
The global COVID-19 pandemic, caused by SARS-
CoV-2, dramatically disrupted the lives of per-

sons around the world, resulting in record numbers 
of cases and deaths (1). In the early stages of the pan-
demic, public health measures primarily consisted 
of nonpharmaceutical interventions (NPIs), such as 
social distancing, mask wearing, and contact tracing. 
NPIs are effective in mitigating the epidemic curves 
in various contexts, even without vaccines or specific 
treatments targeting the pathogen (2–4). Since March 

2020, stringent public health measures have been 
implemented nationwide in South Korea, effectively 
suppressing the spread of COVID-19 (5–7).

The effects of NPIs are not necessarily lim-
ited to COVID-19. Because NPIs reduce effective 
contacts within a population, such measures can 
also mitigate other respiratory infectious diseases 
(5,8,9). Likewise, implementation of social distanc-
ing measures (e.g., restrictions on social gatherings 
in restaurants) and improved personal hygiene 
practices can reduce occurrence rates of gastrointes-
tinal diseases (9,10). Mitigation measures targeting  
COVID-19 might even extend beyond human diseas-
es, potentially reducing risks for infectious diseases 
in animals (11–13). Human movement restrictions 
and the global economic crisis have greatly disrupt-
ed farming operations, veterinary services, wildlife 
surveillance, and zoonotic disease control, broadly 
influencing animal health and welfare (11,12). Those 
effects could contribute to outbreaks of major zoo-
notic diseases, such as brucellosis and bovine tuber-
culosis in animal populations, increasing the risk for 
zoonotic spillover (13).

Research on the effects of NPIs implemented dur-
ing the COVID-19 pandemic on other infectious dis-
eases in South Korea has found that reductions in re-
spiratory infections coincided with social distancing 
interventions (14–20). However, the effects of NPIs 
on gastrointestinal diseases were inconsistent. Stud-
ies revealed a notable reduction in viral gastrointesti-
nal infections but no marked decrease in bacterial in-
fections, such as those caused by Campylobacter spp., 
Clostridium perfringens, and Salmonella spp. (10,18,20). 
Decreases in viral gastrointestinal diseases were at-
tributed to the primary transmission route being fe-
cal–oral contamination or direct contact between per-
sons. In contrast, bacterial gastrointestinal infections 
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We investigated trends in notifiable infectious diseases 
in both humans and animals during the COVID-19 pan-
demic in South Korea and compared those data against 
expected trends had nonpharmaceutical interventions 
(NPIs) not been implemented. We found that human 
respiratory infectious diseases other than COVID-19 
decreased by an average of 54.7% after NPIs were 
introduced. On the basis of that trend, we estimated 
that annual medical expenses associated with respira-
tory infections other than COVID-19 also decreased by 
3.8% in 2020 and 18.9% in 2021. However, human gas-
trointestinal infectious diseases and livestock diseases 
exhibited similar or even higher incidence rates after 
NPIs were instituted. Our investigation revealed that the 
preventive effect of NPIs varied among diseases and 
that NPIs might have had limited effectiveness in reduc-
ing the spread of certain types of infectious diseases. 
These findings suggest the need for future, novel public 
health interventions to compensate for such limitations.
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are mainly foodborne illnesses attributable to con-
suming contaminated food or water (21). 

We focused on nationally notifiable infectious 
diseases in humans and livestock, using data col-
lected after 2020. We sought to quantify the effect of 
nationally implemented NPIs in South Korea on the 
trends of infectious diseases other than COVID-19, to 
evaluate the benefits and drawbacks of NPIs, and to 
provide scientific evidence informing future health 
policy decisions aimed at mitigating various types 
of infectious diseases. We focused our study on the 
period from 2016 through the end of 2021, a period 
of social distancing in South Korea instituted in re-
sponse to the COVID-19 pandemic. In the first half of 
2022, NPIs were tapered back, as were their potential 
attenuation effects. To quantify the effect of NPIs in 
South Korea, we built time series models (22) for 6 
respiratory human infectious diseases, 4 human gas-
trointestinal diseases, and 2 livestock diseases. 

