients
(at discharge)

1 L L L 1 1 1 L L L | L 1 L |
0.0 0.2 0.4 0.6 0.8 1.0

Probability of screening (p)
Figure 4: Compartment population sizes at the endemic equilibrium as p varies.

e Infected patient population and contaminated HCW population at equilibrium do not
change significantly between control strategies as p varies.

e Screening at discharge is more effective at lowering colonized patient population at
equilibrium, as compared to admission screening.

e Screening at discharge sends significantly many more patients to isolation than screen-
iIng at admission.

Discussion and conclusion

The original models do not allow for a disease-free equilibrium. However, under the as-
sumption of \; = Ao = 0, we can obtain an expression for an adjusted reproduction
number, denoted Rj,. We calculated that Ry > 1 for the parameters found in the literature,
suggesting a strong infection potential of MRSA bacteria. Hence, an outbreak will always
occur with the admission of an infected or colonized patient.

As shown in Figure 4, screening at discharge is a more effective strategy for reducing
MRSA colonized patients in hospitals. However, isolated patient population grows signifi-
cantly faster as compared to the alternative, suggesting that screening at discharge is not
practical in terms of infrastructure limitations or cost considerations.

Further research is required to determine practicality considering both cost and a finite
capacity isolation unit. Also, there is need for a broader spatial analysis.
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