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Abstract:

[Background] The use of heating and ventilation air conditioning (HVAC) in public places is con-
ducive to improving indoor air quality and increasing the users comfort level. However, HVAC
may also become potential carriers of indoor airborne microbial contamination.

[Objective] To understand the characteristics of microbial pollution and distribution of related
pathogenic microorganisms in HVAC of star-rated hotels, and to provide a basis for effective control
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of such pollution.

According to the requirements of the Hygienic specification of central air conditioning ventilation system in public buildings
(WS 394-2012), two sets of HVAC in two star-rated hotels (A and B, inaugurated in 2002 and 1998, respectively) in the central area of
Shanghai were randomly selected on September 9, 2020 for the hygienic evaluation of microorganisms in the air supply and respirable
particulate matter (PM,,) in the air supply, dust accumulation and microorganisms on the inner surface of the ducts, as well as Legionella
pneumophila in cooling water and condensate water. At the same time, 3 samples from the inner surface of ducts, 1 sample from the
surface of the filter, 1 sample from the condensate, and 1 sample from the cooling water were collected from each set of HVAC, a total
of 12 sample from 2 sets of HVAC, for lllumina HiSeq metagenomic sequencing, and the samples are divided into 3 groups according to
their types: duct group, filter group, and water sample group. The a-diversity indices (Shannon index, Simpson index, Chaol index, ACE
index, and goods_coverage index) were calculated to reflect the microbial community composition; and the B-diversity of the three
groups were studied by principal component analysis to determine the similarity of the microbial communities.

The maximum total number of bacteria and fungi in the air supply of the HVAC were 1158 CFU-m~ and 344 CFU-m~ for Hotel A
respectively; and 2000 CFU-m™ and 532 CFU-m~ for Botel B respectively. B-hemolytic streptococci were negative in all samples; the
respirable particulate matter, microorganisms and dust accumulation on the inner surface of air ducts, Legionella pneumophila IN cooling
water and condensate samples all met the standards. The results of lllumina HiSeq sequencing showed that a total of 17 322 microorganisms
were reported in the 12 samples, with bacterial microbiota accounting for 97.31% of the classified genes and the remaining 2.69% were
from fungi, viruses, and parasites. At the species level, Staphylococcus epidermidis, Pseudomonas, Alternaria, and Malassezia were the
dominant microbial taxa measured in this survey. The results of a-diversity analysis showed that the values of Shannon index, Simpson
index, and Chaol index for the three groups of samples were duct > filter > water sample. The goods coverage indices of all sample
groups s were close to 1. The principal component analysis showed that the contributions of two principal components were 19.27% and
14.25%, respectively, in which the samples of the filter and duct groups were better clustered into one category.

The overall hygiene conditions of the two hotels are good, except for the serious microbial contamination in the air supply
of HVAC. Metagenomic sequencing reveals complex microbial communities of HVAC, including bacteria, fungi, viruses, and parasites. The
species composition vary by sample groups, particularly the species compositions of the samples from filters and ducts are close and
dominated by pathogenic microorganisms of human origin, suggesting that the potential biosafety hazards of HVAC should not be
ignored.

metagenomics; centralized air conditioning system; microbial contamination; hotel
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