Methods

Study Design
We retrospectively analyzed the effect of COVID-19–
associated NPIs on incidence of infectious diseases 
in South Korea. We used the following criteria in 
selecting target infectious diseases from among the 
nationally notifiable diseases: human infectious dis-
eases with a principal mode of transmission that is 
respiratory (airborne or droplets) or gastrointestinal 
(foodborne or via fecal–oral route); animal infec-
tious diseases with a risk for zoonotic transmission; 
and diseases with an annual average incidence >100 
cases. Acknowledging that the effects of NPIs might 
not be fully applicable to certain infectious diseases 
that require isolation after diagnosis or symptom on-
set, we nonetheless theorized that implementation 
of NPIs in a population can potentially suppress the 
spread caused by asymptomatic carriers or infectious 
persons before isolation. We therefore included such 
diseases as target infectious diseases in this study. We 
defined the preintervention period as January 2016–
February 2020 and the intervention period as March 
2020–December 2021. From May 2022 onward, the 
outdoor mask mandate was conditionally lifted.

We used autoregressive integrated moving av-
erage (ARIMA) models to forecast disease incidence 
during the intervention period on the basis of patterns 
in the preintervention period and compared predict-
ed values with observed values in the intervention 
period. The time-dependent reproduction number 
(Rt) affords an optimal understanding of the trans-
mission dynamics of respiratory infectious diseases 

(23). Therefore, we calculated Rt values for respirato-
ry infectious diseases during time series forecasting.

Previous studies investigating the effects of  
COVID-19 and NPIs on other diseases suggest that 
the reduced burden of target diseases during the early 
stages of the COVID-19 pandemic could be attributed 
to pandemic-related decreases in healthcare utilization 
and disease diagnoses (19). To adjust for the effect of de-
creased healthcare utilization, we collected information 
on annual hospital visits (24) and annual health insur-
ance claims (25) (Appendix 1 Table 1, https://wwwnc.
cdc.gov/EID/article/30/6/23-1422-App1.pdf), and 
used those numbers as denominators when calculating 
disease incidence. When calculating incidence rates per 
population, we collected annual midyear population 
data for each year in South Korea (26). We also obtained 
total annual medical expenses associated with each in-
fectious disease to evaluate how changes in disease oc-
currence after NPI implementation might have affected 
the overall disease burden (27). We calculated annual 
medical expenses per case using Health Insurance Re-
view and Assessment Service data from 2018–2021 (27). 
Then, we multiplied expenses per case by the estimat-
ed and observed cases of each disease to determine the 
model-based medical costs and observation-based val-
ues for each disease. We compared those values when 
assessing changes in the overall disease burden.

Social Distancing Measures
In February 2020, in response to the COVID-19 out-
break in China, South Korea implemented a universal 
mask mandate and recommended physical distanc-
ing (Table 1). After the increase in COVID-19 cases 
in South Korea, nationwide social distancing require-
ments were implemented with various restrictions 
starting in March 2020 (28). During the initial phase 
of the COVID-19 pandemic, the Distancing in Daily 
Life strategy was put into practice in South Korea 
(29). After multiple outbreaks occurred near metro-
politan areas, the Distancing in Daily Life strategy 
was restructured on June 28, 2020, into a 3-tier social 
distancing system that consisted of levels 1, 2, and 3 
(Appendix 1 Table 2) (1). In November 2020, the so-
cial distancing system was reorganized into a 5-tier 
structure that consisted of levels 1, 1.5, 2, 2.5, and 3 
(Appendix 1 Table 3). Subsequently, in July 2021, the 
system was modified to a 4-tier structure that consist-
ed of levels 1, 2, 3, and 4 (Appendix 1 Table 4) (29). In 
this study, we documented the policy changes based 
on the 4-tier structure; we did not consider any rapid 
changes within short periods (e.g., 1–2 weeks or 1 
month) because they might not have been adequately 
effective (Figure 1).
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Data Acquisition
We collected data on the weekly and monthly do-
mestic cases of nationally notifiable infectious dis-
eases from the Infectious Disease Portal of the Ko-
rea Disease Control and Prevention Agency (30). To 
minimize sampling bias and ensure that our analysis 
was robust despite the COVID-19–related decrease in 
healthcare utilization, we focused on only infectious 
diseases listed in the mandatory surveillance system. 
We collected records on cases of 6 respiratory infec-
tious diseases (varicella, pertussis, mumps, invasive 
pneumococcal disease [IPD], scarlet fever, and tuber-
culosis [TB]); 4 gastrointestinal diseases (typhoid fe-
ver, shigellosis, hepatitis A, and enterohemorrhagic 
Escherichia coli [EHEC]) that occurred during Janu-
ary 2016–December 2021 (Appendix 1 Table 5).

