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a b s t r a c t 

African swine fever (ASF) outbreak has caused serious economic losses in Asia since 2018. As ASF is a new emerg- 

ing disease, many farmers hesitate to raise pigs before biosafety procedures were evaluated to be effective. To 

support small-scale farms in resuming pig production, a comprehensive procedure, called the quadruple protec- 

tion procedure (QPP), was tested in 35 small farms which had been confirmed with African swine fever virus 

(ASFV). The QPP takes care of the farms’ construction, environmental disinfection, regular immunization, and 

feed quality. Qualified daily management was supplemented as well. During a one-year survey four disinfectants 

and one piece of equipment were used in higher frequency. A 7- or 15-day empty period after the disinfection 

was suitable when it was combined with the rest of the protection measures from QPP. Totally 18,730 porkers 

and 3,006 sows were healthy by the end of the study with percentage of 100 and 98.8, respectively, indicating 

that QPP could protect pigs in small-scale farms from pathogens within China. This study developed an effective 

protective procedure system for small-scale farms to produce pigs under the risk of ASF outbreak. 
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. Introduction 

African swine fever (ASF) is a hemorrhagic disease with high infec-

ivity and high mortality which not only causes huge economic losses,

ut also affects food safety and pig trade ( Gallardo et al., 2015 ). In

018, ASF broke out in China, subsequently sweeping many other Asian

ountries ( Heilmann et al., 2020 ; Kim et al., 2020 ; Nga et al., 2020 ;

hou et al., 2018 ). At the same time, the death of wild boars from ASFV

nfection in China were reported, which further increased the difficulty

f eradicating ASFV ( Li et al., 2019 ; Sanchez-Cordon et al., 2019 ). In

ddition, COVID-19 (Coronavirus disease 2019) has been slowing down

arious industries since 2019 December ( Pan et al., 2020 ), affecting pig

aising, pork production and supply transportations for those already

it hard by ASF ( Gao et al., 2020 ; Kedkovid et al., 2020 ). Therefore,

here is an urgent necessity to support societies by raising more pigs

nd producing more pork while fighting the epidemics. 

Under the influence of ASF, it would be very important to support

mall-scale pig farms (which produce and sell pigs fewer than 10,000
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er year) to successfully raise pigs, since small-scale farms not only pro-

uce a large portion of pork, but also play an important role in trans-

ission of pathogens ( Correia-Gomes et al., 2017 ; Riedel et al., 2012 ).

p to now, there is no vaccine and effective treatment available for

ealing with the causative virus, ASFV ( Galindo and Alonso, 2017 ). The

nly countermeasure is implementation of strict biosafety procedures

n pig farms, such as on-site diagnosis, early detection, safe disposal

f carcasses, avoidance of feeding with swill, disinfection of pig farm

ehicles, and so on. ( Danzetta et al., 2020 ; Lyra, 2006 ; Penrith et al.,

013 ) 

ASF is a new disease in China. Many farmers hesitated to take the

isk of raising pigs until biosafety measures are confirmed to be effective

nder the various weather and environmental conditions, which vary

ithin thousands of kilometers from north to south of China. In this

tudy, to establish suitable comprehensive guidelines for prevention and

ontrol of ASF in small-scale pig farms, a QPP will be tested in 35 ASFV

ositive farms which were selected from 9 provinces in China. 
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ovember 2020 

article under the CC BY-NC-ND license 

https://doi.org/10.1016/j.crmicr.2020.100014
http://www.ScienceDirect.com
http://www.elsevier.com/locate/crmicr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crmicr.2020.100014&domain=pdf
mailto:pancg01@haid.com.cn
https://doi.org/10.1016/j.crmicr.2020.100014
http://creativecommons.org/licenses/by-nc-nd/4.0/


L. Tian, Y. Luo, T. Wen et al. Current Research in Microbial Sciences 2 (2021) 100014 

Fig. 1. The 12 D&Es and their usage in the farms. (A) The major characteristic of the D&Es and the places where they were applied at. (B) Model of a pig farm 

labeled with D&Es at the places where they could be used. The numbers correspond to the D&Es as listed in (A). 
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. Materials and methods 

.1. Pig farms 

35 pig farms that have been previously reported as ASFV-positive

ere selected from southern and eastern areas of China. Of these, 34

arms were left empty after the disease had occurred which will be used

or testing QPP. There were 30 to 6000 pigs raised per farm. The re-

aining farm was set as a control to evaluate the effectiveness of the

tep of empty farms. The only difference between the testing farms and

he control farm is that the control farm was disinfected by the owner

ho also raised 50 sows there before this study started, while the testing

arms had no pigs. All of the farms will be treated the same way during

his study using the same methods. All methods were performed in ac-

ordance with the relevant guidelines and regulations which have been

pproved by the ethics committee of animal experiments of Guangdong

aid Group Co., Ltd. 

