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The diagrammatic sketch on manure/waste biodegradation (i.g., antibiotics in a housefly larvae (Musca

domestica) vermireactor within 5—7 days. 1: The metabolism and growth of housefly larvae. 2: The physical

reduction process of waste materials. 3: The synergy of manure enzymes and microorganisms. 4: Larvae harvest.
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The larvae vermicomposting module with swine manure input during larvae gut passage. A: Operation

of the semi-continuous feeding larvae vermireactor. B: The anatomy of the gut transit of housefly larvae (Musca
domestica). C: The cumulative amount of fresh manure input, remaining residues and cumulative manure reduction

mass (green curve).
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F 1. IRIEALIRIEZEAYEE 1 (S1d). 3(S3d). 5(S5d). 6(S6d)XAIRIVE HIERRER(=3)
Table 1. Cumulative and daily reduction rates of antibiotics after 1 (S1d), 3 (S3d), 5 (S5d), and 6 days (S6d) during swine
manure vermicomposting using the housefly larvae (n=3)
Item TC OTC CTC DOC SDZ NFZ OFC CFC EFC

Cumulative reduction rate/(mg/m?)

Sid  0.186+0.005c 5.23+0.34c  3.67+0.03d  0.204+0.014d 0.945+0.30d 0.476+0.031b  0.119+0.004d 10.7+0.5d 3.20+0.40d
S3d  0.452£0.0027b 14.5+1.0b  6.65£0.43¢  0.332+0.016c 2.74+0.06c  0.356+0.017c  0.523+0.017c 16.8+0.5c 6.57+2.24c
S5d  0.542+£0.046a 23.7+0.4a  7.62+0.25b  0.644+0.010b 3.82+0.03b  1.17+0.04a 1.5120.050a  29.9+1.4b 8.58+0.56a
S6d  0.595+£0.037a 23.840.5a  8.34+0.06a  0.713+0.0l11a 4.09+0.12a  1.17+0.02a 0.857£0.036b 32.9+1.4a 7.92+0.18b
Daily reduction rate/[mg/(m*d)]

Sid  0.19440.007a 2.24+0.34a 3.67£0.00a  0.216+0.019a 0.935+0.033a 0.476+0.031a  0.123+0.051c 10.9+0.6a 3.20+0.40a
S3d  0.14540.020b 5.26+0.15a 2.20+0.18b  0.104+0.010c 0.913+0.020a 0.119+£0.007d  0.174+0.006b 5.36+0.26b 2.19+0.08b
S5d  0.10840.009c 4.82+0.14a 1.43+0.67c  0.144+0.003b 0.808+0.027b 0.238+0.011b  0.298+0.012a 5.94+0.27b 1.72+0.11c
S6d  0.099+0.006c  3.92+0.08b 1.39+0.10c  0.112+0.007c 0.630+0.11c  0.196+0.003bc 0.139+0.008c  5.49+0.22b 1.33+0.33d

n is the number of repetitions.
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Figure 3. Cumulative (A) and daily (B) antibiotic reduction in vermicompost after 1 (S1d), 3 (S3d), 5 (S5d) and 6
days (S6d) during swine manure larvae vermicomposting. Lowercase letters represent significant levels of each group.
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Figure 4. Attenuation or enrichment of antibiotic resistance genes and the associated mechanism of resistome. A:

The descriptive statistics for attenuated resistance genes. B: The mechanism of resistance to the absence/presence of

antibiotic resistant genes. C: The antibiotic to which they confer resistance.
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Figure 5. Microbial diversity (A) and community structure (B) determined among studied samples by 16S rRNA analysis.
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Parameters Attenuated Enriched
Number of ARGs input (as nodes) 108 (97) 34(25)

Number of total nodes 432 94
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Network diameter 10 10
Network density 0.07 0.058
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Figure 6. Local similarity analyses showing the potential linkage between dynamics of antibiotic resistance genes

(ARGs) and taxa/OTU changing patterns in manure under vermicomposting (day 1 to day 6). A: Subnetwork

organized between significantly attenuated ARGs and taxa/OTUs. B: Subnetwork organized between significantly
enriched ARGs and taxa/OTUs. C: Subnetwork organized between significantly attenuated ARGs and members

belonging to the order Clostridiales. D: Subnetwork organized between significantly attenuated ARGs and family
members belonging to the order Bacteroidales. E: Subnetwork organized between significantly attenuated ARGs

and OTUs/taxa belonging to the family Bacteroidaceae.
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Housefly larvae gut microbiome may attenuate veterinary
antibiotics and alter the resistome in swine manure
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Abstract: [Objective] The overuse of antibiotics as veterinary feed additives is contributing to a significant
reservoir of antibiotic resistance in livestock manure. A housefly larvae (Musca domestica) vermireactor has been
increasingly adopted for swine manure value-added bioconversion and pollution control. In order to investigate its
efficiency on attenuations of antibiotic and the associated resistome during manure vermicomposting, we
implemented dynamic sampling during a typical cycle (6 days). [Methods] High-capacity qPCR, liquid
chromatography-electrospray ionization tandem mass spectrometry, the isotope-labeled internal standard method
and Illumina Hiseq sequencer were used to explore the effectiveness of antibiotic degradation and microbial
mechanisms on dynamics of the associated resistome of full-scale larvae manure vermicomposting. [Results] Nine
antibiotics (tetracycline, oxytetracycline, chlortetracycline, doxycycline, sulfadiazine, norfloxacin, ofloxacin,
ciprofloxacin and enrofloxacin) were dramatically removed. The cumulative removal of these tested antibiotics
reached 34.3%-58.1%, along with the daily reduction percentages ranging from 7.8% to 57.4%. In total, 113 of 158
antibiotic resistance genes (ARGs) were significantly attenuated (by 79.3%), while 23 were significantly enriched
(3.48-fold) following vermicomposting. The manure-borne bacterial community showed a decrease in the relative
abundance of Bacteroidetes, and an increase in Proteobacteria, specifically Ignatzschineria, following gut transit,
while ARG attenuation was significantly correlated with changes in microbial community structure. Bacteria
correlated with attenuated ARGs mainly belonged to order Clostridiales and Bacteroidales. Enriched ARGs, were
mostly correlated with family Alcaligenaceae, [Weeksellaceae] and order Bacillales. [Conclusion] Housefly larvae
vermicomposting is an efficient way to attenuate antibiotics and ARGs in swine manure within the 6-day treatment.

Keywords: animal manure, larvae vericomposting, resistome, gut microbiome
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