We collected data from the Korea Animal Health 
Integrated System in investigating animal diseas-
es with zoonotic potential (31). The Korea Animal 
Health Integrated System is a comprehensive system 
operated by the Animal and Plant Quarantine Agency 

that integrates and provides nationwide information 
on livestock diseases. We selected 2 livestock diseases 
(cattle TB and cattle brucellosis) and collected occur-
rence data for January 2016–December 2021 (Appen-
dix 1 Table 5). We focused on cattle TB and cattle bru-
cellosis because those diseases pose risks for human 
infection and annual cases are numerous. We then in-
vestigated the effects of NPIs. We also collected data 
relating to the annual number of livestock and the an-
nual scale of livestock farming (32) when calculating 
incidence rates relative to the livestock population.

Rt Estimation
Rt represents the average number of new infections 
generated by an infected person during the infectious 
period. This time- and context-specific measure is fre-
quently used to assess the transmissibility of a patho-
gen during an outbreak. Therefore, in this study, we 
used Rt to reflect the dynamics of respiratory infec-
tious diseases accurately when estimating the effec-
tiveness of NPIs. We estimated the incidence levels 
of infectious diseases within the population and as-
sessed trends in disease occurrence, except for TB, on 
the basis of Rt. Although TB is a respiratory infectious 
disease, we did not calculate Rt because of the com-
plex transmission routes and long latent period; rath-
er, we used reported cases for time series forecasting 
of tuberculosis. The calculation of Rt was based on ex-
amples from previous studies (23,33–35) (Appendix 
2, https://wwwnc.cdc.gov/EID/article/30/6/23-
1422-App2.pdf).

Time Series Analysis
The ARIMA model is a time series forecasting tech-
nique that incorporates elements of an autoregressive 
moving average when making predictions (22). Au-
toregression of time series data shows how past val-
ues influence the current value. The moving average  
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Table 1. Changes in social distancing policies used in a study of 
trends in nationally notifiable infectious diseases in humans and 
animals during COVID-19 pandemic, South Korea 
Time period and social 
distancing level 

General description of terms 

June 2020–November 2020  
 1 Distancing in daily life 
 2 Moderate social distancing 
 3 Intensive social distancing 
November 2020–July 2021  
 1 Distancing in daily life 
 1.5 Local outbreak initiation 
 2 Rapid local spread, nationwide 

spread initiation 
 2.5 Nationwide outbreak intensification 
 3 Nationwide major epidemic 
July 27, 2021 onward  
 1 Sustained suppression phase 
 2 Regional outbreak 
 3 Regional epidemic 
 4 Nationwide epidemic 
 

Figure 1. Daily numbers of 
confirmed cases and 7-day 
rolling average numbers 
of COVID-19 cases in a 
study of trends in nationally 
notifiable infectious diseases 
in humans and animals during 
the COVID-19 pandemic, 
South Korea. Phase and level 
information is provided in 
Tables 2 and 3. The levels of 
nonpharmaceutical interventions 
depicted in this figure are those 
of the 4-tier system implemented 
in July 2021.
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indicates how prediction errors affect the current 
value. This component adjusts for irregularities in 
the time series by using past prediction errors to cor-
rect the current value. The model is commonly used 
to predict the short-term impacts and trends of acute 
infectious diseases (9,22). Time series forecasting 
based on the Box-Jenkins method features 4 steps: 
identification, estimation, diagnostic checking, and 
forecasting (36). We used those steps when making 
predictions. In addition, we conducted out-of-sample 
validation to confirm the predictive performance of 
the model and ensure that the model had not over-
fitted the training data. In the validation process, 
we used data from 2015–2018 as training data and 
predicted and compared the trends for 2019 with 
the observed values (Appendix 2). We performed 
all data processing and analyses using R version  
4.2.2 (The R Foundation for Statistical Computing, 
https://www.r-project.org). 