.2. Disinfectants and equipment (D&E) 

As shown in Fig. 1 A, there were 12 D&Es which include chemi-

als and equipment. The chemicals were strong alkalis, surface active

gents, or strong oxidants, etc., such as, 3% and 5% sodium hydrox-

de purchased from Cangzhou Zhongtai Chemical Products Co., Ltd.,

uicklime (calcium hydroxide) purchased from Gongyi Xingyuan Water

urification Material Co., Ltd., glutaraldehyde purchased from Hubei

injing New Materials Co., Ltd., formalin and potassium permanganate

urchased from Chengdu Minsheng Disinfectant Co., Ltd., potassium

ersulfate compound salt, chlorine dioxide effervescent tablets, povi-

one iodine, glutaraldehyde decyl ammonium bromide solution, and

odium trichloroisocyanurate purchased from Guangzhou Hesheng An-
mal Pharmaceutical Co., Ltd. The equipment includes flame gun and

zone generator. Flame guns were purchased from Guangzhou Qinbao

nimal Husbandry Equipment Co., Ltd. and ozone generators were pur-

hased from Guangzhou Baifeng Environmental Protection Technology

o., Ltd. 

.3. The QPP 

To reduce the risk of pathogen infection, QPP covers multiple aspects

hat may affect pig health, it includes protective wall construction, en-

ironmental disinfection, regular immunization, and standardized feed.

he details will be explained shortly. 

.3.1. Construction of “protective walls ”

According to publication ( Fasina et al., 2012 ; Olesen et al., 2018 ),

hree types of “protective walls ” were constructed to cut off the transmis-

ion of pathogens through multiple channels, including solid pen wall,

osquito net, and rat-proof wall. All of the pen walls including those

etween pens were made of cement. Mosquito nets covered the open

indows to stop mosquitos and other flying insects from entering. Rat-

roof walls surrounded the pens which were made with metal planks or

ith brick walls covered with ceramic tiles. 

.3.2. Procedure of disinfection 

The places where the D&Es applied were illustrated in Fig. 1 B. To

revent cross-contamination, the disinfection followed the order from

he inside of pens to outside of pens, from the staff living area to the

utside of the farms. The type of D&Es was selected according to the

ctual situation of the farms ( Fig. 1 A). 

The whole process of disinfection can be divided into four sections.

n brief, the first section was carried out in the empty farms. Disinfection
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Table 1 

Detection of viruses. 

Viruses Samples Targets Methods Test kits produced by 

ASFV Blood or swabs of nasal, saliva, or of feeding environment Virus gene qPCR Guangdong Haid Group Co., Ltd 

CSFV Blood Erns protein ELISA IDEXX Laboratories, Inc. 

PRRSV (highly pathogenic) Blood Virus gene qPCR IDEXX Laboratories, Inc. 

PRV (wild type) Blood gpI antibody ELISA IDEXX Laboratories, Inc. 

PEDV Feces Virus gene qPCR Guangdong Haid Group Co., Ltd 

Table 2 

The contents of major nutrients in the pig feeds. 

Feed 

for 

The Contents of Major Nutrients (percentage of weight) 

Total Protein ≥ Crude Fiber ≤ Crude Ash ≤ Calcium Total Phosphorus ≥ Salt Lysine ≥ 

Suckling pig 19.0 5.0 8.0 0.6 to 1.3 0.35 to 1.00 0.30 to 0.80 1.45 

Weaner 18.0 7.0 10.0 0.5 to 1.2 0.35 to 1.00 0.25 to 0.80 1.30 

Young Pig 16.0 7.0 10.0 0.5 to 1.2 0.35 to 1.00 0.25 to 0.80 1.00 

Adult Pig 15.0 8.0 10.0 0.5 to 1.2 0.35 to 1.00 0.25 to 0.80 0.90 

Gilt 16.0 8.0 10.0 0.5 to 1.2 0.35 to 1.00 0.25 to 0.80 1.00 

Pregnant Sow 13.0 10.0 12.0 0.5 to 1.2 0.35 to 1.00 0.25 to 0.80 0.70 

Lactating Sow 14.0 10.0 12.0 0.5 to 1.2 0.35 to 1.00 0.25 to 0.80 0.70 
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as performed twice a day for a week at the pens (fences, exhaust fans,

eed troughs, floors, etc.), staff living area (canteen, dormitory, etc.),

he water dispensing system (drinking fountains, water towers, auto-

atic material supply pipes, etc.), consumables transportation pipelines,

tocking rooms, and waste system, etc. This was followed by collection

f samples from feed troughs, the floor, waste system, and water dis-

ensing system for testing of ASFV nucleic acid with the methods in

able 1 . If the testing results were ASFV negative, the farms would be

ept empty for at least one week. Then environmental ASFV contami-

ation was tested again before starting to raise pigs. The virus detection

nformation will be explained later. The pigs would be raised according

o the rule of all-in-all-out. 

The second section is the daily disinfection after the healthy pigs

ere put into the farms. As shown in Fig. 1 B, low toxic chemicals, such

s potassium persulfate compound salt, povidone iodine, etc. were used

nside pens to spray into air, on floor and wall, or on pig skin, while

trong alkali were used outside the pens. 

The third section focused on the time of selling pigs. In brief, the

igs must be transferred one-way to the delivery vehicles through inter-

hange stations, that is, once pigs are transferred out of the farm they

annot go back in. There was a “red line ” surrounding the pig farms,

eople from each side of the “red line ” were forbidden to walk to an-

ther side during transfer of pigs. All of the areas, facilities, as well as

lothes that were involved must be fully disinfected during and after the

elling process. 

