


STRUCTURED ABSTRACT
Purpose:��T�Œ���v�•�o���š�]�}�v���o���Œ���•�����Œ���Z��was conducted �š�}���.�o�o���l���Ç���l�v�}�Á�o�����P�����P���‰�•���]�u�‰�����]�v�P��
�����À���o�}�‰�u���v�š���}�(�������š���]�o�������]�v�(�����š�]�}�v�����}�v�š�Œ�}�o���‰�Œ�}�������µ�Œ���•���(�}�Œ���À�}�u�]�š�µ�•�X
Scope:��Long-term care �(�����]�o�]�š�]���•�U���Z�}�u�����(�}�Œ���v�����Œ�o�Ç���î�X�ñ���u�]�o�o�]�}�v���‰���}�‰�o�� who are mostly older adults 
Methods: Epidemiological and laboratory studies were employed to complete four aims – (1) 
quantify �Œ�}�o�����}�(���À�}�u�]�š�]�v�P�����•�������Œ�}�µ�š�����}�(���š�Œ���v�•�u�]�•�•�]�}�v���]�v���>�d���&���v�}�Œ�}�À�]�Œ�µ�•���}�µ�š���Œ�����l�•; (2) measure 
dispersion of vomitus into the environment; d���š���Œ�u�]�v�����š�Z�������8�������Ç���}�(�����Œ�}����-spectrum 
���]�•�]�v�(�����š�]�}�v���•�š�Œ���š���P�]���•���}�v�������Œ�‰���š; and determine norovirus persistence in the environment.
Results: Two epidemiological studies support control measures that limit exposure to vomitus 
during HuNoV outbreaks in long-�š���Œ�u�������Œ�����(�����]�o�]�š�]���•. The average extent of two-dimensional 
dispersion of simulated vomitus was 44.8 m2, spanning a width of 3.6 m and a length of 7.7 m 
from the source�U�����}�v�.�Œ�u�]�v�P ���µ�Œ�Œ���v�š���Œ�����}�u�u���v�����š�]�}�v�•���(�}�Œ�����o�����v�]�v�P�����(�š���Œ���À�}�u�]�š�]�v�P�X�����o�š�Z�}�µ�P�Z 
hydrogen peroxide-based disinfectants can serve as an ���o�š���Œ�v���š�]�À�����š�}�����Z�o�}�Œ�]�v��-based 
���]�•�]�v�(�����š���v�š�•���}�v�����}�



PURPOSE
Human norovirus (HuNoV) is the leading cause of acute gastroenteritis outbreaks in the United 
States. Long-term care facilities (LTCFs), home for nearly 2.5 million people, mostly older adults, 
are the most common setting for such outbreaks. Epidemiologic studies have identified 
vomiting, which occurs among more than 50% of symptomatic norovirus cases, to be a strong 
risk factor for norovirus transmission. Vomitus can contain over 30,000,000 million viral 
particles per vomitus event�U��resulting in contamination of environmental surfaces via 
aerosolization and/or improper clean up. Vomitus clean-up guidelines are available�U but the 
evidence base informing procedures is limited�U resulting in procedural steps �š�Z���š�����Œ�� 
insufficiently detailed (e.g., radius of clean up and disinfection procedures for porous surfaces, 
such as carpet). This lack of detail could result in multiple interpretations of how to execute a 
clean-up step�U possibly resulting in the ineffective removal of HuNoV. In this multidisciplinary 
study, we conducted translational research to fill key knowledge gaps impeding development 
of detailed infection control procedures for vomitus. Sp



���•�š�]�u���š������to �‹�µ���v�š�]�(�Ç���]�v���]�À�]���µ���o�������•�� �]�v�(�����š�]�}�µ�•�v���•�•��in order to ���Æ���u�]�v�����š�Z�������}�v�š�Œ�]���µ�š�]�}�v���}�(��
�À�}�u�]�š�]�v�P�U�����]���Œ�Œ�Z�����U�����v���������]�v�P�������Œ���•�]�����v�š���~�À�•�X �•�š���+�•���š�}�������•�����]�v�(�����š�]�}�µ�•�v���•�•�X��A�•�•�}���]���š�]�}�v�•�������š�Á�����v��
�����•�������Z���Œ�����š���Œ�]�•�š�]���•�����v�����Zi were ���•�š�]�u���š�������µ�•�]�v�P�������u�µ�o�š�]�À���Œ�]�����o���U���o�}�P-linear mixed model with 
�]�v�À���Œ�•�����À���Œ�]���v�������Á���]�P�Z�š�]�v�P�X