Results

Incidences of Human Respiratory Diseases
After nationwide social distancing measures were put 
in place in South Korea in March 2020 (Figure 1), con-
siderable decreases in the weekly reported case num-
bers for human respiratory diseases were observed 
(Table 2). The mean weekly incidence levels (cases/1 
million population) for 2016–2019 varied for each 
disease: varicella, 30.11; pertussis, 0.18; mumps, 6.95; 
IPD, 0.21; scarlet fever, 5.57; and TB, 13.13. However, 
after implementation of NPIs, the mean weekly inci-
dence levels for 2020–2021 substantially decreased, 
and showed slight variations among the phases:  

varicella, 12.09; pertussis, 0.05; mumps, 4.00; IPD, 
0.13; scarlet fever, 0.80; and TB, 9.16. The annual med-
ical expenses associated with respiratory infectious 
diseases decreased by 3.77% in 2020, compared with 
the value calculated using the average estimated in-
cidence; the value decreased by an additional 18.91% 
in 2021 (Table 3). Whereas medical expenses related 
to respiratory infectious diseases exhibited an over-
all decreasing trend, TB-related expenses showed a 
slight increase in 2020; scarlet fever–related expenses 
also exhibited a slight increase in 2021.

ARIMA models (Appendix 1 Tables 7–19, Figures 
1–12) showed that, except for TB, the actual incidence 
of diseases examined during the intervention period 
were substantially lower than the predicted incidence 
(Figure 2, panels A–J, http://wwwnc.cdc.gov/EID/
article/30/6/23-1422-F2.htm). The incidence levels 
of TB were lower than the predicted values, but the 
average predicted values were within 25.6% of the 
numbers of reported cases. Although the average 
predicted values decreased, compared with predicted 
values, after the implementation of social distancing 
measures, the observed incidence remained at levels 
similar to the predicted values from the second half of 
2020 (Figure 2, panels K, L).

Incidence of Human Gastrointestinal Diseases
Unlike for respiratory infectious diseases, the inci-
dence of the 4 gastrointestinal diseases did not ex-
hibit remarkable decreases after the implementation 
of NPIs (Table 2). The mean weekly incidence lev-
els (cases/1 million population) for 2016–2019 var-
ied among the diseases: typhoid, 0.04; shigellosis, 
0.02; hepatitis A, 3.02; and EHEC, 0.05. Although we  
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Table 2. Weekly average incidences of diseases included in study of trends in nationally notifiable infectious diseases in humans and 
animals during COVID-19 pandemic, South Korea* 

Disease 2016–2019 
2020–2021 

Overall Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 
Human, cases/1 million population        
 Respiratory diseases 

       

  Varicella 30.11 12.09 25.76 9.29 9.31 8.27 7.81 
  Pertussis 0.18 0.05 0.17 0.03 0.01 0.01 0.01 
  Mumps 6.95 4.00 3.89 4.28 4.34 3.29 4.21 
  Invasive pneumococcal disease 0.21 0.13 0.28 0.11 0.08 0.1 0.1 
  Scarlet fever 5.57 0.80 2.12 0.76 0.59 0.34 0.21 
  Tuberculosis 13.13 9.16 10.02 9.17 9.31 8.94 8.34 
 Gastrointestinal or enteroviral diseases 

       

  Typhoid 0.04 0.03 0.03 0.05 0.04 0.02 0.03 
  Shigellosis 0.02 0.02 0.03 0.04 0.01 0.01 0.01 
  Hepatitis A 3.02 1.91 1.37 1.58 1.59 2.48 2.53 
  Enterohemorrhagic Escherichia coli 0.05 0.12 0.04 0.23 0.21 0.06 0.06 
Veterinary, cases/100,000 animals 

       

 Bovine tuberculosis 2.19 1.29 1.04 1.82 1.43 1.27 0.91 
 Bovine brucellosis 0.49 0.61 0.41 0.51 0.55 0.83 0.74 
*Detailed information on social distancing policies is provided in Appendix 1 Tables 2–4 (https://wwwnc.cdc.gov/EID/article/30/6/23-1422-App1.pdf). 
Phase 1, border screening policies, February 20–March 21, 2020; phase 2, enhanced social distancing, March 22–June 27, 2020; phase 3, social 
distancing level 1, June 28–August 22, 2020; phase 4, social distancing level 2, August 23, 2020–July 26, 2021; phase 5, social distancing level 4, July 
27–December 31, 2021. 
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observed slight variations among the phases, the mean 
weekly incidence levels for 2020–2021 after imple-
mentation of social distancing measures were as fol-
lows: typhoid, 0.03; shigellosis, 0.02; hepatitis A, 1.91; 
and EHEC, 0.12. Annual medical expenses associated 
with gastrointestinal infectious diseases decreased by 
18.49% in 2020, compared with the value calculated by 
using the average estimated incidence; the value in-
creased by 4.53% in 2021 (Table 3). The trend in medi-
cal expenses associated with gastrointestinal infectious 
diseases varied depending on the specific condition; 
different trends were observed for each disease.