The last section is about daily management. All of the farms were

ept with a comfortable feeding environment, real-time monitoring of

umidity, temperature, and ventilation. The pigs entered and left each

eparated piggery at the same time through a one-way path. For staff,

hey were quarantined at the farm living quarters for 2 to 3 days if they

ame to the workplace first time. Then they worked at the piggeries

y following the rules step by step: in brief, for entering, they stepped

n the mat which was soaked with 2 to 5% sodium hydroxide solution

t the entry door, then took baths and changed clothes, followed by

isinfecting the hands and boots before entering the pens. To prevent

ross contamination, staff normally were forbidden to walk across the

ifferent production areas. If they have to, they must change shoes and

ash hands before walking across. When leaving the piggeries, they

ust wash hands and change and disinfect work clothes. 

.3.3. Virus detection 

The ASFV nucleic acids test was performed in the feeding environ-

ent three times. The first test and second test was carried out before

nd after the first section of disinfection, respectively, in which the first
est checked the virus contamination in the farms, and the second test

onfirmed that the virus has been removed by disinfection. The third

ime was done after the empty period to re-confirm that the ASFV had

een completely cleaned for re-raising pigs. The test samples were col-

ected by swabbing of the floor, feed trough, waste systems, and water

ispensing systems. The gene of ASFV was tested by using qPCR (as

hown in Table 1 ). 

Before entering into the farms, the pigs needed to show negativity in

ve types of viral infections, such as ASFV, Classical Swine Fever Virus

CSFV), highly pathogenic Porcine Reproductive and Respiratory Syn-

rome Virus (PRRSV), wild type Pseudorabies Virus (PRV), Porcine Epi-

emic Diarrhea Virus (PEDV). The test methods were listed in Table 1 . 

.3.4. Comprehensive immunization program 

As shown in Fig. 2 A, the pigs were routinely vaccinated against in-

ection of a total of 11 pathogenic microbes. They include 7 different

accines for yearly vaccination of sows and extra 4 vaccines for brood

ows before and after farrowing. Porkers would accept 4 different vac-

ines within 10 weeks after birth ( Fig. 2 B). The inactive PEDV vaccine

as developed by Guangdong Haid Group Co., Ltd. and used in the con-

rol farm when the sows developed PEDV infection. 

.3.5. Standardized feedings 

To standardize the nutrients, all of the feedings was provided by

uangdong Haid Group Co., Ltd. As summarized in Table 2 , the percent-

ge of the nutrients was adjusted according to the needs of the different

ypes of pigs. 

.4. Data collection 

A one-year follow-up survey was carried out from the beginning of

ebruary 2019 to the end of February 2020. 

. Results 

.1. Contamination of ASFV in the pig farms 

As shown in Fig. 3 A, the farms were located in 9 provinces of China,

ost of which come from Shandong, Guangdong, Jiangxi, and Jiangsu,

espectively. Of these, 20 farms from 6 provinces were in the subtropical

one and 15 farms from Hebei, Henan, and Shandong, respectively, were

n the temperate zone. 

Before disinfection, the first test of ASFV nucleic acids by qPCR (as

hown in Table 1 and Fig. 3 B) indicated that all of the farms displayed
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Fig. 2. Regular immunization procedure in the pig farms. (A) 11 vaccines were purchased from 6 different companies. (B) The procedure of the vaccination for 

the sows and porkers, respectively. The numbers above the axis correspond to the vaccines as listed in (A). ∗ The primiparous sows were given an extra trivalent 

inactivated vaccine against E. coli infection at 4 weeks before birth of babies. 

Fig. 3. Geographical distribution of the 35 pig farms in China 

and their ASFV contamination situation. (A) Farms were from 9 

provinces, which were located in both the temperate zone and the 

subtropical zone. Four provinces that contributed more farms than 

the rest of the provinces are highlighted in red. (B) The contam- 

ination of ASFV was confirmed by detection of viral nucleic acid 

at four different places (as listed) in the farms. For every farm, at 

least one place tested positive. (For interpretation of the references 

to color in this figure legend, the reader is referred to the web ver- 

sion of this article.) 
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ositive for the virus in at least one of the testing places. The contamina-

ion in waste systems and feed troughs were more serious as 72.7% and

7.9% were positive for virus nucleic acid, respectively. For the floor

nd water dispensing systems, 55.9% and 31% were positive, respec-

ively, ( Fig. 3 B). 

After disinfection, ASFV were re-tested twice in these farms, and

here were no positive results reported again. 
.2. The D&Es and their combination applied in the farms 

After a one-week disinfection, the effect of the disinfection procedure

n empty farms was evaluated with ASFV nucleic acid testing (with the

ethods in Table 1 ). All of the samples collected from different places

f the farms displayed negative results, which indicated that this group

f the D&Es was suitable for disinfection of small-scale farms in China. 
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Table 3 

The usage of the D&Es in the pig farms. 

