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Abstract
Background Batch production, a widely implemented production model in large-scale pig farms, was characterized 
by its long-term duration, cost-effectiveness, and efficiency. Nevertheless, the recent occurrence of African swine 
fever (ASF) outbreaks in China has necessitated the implementation of discreet mating operations within this model, 
leading to disruptions in production cycles and substantial indirect losses.

Case presentation This study implemented a novel operational procedure, which involved the division of risk 
areas for zone management and allowed mating operations, in 12 farms experiencing ASF outbreaks. Another 12 
farms were used as a control group, employing the old procedure. Subsequently, the prognoses of both the old and 
new procedures were calculated and analyzed. The findings indicate that the new method resulted in an enhanced 
retention rate and reduced non-productive days (NPD), without impacting the positive detection rate and disposal 
time. Consequently, this approach significantly mitigated economic losses (p < 0.05).

Conclusion The efficacy of the novel procedure in mitigating the indirect economic losses stemming from 
ASF outbreaks, through the reduction of NPD while maintaining retention rates and disposition days, has been 
substantiated. This methodology has demonstrated feasibility in extensive pig farming operations and exhibits 
promise for broader application.

Keywords African swine fever, Non-productive days, Retention rate, Economic loss, Cost implication, Epidemic 
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Background
The concept of batch production was initially introduced 
in 1935 and has since been implemented in extensive 
pig farming operations, demonstrating its long-term 
viability, cost-effectiveness, and efficiency. The merits of 
batch production are manifold. Firstly, it enables precise 
forecasting of production plans in pig farms and grants 
control over the annual number of pregnancies. Sec-
ondly, it enhances the productivity of farmers and opti-
mizes equipment utilization. Lastly, it diminishes the 
yearly replacement rate of sows, thereby decrease the 
biosecurity risks of pig farms. Moreover, this model has 
been found to effectively decrease the NPD of sows and 
enhance their economic worth [1, 2]. Nevertheless, the 
drawbacks of this approach have become evident due to 
the occurrence of ASF outbreaks.

African swine fever virus (ASFV) is an enveloped 
DNA virus, which belongs to the Asfivirus genus within 
the Asfarviridae family [3]. The absence of commer-
cially accessible vaccines or medications against ASFV 
presents growing difficulties for the swine industry. Our 
team has previously demonstrated the effectiveness of 
the “Whole-herd-Sampling, qPCR-based-Testing, and 
Precision-Removal method” for rapid virus clearance in 
ASFV-positive pig farms [4]. Nevertheless, this approach 
is not without its limitations, as it necessitates the com-
plete cessation of production activities within the facility 
during the disposal process, such as mating operations. 
Consequently, this leads to an indirect economic loss as 

there will be no piglets born after a production cycle (114 
days). To mitigate such indirect losses, this study selected 
several farms to conduct a proper Standard Operating 
Procedure (SOP) in the state of production halt during 
the disposal process.

Case presentation
In this study, a total of twenty-four large sow farms, all of 
equal size, were chosen. Each farm consisted of two mat-
ing herds and ten farrowing herds. Each mating house 
accommodated 1200 sows, while each farrowing house 
housed 60 sows, each with an average litter size of 10 
piglets.

In previous approaches to managing outbreaks of 
ASFV, namely SOP 1.0 (Fig. 1), a facility-wide production 
cessation is enforced to contain the further transmission 
of the disease. Concurrently, a thorough detection and 
targeted eradication strategy is implemented, guided by 
the outcomes of qPCR testing conducted on the entire 
population. The incubation period of ASF typically spans 
from 3 to 19 days, with a maximum duration of 21 days 
[5, 6]. Consequently, the resumption of production activ-
ities can only occur following three consecutive rounds 
of comprehensive population testing, with each round 
comprising 7-day intervals. If an ASFV-positive sam-
ple is detected during this period, a new round of test-
ing is initiated. In the context of practical production 
operations, we have identified an operational procedure, 
namely SOP2.0 (Fig.  1), which enables mating activities 

Fig. 1 Flowcharts of SOP 1.0 and SOP 2.0
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to be conducted during ASF outbreaks. This approach 
primarily entails the division of risk areas for effective 
zone management. The specific operational procedure is 
as followed. Firstly, upon discovering an ASFV-positive 
pig, immediate zone management is implemented for 
the pigsty. The high-risk zone includes the areas where 
the positive pig shares the same water trough and gutters 
with other pigs, as well as the areas managed by the same 
farmer in the past week. The remaining areas, sharing 
the same water trough and gutters, are defined as low-
risk zones. Additionally, each zone consists of 120 pigs. 
Secondly, pigs within the high-risk zone are promptly 
isolated within 24  h following the outbreak, and their 
enclosures are treated with disinfectants, such as caustic 
soda. Thirdly, in low-risk zones, all pigs are subjected to 
tonsil swab testing, and if no positive results are detected, 
mating operations are recommenced. It is imperative to 
highlight that tonsil swab testing must be carried out on 
the entire pig population in low-risk zones prior to each 
mating operation. In contrast, the conventional proce-
dure entails conducting a comprehensive herd testing on 
a weekly basis following an outbreak. Mating operations 
are only reinstated when the entire herd consistently 
yields negative results for a duration of three consecutive 
weeks.