ARIMA models (Appendix 1 Tables 7, 20–27, Fig-
ures 13–20) Showed that the observed incidence lev-
els of gastrointestinal diseases were generally close 
to the average predicted values (Figure 3). Howev-
er, unexpected outbreaks of typhoid and EHEC oc-
curred, resulting in higher observed incidence levels 
than predicted (Figure 3, panels A, B, G, H).

Incidence of Zoonotic Diseases in Animals
Comparisons of the periods before and after imple-
mentation of NPIs revealed contrasting patterns for 
bovine TB and bovine brucellosis (Table 2). The mean 
weekly incidence (cases/100,000 cattle) for 2016–2019 
varied between the diseases: bovine TB, 2.19; and 
bovine brucellosis, 0.49. Although slight variations 
were observed among the phases, the mean weekly 
incidence levels for 2020–2021 after implementation 
of social distancing measures were as follows: bovine 
TB, 1.29; bovine brucellosis, 0.61.

ARIMA models (Appendix 1 Tables 7, 28–31, Fig-
ures 21–24) showed that incidence levels of bovine TB 

were noticeably lower than expected from the end of 
2020 (Figure 4, panels A, B). In contrast, the incidence 
of bovine brucellosis rapidly increased and reached a 
record high in June 2021 (Figure 4, panels C, D).

Discussion
We used national surveillance data on notifiable in-
fectious diseases in South Korea from 2016–2021 
to examine how NPI implementation to control the  
COVID-19 pandemic affected patterns of various oth-
er diseases. We used data from 2016–2019 to develop 
a reliable time series model and then predicted the 
incidence of communicable diseases for 2020–2021 
under the assumption that NPIs had not been imple-
mented. By comparing the model-predicted values 
with observed values, we found that the incidence 
of respiratory infectious diseases decreased consid-
erably after the implementation of NPIs. However, 
the incidence of human gastrointestinal infectious 
diseases and livestock diseases remained comparable 
or even increased after NPIs were implemented. The 
overall medical expenses associated with infectious 
diseases other than COVID-19 decreased by 5.17% in 
2020 and 16.14% in 2021 compared with the predicted 
values (Table 3). Our findings offer valuable insights 
for implementing appropriate control measures dur-
ing future epidemics.

The reductions in and the continuously low in-
cidence levels of respiratory infectious diseases in 
South Korea during the COVID-19 pandemic can be 
attributed principally to the extensive adoption of 
NPIs. Regardless of whether the infectious agent was 
a bacterium (pertussis, scarlet fever, IPD, and TB) or 
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Table 3. Annual medical expenses due to infectious diseases in a study of trends in nationally notifiable infectious diseases in humans 
and animals during COVID-19 pandemic, South Korea* 

Diseases 

Expenses, in million USD 

Observed,  
2018 

Observed,  
2019 

Estimated, 2020 Observed, 
2020 (% 

difference)† 

Estimated, 2021 Observed, 
2021 (% 

difference)‡ 
Lower 
95% Average 

Upper 
95% 

Lower 
95% Average 

Upper 
95% 

Respiratory  
          

 Varicella 5,399 5,590 3,704 7,153 13,548 2,675 (−62.61) 2,692 6,559 16,001 1,971 (−69.95) 
 Pertussis 544 298 44 380 1,171 42 (−88.98) 13 409 1,900 6 (−98.65) 
 Mumps 1,283 1,445 1,203 1,552 2,189 790 (−49.08) 1,066 1,532 2,203 775 (−49.42) 
 IPD 1,988 1,686 1,305 2,920 6,437 1,360 (−53.41) 1,305 3,370 8,717 1,116 (−66.87) 
 Scarlet fever 1,283 691 182 465 947 317 (−31.80) 28 124 567 154 (24.27) 
 Tuberculosis 61,241 63,535 42,695 48,705 55,593 53,681 (10.21) 48,536 59,956 74,117 54,324 (−9.39) 
Subtotal 71,738 73,244 49,134 61,174 79,886 58,864 (−3.77) 53,640 71,951 103,505 58,345 (−18.91) 
Gastrointestinal  