Index Disinfection With Concentration For No-Pig Zone Concentration For Pig’s Zone Number of Farms Using Usage Ratio (%) 

1 Sodium Hydroxide a 2–5% 35 100 

2 Quicklime (calcium hydroxide) 10% − 20% 29 82.8 

3 Flame Gun NA b 26 74.3 

4 Glutaraldehyde 2% 0.5% 27 77.1 

5 Formalin (formaldehyde) 35% − 40% 4 11.4 

6 Glutaraldehyde Decvl Ammonium Bromide 2% 0.5% 6 17.1 

7 Potassium Persulfate Compound Salt 0.5 ‰ 0.1 ‰ 27 77.1 

8 Chlorine Dioxide Effervescent Tablets 0.5 ‰ 0.05 ‰ 12 34.3 

9 Povidone Iodine 2% − 3% 1% 6 17.1 

10 Potassium Permanganate 0.5% − 1% 4 11.4 

11 Ozone 0.35–0.45ppm 9 25.7 

12 Sodium Trichloroisocyanurate 0.5 ‰ 0.15 ‰ 2 5.7 

a The D&E which were set in bold and italic were used in more than 70% of the farms. 
b Not applicable. 

Table 4 

The combination of the D&Es. 

Combination (with indices) a Number of 

Farms Adopted Before and after raising During raising – no-pig zone During raising – pig’s zone 

1 + 2 + 3 + 4 1 + 2 + 3 + 4 7 10 

1 + 2 + 4 + 11 1 + 2 + 4 + 11 7 7 

1 + 2 + 3 + 4 1 + 2 + 3 + 4 7 + 8 + 9 6 

1 + 3 + 5 + 6 + 10 1 + 3 + 5 + 6 + 10 8 4 

1 + 2 + 3 + 11 1 + 2 + 3 + 11 7 + 8 2 

1 + 3 + 4 1 + 3 + 4 7 + 12 2 

1 + 2 + 3 + 4 1 + 2 + 3 + 4 4 2 

1 + 2 + 6 1 + 2 + 6 6 2 

Total 35 

a Indices correspond to those listed in Table 3 . 
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no vacant period in the control farm. 
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As shown in Table 3 , the most commonly used D&E was 2% to 5%

odium hydroxide; all of the farms used it for empty pens and environ-

ent disinfection. The second most commonly used was 10% to 20%

uicklime (calcium hydroxide), having 29 of 35 farms using it. Flame

un, 2% glutaraldehyde, and 20% potassium persulfate compound salt

ere another three most commonly used D&Es compared with the rest

f the D&Es. The least used D&E was sodium trichloroisocyanurate, as

nly 2 farms chose it. In addition, 6 D&Es which were glutaraldehyde,

lutaraldehyde decvl ammonium bromide, potassium persulfate com-

ound salt, chlorine dioxide effervescent tablets, povidone iodine, and

odium trichloroisocyanurate could be used at any place in the farms,

ut their concentration was 2–10 times lower for zones with pigs than

o-pig zones. 

During the entire pig raising period, multiple D&Es were applied

n the farms. As shown in Table 4 , at least three D&Es were used for

isinfection of no-pig zones and at least one D&E was used in zones

ith pigs. A popular combination, 1 + 2 + 3 + 4, which includes sodium

ydroxide, quicklime, flame gun, and glutaraldehyde, was adopted by

8 farms for before and after raising and for no-pig zones as well. 

.3. The empty period 

34 farms were left empty without any further cleaning procedure

fter the first section of the disinfection procedure finished. As shown

n Fig. 4 , 21 of 34 farms were kept empty for 7 and 15 days. The longest

mpty time was 180 days. The control farm didn’t have empty time. 

.4. Successfully raising pigs during one year of observation 

Among the 35 pig farms, 14 farms only raised porkers, 18 farms

nly raised sows, and the other 3 farms raised both at the same time. As

ummarized in Table 5 , by the time of data collection, all of the 34 farms

xcepting the control farm had been raising pigs for more than 50 days,

n which 9 farms kept their herds healthy more than 3 months (101–150
ays) and 12 farms kept the herds healthy more than 5 months (151–

00 days). This leads to a total of 10,280 porkers and sows successfully

old from 9 farms, 205 sows from 5 farms farrowed, and 8650 porkers

nd 2806 sows still raising in 20 farms. 

Sows from control farms presented health problems, such as loss of

ppetite, diarrhea, vomiting etc. at the beginning of the feeding. PEDV

as detected by qPCR in feces swabs. Then the sick sows were removed

rom the farms, and the rest of the sows were immediately injected with

n inactive PEDV vaccine. One of tested farms reported ASFV infection

gain after 111 days of feeding, which resulted in termination of the

eeding immediately. The survival rate of porkers at all farms was 100%,

nd of sows, 98.8%. 
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Table 5 

Results of raising pigs. 

Raising time (day) Number of pig farms Number of porkers Number of sows 

0 to 50 0 0 0 

51 to100 8 1160 392 

101 to 150 9 6700 136 a 

151 to 200 12 10,800 1958 b 

201 to 250 4 0 355 

251 to 300 1 70 0 

301 to 350 1 0 200 

Mature to sale 9 10,080 200 

Farrowing 5 205 

Still in raising 20 8650 2806 

Termination 1 a 

Survival rate 100% 98.8% 

Total 35 18,730 3041 

a 28 sows from one farm were infected with ASFV after 111 days of feeding, 

and the feeding was immediately terminated. 
b 7 sows from the control farm were sick and removed at the early stage of the 

raising period, the rest of pigs were health by the time of collection of data. 