Based on the aforementioned approaches, a compara-
tive analysis was conducted on the prognosis outcomes 
of 24 herds that had encountered ASFV outbreaks. Out 
of these herds, 12 farms employed the SOP 1.0 method, 
while the remaining 12 farms implemented the SOP 2.0 
method. The assessment primarily focused on several 
indicators, namely the days of epidemic disposal (DED), 
the overall count of positive detections, the retention 
rate, the NPD, the economic loss and the cost implica-
tions associated with the two approaches. The monetary 
value of RMB 5,500 per sow is determined based on the 
number of pigs present in these farms and the average 
price of pigs. Based on the number of pigs present in the 
farms and the average market value of pigs, specifically 
RMB 5,500 per sow and RMB 300 per piglet, the eco-
nomic loss resulting from a 5% decrease in sow popula-
tion can be calculated as 1200 × 2 × 5% × 5500, amounting 
to 660,000 RMB. Consequently, the formula for calcu-
lating the direct economic loss is expressed as follows: 
the economic loss (ten thousand yuan) = 66×N, where N 
equals (1 - the retention rate) divided by 5%. Additionally, 
considering the production rhythm of these farms, where 
120 litters of piglets are slaughtered on a weekly basis, the 
economic loss incurred for each additional week of NPD 
can be determined as 120 × 10 × 300, equaling 360,000 
RMB. Consequently, the formula for calculating the indi-
rect economic loss is expressed as follows: the economic 
loss (ten thousand yuan) = 36×M, where M represents the 

NPD divided by 7 and multiplied by 36, with M being an 
integer.

Moreover, the evaluation of each approach also takes 
into account the associated expenses. As the dispar-
ity between SOP 1.0 and SOP 2.0 primarily lies in the 
methods used for disposing of mating herds, we solely 
consider the costs related to mating herds in this cal-
culation. The expenses for disposal procedures mainly 
encompass the cost of sampling tools, labor expenses for 
sampling, testing fees for samples, and additional man-
agement costs. Sampling tools incur a cost of RMB 1 per 
pig. Each person’s labor cost for sampling amounts to 
RMB 2.5 per pig. The testing fee for each sample is RMB 
6. Hence, the aggregate expenditure for sampling and 
testing per pig amounts to RMB 9.5. Within the SOP 1.0 
disposal procedure, the primary expenses pertain to sam-
pling and testing, encompassing a comprehensive herd 
examination on a weekly basis, while no supplementary 
costs are necessitated for management. Consequently, 
the formula for calculating the cost linked to SOP 1.0 for 
every farm is expressed as follows: the cost (ten thousand 
yuan) = 9.5 × 2400×WED (weeks of epidemic disposal) 
/10,000, wherein WED is derived from DED, and if its 
value is less than one week, it shall be considered as a 
week for calculation purposes.

Within the SOP 2.0 disposal procedure, the primary 
expenses are attributed to the costs associated with sam-
pling, testing, and additional management. Firstly, it 
is necessary to determine the number of sows required 
for farrowing based on the mating week batches, which 
amounts to 120 sows. Assuming an average farrowing 
rate of 90%, the number of sows to be mated per week is 
calculated as 120/90%≈133, which are distributed across 
two zones. Consequently, a total of 240 pigs from the two 
zones must be sampled and tested on a weekly basis. Fur-
thermore, the implementation of SOP 2.0 necessitates 
the allocation of additional labor resources to manage 
more independent zones to avoid cross-transmission of 
ASFV. Typically, the management of two mating herds 
necessitates the presence of eight individuals. However, 
in the context of SOP 2.0, these two herds are partitioned 
into twenty zones, thereby necessitating an additional 
twelve personnel. Each person is remunerated with a 
daily wage of RMB 200. Consequently, the formula for 
calculating the cost linked to SOP 2.0 for every farm is 
expressed as follows: the cost (ten thousand yuan) = 
(9.5 × 240×WED + 12 × 200×DED) /10,000.

All the data were subjected to statistical analysis using 
the unpaired t-test in the GraphPad Prism software (ver-
sion 8.0).