          

 Typhoid 153 41 6 17 62 27 (89.81) 5 22 102 41 (90.625) 
 Shigellosis 36 49 6 22 40 12 (−46.86) 3 21 126 15 (−28.06) 
 Hepatitis A 2,248 27,297 1,477 6,193 22,857 4,820 (−22.17) 1,466 9,407 60,328 9,769 (3.85) 
 EHEC 120 157 94 176 275 364 (106.61) 86 184 388 244 (33.06) 
Subtotal 2,557 27,544 1,583 6,408 23,234 5,223 (−18.49) 1,560 9,633 60,945 10,070 (4.53) 
Total 74,295 100,788 50,717 67,582 103,120 64,087 (−5.17) 55,201 81,584 164,450 68,415 (−16.14) 
*EHEC, enterohemorrhagic Escherichia coli; IPD, invasive pneumococcal disease; USD, US dollars. 
†Difference from average estimates for 2020. 
‡Difference from average estimates for 2021. 
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a virus (varicella and mumps), respiratory infectious 
diseases transmitted via droplets, fomites, or direct 
contact generally exhibited lower incidence levels af-
ter implementation of NPIs; most of those trends per-
sisted until the end of 2021. The sharp decline in the 
respiratory infectious disease incidence after imple-
mentation of NPIs was consistent with the findings of 
previous studies on the occurrence trends of respira-
tory infectious diseases in South Korea (5,15–17,37,38) 
and the findings of studies that focused on respirato-
ry infectious disease patterns in other countries, such 
as China and the United States (9,39–41). 

After NPI implementation, the number of mumps 
cases remained lower than predicted. However,  

beginning in October 2021, the number of cases in-
creased above the expected value. That change can 
be attributed to the nationwide relaxation of school 
attendance criteria in the fall semester of 2021, which 
led to more outbreaks in schools. Mumps is com-
monly observed among adolescents 13–18 years of 
age and frequently spreads in settings where persons 
engage in group activities (e.g., schools) (42). There-
fore, precautions are needed to prevent a mumps re-
surgence after cessation of NPIs.

TB exhibited a slightly different pattern from 
those of other respiratory infectious diseases. In the 
early stages of NPI implementation, the number of 
cases noticeably decreased. However, beginning in 
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Figure 3. Incidence trends (cases/1 million population) in 4 nationally notifiable gastrointestinal infectious diseases in humans before 
and during the COVID-19 pandemic, South Korea. A, C, E, G) Monthly incidence levels retrieved from the national surveillance system 
for 2016–2019 versus 2020–2021; B, D, F, H) observed and predicted monthly incidence levels during 2016–2021. A, B) typhoid; C, D) 
hepatitis A; E, F) shigellosis; and G, H) Escherichia coli.
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the second half of 2020, we saw little or no differ-
ence between the observed and the predicted val-
ues. Reductions in TB notifications in early 2020, 
because of complex factors affecting disease diag-
nosis, have been reported in several countries, in-
cluding South Korea (19,43). However, the effects 
of NPIs known to prevent acute infections were 
limited in suppressing TB cases in South Korea in 
the medium- to long-term because a many cases are 
presumed to arise when latent infections progress 
to active TB disease (19,44). Thus, even if NPIs are 
implemented, the existing strategies focusing on 
prophylactic treatment to prevent new infections 
and treating latent infections to prevent active TB 
onset still need to be incorporated.

The incidence of gastrointestinal diseases did not 
decrease after implementation of NPIs. Studies using 
data from countries such as China (9) and the United 
States (45) revealed notable decreases in most gastro-
intestinal infectious diseases after NPI implementa-
tion. Although the dissimilar contexts hinder direct 
comparisons, differences in the extent of NPIs and ac-
cessibility to medical services might explain the dis-
crepancies. In the early stages of the COVID-19 pan-
demic, China and the United States put in place strict 
social distancing measures and emphasized stay-at-
home orders. In contrast, South Korea used less strict 
policies that focused on personal hygiene measures. 
Therefore, the effectiveness of NPIs in terms of con-
trolling infectious diseases might have varied among 

countries, and the decrease in healthcare facility 
utilization may have been smaller in South Korea 
(18,19,45). In addition, the gastrointestinal diseases 
included in this study were primarily foodborne dis-
eases that commence after consumption of contami-
nated food or water (20). Therefore, the occurrence of 
the foodborne diseases included might not have been 
greatly affected by personal hygiene enhancement or 
social distancing measures.