Fig. 5. Illustration of the QPP. The pigs were protected 

by four different procedures (labeled on the green walls). 

The summary of each procedure is, respectively, listed in 

the light blue rectangles. As a necessary supplementary 

procedure, daily management (the yellow circle) covers 

the entire raising period to timely monitor the health 

status of the pigs and maintain the biological safety of 

the environment. (For interpretation of the references to 

color in this figure legend, the reader is referred to the 

web version of this article.) 
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. Discussion 

Usually the large-scale pig farms are equipped with high quality fa-

ilities and perform comprehensive biosafety procedures to maintain a

athogen-free environment. However, the small-scale pig farms in China

catter across the country and their constructions and facilities are vary-

ng ( Costard et al., 2015 ; Riedel et al., 2012 ; Zhang et al., 2017 ). Thus it

s hard to use one standard procedure to manage different farms. More-

ver, as temperature and humidity are involved in pathogen transmis-

ion ( Lowen et al., 2007 ; Wilkinson and Donaldson, 1977 ), different

ocal weather from the north to south of China would bring more chal-

enges into the operation of small-scale farms. As illustrated in Fig. 5 ,

n this study, QPP supplemented with daily management almost covers

very aspect in managing the farms. Of the four procedures, environ-

ental disinfection has to be carried out in various ways to adapt to

ifferent situations. 

For disinfection of pig farms, many chemicals and equipment are

vailable. They destroy pathogens by denaturing their proteins or de-

troying their structures. ASFV is a double layer enveloped virus. It

an tolerate pH of 3.9 to 11.5 but are sensitive to very strong acids

nd bases. It also can be inactivated by lipid solvents and chloroform,

tc. ( De Lorenzi et al., 2020 ) The recommended chemicals are sodium

ydroxide, sodium hypochlorite, formalin, o-phenylphenol and iodine

ompounds ( Juszkiewicz et al., 2019 ; Shirai et al., 2000 ). In this study,

% to 5% caustic soda (sodium hydroxide) and quicklime (calcium hy-

roxide) were used most frequently. Quicklime not only has the func-
ion of sterilization, but also has strong hygroscopicity which can inhibit

icroorganism growth by decreasing the humidity of the environment

 Gehring et al., 2020 ; Herbst, 2000 ). 

Glutaraldehyde was widely used in this study because of its char-

cteristics including high efficiency in inactivation of microorganisms,

ow toxicity to animals, low corrosivity of metal facilities, and stability

 Lin et al., 2018 ). It is an ideal reagent for sterilization of the breed-

ng facilities and precision instruments. Another popular disinfectant is

otassium persulfate complex salt, which is a good product for water-

ine disinfection and fumigation. Its function results from the ability to

xidize oxygen ions with reduced valence state to oxygen. Chlorine then

issolves in water to produce hydrochloric acid and hypochloric acid,

hich will kill the pathogens in cooperation with potassium hydrogen

ulfate ( Ghanizadeh et al., 2015 ; Sonthipet et al., 2018 ). Beside of the

hemicals, it is also recommended to apply flame to the surface of the

nstallations, equipment, wall, and floor ( Delhalle et al., 2008 ). 

In addition, it is should be noted that heavy use of chemicals in farms

ay increase the difficulties in treatment of manure and wastewater

 Vazquez et al., 2018 ). Therefore it is necessary to consider other pre-

ention and control measures simultaneously. 

One of the supplementary measures for disinfection is vacancy. It is

enerally suggested that the pig farms should be fully disinfected and

aid idle for one month, after which sentinel pigs would be kept there for

ne to two months before officially raising pigs ( Technical guidelines ;

hinese Academy of Agricultural Sciences, n.d. ). In this study, 7 or 15

ays of vacancy time was acceptable when it was combined with other
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easures from QPP. However, pigs from the control farm developed

linical symptoms of diarrhea and vomiting at the early stage and was

iagnosed with porcine epidemic diarrhea virus. This result emphasized

hat it is important to do complete disinfection in farms without pigs,

hen leave the farms empty for one to two weeks before bringing healthy

igs in. 

The incubation period of ASFV in pigs is 3 to 21 days ( Animal and

lant Health Inspection Service, 2020 ). In this study, we would assume a

arm was ASFV free if this farm demonstrated no clinical symptoms and

tiology surveillance results were negative for 60 days after breeding

igs. If a positive case of ASF is reported again after 60 days, it would

ndicate that there were loopholes in either the daily management or

he biosafety prevention and control system. During this study, the pigs

ould be qualified for selling or farrowing by testing for ASFV gene in

he specimen of feces or saliva. After more than 60 days of raising, in to-

al 10,080 porkers and 200 sows were sold with negative results in ASFV

ene tests, and 205 sows farrowed without the virus gene in their spec-

men as well. In addition, the virus gene was also undetectable in the

pecimen of the rest of pigs before this article was submitted. However,

here was one farm which reported ASF-like clinical symptoms after 111

ays of feeding. Nasal/oral swab testing of virus nucleic acid also veri-

ed ASFV infection. Which indicated that even though the environment

isinfection procedure was qualified, daily management needed to im-

rove further ( Fig. 5 ) to oversee the farms in real-time, in ways like

ore frequently training employees with standard biosafety protocol

nd maintaining protective walls regularly. 