Aim 2: �D�����•�µ�Œ�������]�•�‰���Œ�•�]�}�v���}�(���À�}�u�]�š�µ�•���]�v�š�}���š�Z�������v�À�]�Œ�}�v�u���v�š�X A scoping review and a series of 
���Æ�‰���Œ�]�u���v�š���o���•�]�u�µ�o���š�]�}�v�•���Á���Œ�������}�v���µ���š�������š�}��measure the dispersion of vomitus into the 
environment. First, a scoping literature review was conducted to describe the extent of 
knowledge related to the two research questions: (1) What are the determinants of post-
doffing contamination? (2) Where is post-doffing contamination most likely to occur after PPE 
doffing? Two databases were searched (PubMed and sciVerse Scopus), ���v����search terms and 
inclusion criteria���Á���Œ�� defined. Data extraction was based on the matrix method, with 
templates constructed in in Microsoft Excel. Extraction was performed by one investigator�U ���v�� 
a second investigator review�������š�Z�� findings. �^�����}�v���U�����v�����Æ�‰���Œ�]�u���v�š���o���•�]�u�µ�o���š�]�}�v���•�š�µ���Ç���Á���•��
�‰���Œ�(�}�Œ�u�������š�}���‹�µ���v�š�]�(�Ç���š�Z�����u���P�v�]�š�µ���������v�������Æ�š���v�š���}�(�����v�À�]�Œ�}�v�u���v�š���o�����}�v�š���u�]�v���š�]�}�v�����µ�����š�}��
�À�}�u�]�š�]�v�P���]�v���}�Œ�����Œ���š�}��inform the �•�‰���š�]���o�����Œ�������(�}�Œ�����o�����v�]�v�P ���(�š���Œ�������À�}�u�]�š�µ�•�����À���v�š. The ���]�•�‰���Œ�•�]�}�v��
�}�(���G�µ�}�Œ�������]�v-containing simulated vomitus was measured on surfaces and in air using a life-
�•�]�Ì�������À�}�u�]�š�]�v�P���•�]�u�µ�o���š�}�Œ�X���&�}�µ�Œ�����Æ�‰���Œ�]�u���v�š���o�������•�]�P�v���(�����š�}�Œ�•�������o�]���À�������š�}���]�v�G�µ���v�������À�}�u�]�š�]�v�P��
���]�•�‰���Œ�•�]�}�v – head ���v�P�o���U���À�}�u�]�š�µ�•���À�}�o�µ�u���U�����i�����š�]�}�v���‰�Œ���•�•�µ�Œ���U�����v�����À�}�u�]�š�µ�•���À�]�•���}�•�]�š�Ç���t were 
tested using a blocked randomized design. Fluorescein was measured on 36-�G�}�}�Œ���•���u�‰�o���Œ�•�����v����
�Á�]�š�Z���(�}�µ�Œ�����]�Œ���•���u�‰�o���Œ�•�X

Aim 3: �����š���Œ�u�]�v�����š�Z�������8�������Ç���}�(�����Œ�}����-�•�‰�����š�Œ�µ�u�����]�•�]�v�(�����š�]�}�v���•�š�Œ���š���P�]���•���}�v�������Œ�‰���š�X �d�Z�������8�������Ç��
of chemical- and non-chemical-�����•���������]�•�]�v�(�����š�]�}�v���•�š�Œ���š���P�]���•���Á���• tested on seeded carpet using 
two norovirus surrogates and ���X�����]�8���]�oe. �E�]�v�������]�•�]�v�(�����š���v�š�•���]�����v�š�]�.�������(�Œ�}�u���>�]�•�š���'�W�����W���[�•��
Regist���Œ���������v�š�]�u�]���Œ�}���]���o���W�Œ�}���µ���š�•�����+�����š�]�À�������P���]�v�•�š���E�}�Œ�}�À�]�Œ�µ�•���Á���Œ�����š���•�š���������P���]�v�•�š��feline 
calicivirus (FCV), tulane virus (TuV), and ���o�}�•�š�Œ�]���]�}�]�����•�����]�8���]�o�� endospores in suspension on 
stainless-�•�š�����o���•�µ�Œ�(�����������v���������Œ�‰���š�X���������]�š�]�}�v���o�o�Ç�U���•�š�����u���À���‰�}�Œ�����v�����‰�Z�}�š�}���o�K2 were explored as 
���o�š���Œ�v���š�]�À���•���š�}�����Z���u�]�����o�����]�•�]�v�(�����š���v�š�•���(�}�Œ���•�µ�Œ�(�����������]�•�]�v�(�����š�]�}�v�X���/�v�����o�o�����8�������Ç���š���•�š�•�U��‘e�8�������]�}�µ�•�[��
�Á���•�������.�v���������•�������ð-�o�}�P���Œ�����µ���š�]�}�v���}�(���&���s�����v���������ò-�o�}�P���Œ�����µ���š�]�}�v���}�(�����X�����]�8���]�o�� endospores on hard�U 
nonporous surfaces. As EPA does not recognize TuV as a target agent, ‘e�8�������]�}�µ�•�[���Á���•�������.�v������
as a 3-�o�}�P���Œ�����µ���š�]�}�v���}�(���P���v���Œ���o���À�]�Œ���o���•�µ�Œ�Œ�}�P���š���•�X First, suspension tests were conducted to 
screen disinfectants against FCV, TuV, and ���X�����]�8���]�o�� endospores. Next, a carrier test on 
stainless steel was conducted �š�}�����}�v�.�Œ�u�����8�������Ç���}�v���v�}�v�‰�}�Œ�}�µ�•���Z���Œ�����•�µ�Œ�(�������•�X���������]�š�]�}�v���o�o�Ç�U two 
nylon carpets constructed with water-permeable or water�‰�Œ�}�}�.�v�P���������l�]�v�P�•���(�}�Œ���š�Z���������Œ�‰���š���š���•�š 
were tested �(�}�Œ�����]�+���Œ���v�������]�v�����8�������Ç. All results from the suspension and stainless steel carrier 
test











Table 2. ���8�������Ç���}�(�����Z���u�]�����o�����]�•�]�v�(�����š���v�š�•�����P���]�v�•�š feline calicivirus (FCV), Tulane virurs (TuV), and 
���X ���]�8���]�o�� ���v���}�•�‰�}�Œ�����}�v�������Œ�‰���š�•���Á�]�š�Z�����]�+���Œ���v�š���������l�]�v�P�•�Xa

Disinfectant

Reduction (logs) ��
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