The results revealed that during the epidemic period, 
as shown in Fig.  2A, the average DED in farms follow-
ing SOP 1.0 was 43 days, while in farms implementing 
SOP 2.0, it was 38 days, indicating a 5-day reduction in 
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disposal time compared to SOP 1.0 (p>0.05). Secondly, 
farms adhering to SOP 1.0 exhibited a lower number 
of positive detections compared to farms implement-
ing SOP 2.0 (p>0.05), suggesting that the implemen-
tation of zone managements effectively mitigated the 
risk of cross-contamination and virus spread within 
the farms (Fig.  2B). Thirdly, the retention rate of pigs 
in farms implementing SOP 2.0 exhibited a significant 
increase compared to those adhering to SOP 1.0 (p<0.01) 
(Fig.  2C), aligning with the findings of positive detec-
tions. This observation further implies a decrease in 
direct economic losses incurred from the culling of pigs 
due to the epidemic (Fig. 2E). Fourthly, the outcomes of 
NPD analysis demonstrated that the implementation 
of SOP 2.0 significantly reduced the duration of non-
productive days during the epidemic period (p<0.001) 
(Fig. 2D), facilitating the optimal utilization of sow pro-
duction capacity and mitigating indirect economic losses 
associated with the epidemic. Fifthly, as shown in Fig. 2E 
F, the results of both direct and indirect economic losses 
showed that farms adhering to SOP 2.0 experienced sig-
nificantly reduced economic losses compared to those 
following SOP 1.0 (p<0.01). Finally, as shown in Fig. 2G, 
the costs of SOP 2.0 were also significantly lower than 
those of SOP 1.0, indicating a better choice of SOP 2.0 for 

adoption. Above all, the rigorous implementation of SOP 
2.0 enables uninterrupted production operations during 
an ASF outbreak, thereby effectively mitigating the sub-
stantial losses incurred by covert production and con-
currently reducing the cost implications during disposal 
procedures.

Discussion and conclusions
ASF has been detected in China for a duration exceed-
ing five years, commencing in August 2018. Its rapid dis-
semination throughout the entire country has emerged as 
a significant peril to the domestic pig industry in China 
[5, 7]. In light of the various modes of transmission of 
ASF among pigs [8–10], our research team proposed 
the “Whole-herd-Sampling, qPCR-based-Testing, and 
Precision-Removal method” to address ASFV infection 
in large-scale pig farms [4]. The successful implementa-
tion of this technique has demonstrated the potential 
for remediation, even in instances where ASFV breaches 
biosecurity barriers and infiltrates farms. In the context 
of batch production models, outbreaks of ASFV can 
result in not only direct economic losses, such as the cull-
ing of pigs, but also indirect economic losses. These indi-
rect losses include disruptions in production rhythms, 
decreased reproductive performance due to missed 

Fig. 2 Comparative analysis of the prognosis results with two SOPs. (A) The DED, (B) the count of positive detections, (C) the retention rate, (D) the NPD, 
(E) the direct economic loss, (F) the indirect economic loss, and (G) the cost implications
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breeding periods, increased annual culling rates of sows, 
and reduced survival rates of piglets in farrowing herds 
[2, 11, 12]. It is worth noting that these indirect losses 
can even exceed the direct losses in terms of economic 
impact.

The implementation of this novel approach (SOP 2.0) 
has effectively eradicated the virus from pig populations 
across 12 farms, while concurrently ensuring uninter-
rupted production, thereby safeguarding normal produc-
tion operations and controlling the epidemic. Adhering 
to the operational protocols outlined in SOP 2.0 and 
accurately demarcating and managing distinct zones 
during the epidemic period can substantially mitigate 
the adverse consequences of ASF outbreaks. The pivotal 
element of this procedure lies in segregating areas and 
meticulously designating breeding zones exclusively for 
safe production operations. The inclusion of zone man-
agement in the ASF prevention and control guidelines 
by the World Organisation for Animal Health (OIE) has 
been previously documented [13]. Furthermore, the 
application of SOP 2.0, while adding additional man-
agement costs of more independent zones, significantly 
reduces the total expenses by significantly reducing 
sampling and testing costs. This study adopts a regional 
division approach that takes into account the specific 
characteristics of ASFV transmission. The division of 
zones is determined by the transmission characteristics 
of ASFV, considering the highly contagious nature of 
the virus [14]. Consequently, shared water troughs and 
manure passages are treated as a single zone. Further-
more, the disinfection and inactivation of the virus in the 
environment are deemed equally crucial aspects to con-
sider. The aerosol transmission of ASF has also gained 
attention among farmers [15, 16]. Consequently, it is 
imperative to consider future measures aimed at eradi-
cating the virus present in aerosols. Furthermore, this 
study has presented a relationship model linking eco-
nomic losses, retention rates, and NPD, thereby offering 
a valuable reference for assessing the economic losses of 
ASF.

In conclusion, the implementation of SOP 2.0 has dem-
onstrated its efficacy in mitigating indirect economic 
losses resulting from ASF outbreaks and decreasing the 
expenses of disposal processes, while maintaining reten-
tion rates and disposition days unaffected. This approach 
has been successfully validated in pig farming operations 
and exhibits promising prospects for wider application.
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