In addition, keeping herds healthy also depends on prevention of

ommon diseases such as classical swine fever, pseudorabies and foot-

nd-mouth disease, etc. using a comprehensive vaccination program

 Postma et al., 2016 ). At the same time, using good feed is also very

mportant for keeping the swine immune system functioning optimally

 Rakhshandeh et al., 2012 ). Meanwhile, the feed should meet nutritional

equirements of different types of pigs. 

. Conclusion 

As ASFV is still circulating in China, it is urgently necessary to set up

 comprehensive procedure for protection of small-scale pig farms. The

PP in this study started with the construction of protective walls fol-

owed by complete inactivation and disinfection of empty farms until the

SFV nucleic acid tested negative. Then a reasonably long empty period

as set up before bringing healthy pigs in. Thereafter it was combined

ith daily biosecurity management, regular vaccination, and qualified

eeding. The results demonstrated that almost all of the pigs were kept

ealthy during the one-year study. As such, QPP provides a method to

mall-scale pig farms throughout the country for raising pigs under the

nfluence of ASF. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 

RediT authorship contribution statement 

Lang Tian: Writing - original draft, Methodology, Validation, For-

al analysis, Investigation. Yilin Luo: Methodology, Validation, For-

al analysis. Tanqing Wen: Methodology, Validation, Formal analy-

is. Weizheng Yang: Methodology, Validation, Formal analysis. Yulin

hao: Methodology, Validation, Formal analysis. Pan Huang: Method-

logy, Validation, Formal analysis. Hongbo He: Conceptualization, In-

estigation. Jianmin Wu: Resources, Data curation. Zhongsheng Li:

esources, Data curation. Chungen Pan: Conceptualization, Formal

nalysis, Writing - original draft, Writing - review & editing, Supervi-

ion, Project administration. 
cknowledgments 

We wholehearted acknowledge all pig farm owners and individu-

ls that had contributed efforts into this research work. Chungen Pan

as supported by a grant from the Panyu Innovation and Entrepreneur-

hip Leading Team Project ( 2017-R02-4 ). Lang Tian was supported by

uangzhou People’s Livelihood Science and Technology Research Plan -

pecial Project of Urban Modern Agriculture ( 201803020002 ), and R &

 Plan of Key Areas in Guangdong Province - Special project of precision

griculture ( 2019B020218003 ). 

thical Statement and consent of owners 

This study was approved by the ethics committee of animal exper-

ments of Guangdong Haid Group Co., Ltd., and performed with the

nformed consent from the owners of the pig farms. 

eferences 

nimal and Plant Health Inspection Service, U. S. Department of Agriculture.

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/emergency-management/

ct_fad_prep_disease_response_documents . 

hinese Academy of Agricultural Sciences. (March 13, 2020).

http://www.caas.cn/tzgg/zytz/301607.html . 

orreia-Gomes, C., Henry, M.K., Auty, H.K., et al., 2017. Exploring the role of small-scale

livestock keepers for national biosecurity-the pig case. Prev. Vet. Med. 145, 7–15.

doi: 10.1016/j.prevetmed.2017.06.005 . 

ostard, S., Zagmutt, F.J., Porphyre, T., et al., 2015. Small-scale pig farmers’ behavior,

silent release of African swine fever virus and consequences for disease spread. Sci.

Rep. 5, 17074. doi: 10.1038/srep17074 . 

anzetta, M.L., Marenzoni, M.L., Iannetti, S., et al., 2020. African swine fever: lessons to

learn from past eradication experiences. A systematic review. Front. Vet. Sci. 7, 296.

doi: 10.3389/fvets.2020.00296 . 

e Lorenzi, G., Borella, L., Alborali, G.L., et al., 2020. African swine fever: a review of

cleaning and disinfection procedures in commercial pig holdings. Res. Vet. Sci. 132,

262–267. doi: 10.1016/j.rvsc.2020.06.009 . 

elhalle, L., De Sadeleer, L., Bollaerts, K., et al., 2008. Risk factors for salmonella and

hygiene indicators in the 10 largest Belgian pig slaughterhouses. J. Food Prot. 71 (7),

1320–1329. doi: 10.4315/0362-028x-71.7.1320 . 

asina, F.O., Agbaje, M., Ajani, F.L., et al., 2012. Risk factors for farm-level African swine

fever infection in major pig-producing areas in Nigeria, 1997-2011. Prev. Vet. Med.

107 (1–2), 65–75. doi: 10.1016/j.prevetmed.2012.05.011 . 

rom the website of Ministry of Agriculture and Rural Affairs of

the People’s Republic of China. (2019). Technical guidelines.

http://www.moa.gov.cn/ztzl/fzzwfk/fkzs/201909/t20190910_6327657.htm . 

alindo, I., Alonso, C., 2017. African swine fever virus: a review. Viruses 9 (5).

doi: 10.3390/v9050103 . 

allardo, M.C., Reoyo, A.T., Fernandez-Pinero, J., et al., 2015. African swine

fever: a global view of the current challenge. Porcine Health Manag. 1, 21.

doi: 10.1186/s40813-015-0013-y . 

ao, X., Liu, T., Liu, Y., et al., 2020. Transmission of African swine fever in China through

legal trade of live pigs. Transbound. Emerg. Dis. doi: 10.1111/tbed.13681 . 

ehring, V.S., Santos, E.D., Mendonca, B.S., et al., 2020. Alphitobiusdiaperinus control

and physicochemical study of poultry litters treated with quicklime and shallow fer-

mentation. Poult. Sci. 99 (4), 2120–2124. doi: 10.1016/j.psj.2019.11.039 . 

hanizadeh, G. , Naseri Ara, A. , Esmaili, D. , et al. , 2015. Demonstration of the enhanced

disinfection of E. coli water contamination by associated solar irradiation with potas-

sium persulfate. Iran. J. Public Health 44 (10), 1376–1386 . 

eilmann, M., Lkhagvasuren, A., Adyasuren, T., et al., 2020. African swine fever in

mongolia: course of the epidemic and applied control measures. Vet. Sci. 7 (1).

doi: 10.3390/vetsci7010024 . 

erbst, B. , 2000. Sewage sludge treatment with lime. Schr. Ver Wasser Boden Lufthyg

105, 337–340 . 

uszkiewicz, M., Walczak, M., Mazur-Panasiuk, N., et al., 2019. Virucidal effect of chosen

disinfectants against African swine fever virus (ASFV) - preliminary studies. Pol. J.

Vet. Sci. 22 (4), 777–780. doi: 10.24425/pjvs.2019.131407 . 

edkovid, R., Sirisereewan, C., Thanawongnuwech, R., 2020. Major swine viral diseases:

an Asian perspective after the African swine fever introduction. Porcine Health Manag.

6, 20. doi: 10.1186/s40813-020-00159-x . 

im, H.J., Cho, K.H., Lee, S.K., et al., 2020. Outbreak of African swine fever in South

Korea, 2019. Transbound. Emerg. Dis. 67 (2), 473–475. doi: 10.1111/tbed.13483 . 

i, L., Ren, Z., Wang, Q., et al., 2019. Infection of African swine fever in wild boar, China,

2018. Transbound. Emerg. Dis. 66 (3), 1395–1398. doi: 10.1111/tbed.13114 . 

in, W., Niu, B., Yi, J., et al., 2018. Toxicity and metal corrosion of glutaraldehyde-

didecyldimethylammonium bromide as a disinfectant agent. Biomed. Res. Int. 2018,

9814209. doi: 10.1155/2018/9814209 . 

owen, A.C., Mubareka, S., Steel, J., et al., 2007. Influenza virus transmission is de-

pendent on relative humidity and temperature. PLoS Pathog. 3 (10), 1470–1476.

doi: 10.1371/journal.ppat.0030151 . 

yra, T.M. , 2006. The eradication of African swine fever in Brazil, 1978-1984. Rev. Sci.

Tech. 25 (1), 93–103 . 

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/emergency-management/ct_fad_prep_disease_response_documents
http://www.caas.cn/tzgg/zytz/301607.html
https://doi.org/10.1016/j.prevetmed.2017.06.005
https://doi.org/10.1038/srep17074
https://doi.org/10.3389/fvets.2020.00296
https://doi.org/10.1016/j.rvsc.2020.06.009
https://doi.org/10.4315/0362-028x-71.7.1320
https://doi.org/10.1016/j.prevetmed.2012.05.011
http://www.moa.gov.cn/ztzl/fzzwfk/fkzs/201909/t20190910_6327657.htm
https://doi.org/10.3390/v9050103
https://doi.org/10.1186/s40813-015-0013-y
https://doi.org/10.1111/tbed.13681
https://doi.org/10.1016/j.psj.2019.11.039
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0012
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0012
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0012
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0012
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0012
https://doi.org/10.3390/vetsci7010024
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0014
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0014
https://doi.org/10.24425/pjvs.2019.131407
https://doi.org/10.1186/s40813-020-00159-x
https://doi.org/10.1111/tbed.13483
https://doi.org/10.1111/tbed.13114
https://doi.org/10.1155/2018/9814209
https://doi.org/10.1371/journal.ppat.0030151
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0021
http://refhub.elsevier.com/S2666-5174(20)30016-X/sbref0021


L. Tian, Y. Luo, T. Wen et al. Current Research in Microbial Sciences 2 (2021) 100014 

N  

 

O  

 

P  

 

P  

P  

 

R  

 

 

R  

 

 

S  

 

S  

 

S  

 

 

V  

 

W  

 

Z  

 

Z  
ga, B.T.T., Tran Anh Dao, B., Nguyen Thi, L., et al., 2020. Clinical and pathological study

of the first outbreak cases of African swine fever in Vietnam, 2019. Front. Vet. Sci. 7,

392. doi: 10.3389/fvets.2020.00392 . 

lesen, A.S., Lohse, L., Hansen, M.F., et al., 2018. Infection of pigs with African swine fever

virus via ingestion of stable flies (Stomoxys calcitrans). Transbound. Emerg. Dis. 65

(5), 1152–1157. doi: 10.1111/tbed.12918 . 

an, X., Ojcius, D.M., Gao, T., et al., 2020. Lessons learned from the 2019-nCoV epi-

demic on prevention of future infectious diseases. Microbes Infect. 22 (2), 86–91.

doi: 10.1016/j.micinf.2020.02.004 . 

enrith, M.L., Vosloo, W., Jori, F., et al., 2013. African swine fever virus eradication in

Africa. Virus Res. 173 (1), 228–246. doi: 10.1016/j.virusres.2012.10.011 . 

ostma, M., Backhans, A., Collineau, L., et al., 2016. The biosecurity status and its associ-

ations with production and management characteristics in farrow-to-finish pig herds.

Animal 10 (3), 478–489. doi: 10.1017/S1751731115002487 . 

akhshandeh, A., Dekkers, J.C., Kerr, B.J., et al., 2012. Effect of immune system stimula-

tion and divergent selection for residual feed intake on digestive capacity of the small

intestine in growing pigs. J. Anim. Sci. 90 (Suppl 4), 233–235. doi: 10.2527/jas.53976 .

iedel, S., Schiborra, A., Huelsebusch, C., et al., 2012. Opportunities and challenges

for smallholder pig production systems in a mountainous region of Xishuang-

banna, Yunnan Province, China. Trop. Anim. Health Prod. 44 (8), 1971–1980.

doi: 10.1007/s11250-012-0166-5 . 
anchez-Cordon, P.J., Nunez, A., Neimanis, A., et al., 2019. African swine fever: disease

dynamics in wild boar experimentally infected with ASFV isolates belonging to geno-

type I and II. Viruses 11 (9). doi: 10.3390/v11090852 . 

hirai, J., Kanno, T., Tsuchiya, Y., et al., 2000. Effects of chlorine, iodine, and quaternary

ammonium compound disinfectants on several exotic disease viruses. J. Vet. Med. Sci.

62 (1), 85–92. doi: 10.1292/jvms.62.85 . 

onthipet, S., Ruenphet, S., Takehara, K., 2018. Bactericidal and virucidal efficacies of

potassium monopersulfate and its application for inactivating avian influenza virus

on virus-spiked clothes. J. Vet. Med. Sci. 80 (4), 568–573. doi: 10.1292/jvms.17-0599 .

azquez, M.A., de la Varga, D., Plana, R., et al., 2018. Nitrogen losses and chemical param-

eters during co-composting of solid wastes and liquid pig manure. Environ. Technol.

39 (16), 2017–2029. doi: 10.1080/09593330.2017.1347717 . 

ilkinson, P.J., Donaldson, A.I., 1977. Transmission studies with African swine fever

virus. The early distribution of virus in pigs infected by airborne virus. J. Comp.

Pathol. 87 (3), 497–501. doi: 10.1016/0021-9975(77)90038-x . 

hang, D., Wang, X., Zhou, Z., 2017. Impacts of small-scale industrialized swine farming

on local soil, water and crop qualities in a hilly red soil region of subtropical China.

Int. J. Environ. Res. Public Health 14 (12). doi: 10.3390/ijerph14121524 . 

hou, X., Li, N., Luo, Y., et al., 2018. Emergence of African swine fever in China, 2018.

Transbound. Emerg. Dis. 65 (6), 1482–1484. doi: 10.1111/tbed.12989 . 

https://doi.org/10.3389/fvets.2020.00392
https://doi.org/10.1111/tbed.12918
https://doi.org/10.1016/j.micinf.2020.02.004
https://doi.org/10.1016/j.virusres.2012.10.011
https://doi.org/10.1017/S1751731115002487
https://doi.org/10.2527/jas.53976
https://doi.org/10.1007/s11250-012-0166-5
https://doi.org/10.3390/v11090852
https://doi.org/10.1292/jvms.62.85
https://doi.org/10.1292/jvms.17-0599
https://doi.org/10.1080/09593330.2017.1347717
https://doi.org/10.1016/0021-9975(77)90038-x
https://doi.org/10.3390/ijerph14121524
https://doi.org/10.1111/tbed.12989

	A quadruple protection procedure for resuming pig production in small-scale ASFV-positive farms in China
	1 Introduction
	2 Materials and methods
	2.1 Pig farms
	2.2 Disinfectants and equipment (D&E)
	2.3 The QPP
	2.3.1 Construction of “protective walls”
	2.3.2 Procedure of disinfection
	2.3.3 Virus detection
	2.3.4 Comprehensive immunization program
	2.3.5 Standardized feedings

	2.4 Data collection

	3 Results
	3.1 Contamination of ASFV in the pig farms
	3.2 The D&Es and their combination applied in the farms
	3.3 The empty period
	3.4 Successfully raising pigs during one year of observation

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgments
	Ethical Statement and consent of owners
	References