This study revealed inconsistent temporal trends 
between the 2 target zoonotic diseases in industrial 
animals: bovine TB and brucellosis. The increased in-
cidence of brucellosis was consistent with the prior 
predictions. Social distancing is likely to compromise 
appropriate veterinary care and restrict the logistical 
activities necessary for good livestock management 
(11). Moreover, in South Korea, the number of cattle 
farms increased during social distancing, possibly 
because of the increased profit to be made from beef 
(46). The sudden increases in disease incidence could 
indicate an increased number of inexperienced cattle 
owners, which would influence management quality. 
Because the primary route of brucellosis transmission 
is associated with the mass movement of infected 
cattle (47), inexperienced owners might need to re-
quire better brucellosis screening skills. However, ac-
curate indicators of livestock movement during the  
COVID-19 period could not be collected. In contrast, 
the decreased incidence of bovine TB differed from 
our expectations. One possible explanation is that 
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Figure 4. Incidence trends (cases/100,000 animals) in 2 nationally notifiable zoonotic infectious diseases in animals before and 
during the COVID-19 pandemic, South Korea. A, C) Monthly incidence levels retrieved from the national surveillance system for 
2016–2019 versus 2020–2021; B, D) observed and predicted monthly incidence levels during 2016–2021. A, B) Bovine tuberculosis; 
C, D) bovine brucellosis.
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bovine TB surveillance increased in South Korea; the 
number of cattle screened for bovine tuberculosis in-
fection has risen since 2017, as has the relevant budget 
(Appendix 1 Table 32) (48). Because early detection 
via effective surveillance plays a key role in control-
ling chronic diseases with long latent periods, the 
decreased incidence might be explained by effective 
surveillance efforts.

The first limitation of this study is that the inci-
dence levels of infectious diseases are influenced by 
various factors, including population immunity, sea-
sonal changes, climatic features, and human mobility 
patterns. Thus, drawing causal inferences regarding 
the effects of social distancing measures and changes 
on disease patterns is challenging. We can only inter-
pret and analyze potential influencing factors. Sec-
ond, the observed decreases in the incidence of certain 
infectious diseases might not solely reflect the effects 
of NPIs on incidence rates. The decreases also could 
be influenced by other pandemic-related factors, in-
cluding healthcare utilization. Thus, we examined 
annual hospital visits and health insurance claims 
to adjust for any changes in healthcare utilization. 
However, biases might have persisted in terms of al-
tered healthcare-seeking behaviors and surveillance 
capacities. Moreover, given the strict infection control 
regulations, healthcare utilization by symptomatic 
patients was particularly restricted. Therefore, the 
data on healthcare utilization among all patients con-
sidered in this study might not fully reflect the reduc-
tion in healthcare use by those with symptoms. Third, 
although ARIMA is a well-established and practical 
technology for infectious disease forecasting (22,41), 
the method has limitations in distinguishing various 
factors that affect transmission, such as genetic strain 
and latent infections. Furthermore, ARIMA might not 
be the most appropriate method for long-term pre-
dictions. However, the infectious diseases targeted in 
this study generally exhibit stable trends, with clear 
seasonal variabilities, and the fitted models indeed 
exhibited relatively good fits with the training data 
and reasonably good predictive performances, as 
confirmed by out-of-sample validation. In addition, 
the time-series forecasting models were used in pre-
vious studies to predict influenza virus activity for 
2020–2022 (49), or to estimate excess mortality during 
the COVID-19 period, 2020–2021 (50). Therefore, we 
believe that the reliability of long-term predictions of 
the incidence of the chosen diseases remains robust. 
Thus, we used the ARIMA approach (a descriptive 
method) to present our results. Finally, this study did 
not consider demographic information, such as age 
and sex.

In conclusion, the implementation of NPIs con-
siderably reduced the incidence of infectious diseases 
transmitted via respiratory routes or direct person-to-
person contact in South Korea, a trend that continued 
until late 2021. Although identifying a single factor 
that explains changes in the incidence of all infectious 
diseases is difficult, the concurrent implementation of 
NPIs at various levels (individual, community, envi-
ronmental, and national), along with behavioral chang-
es, likely played a key role in reducing community 
transmission and alleviating the associated healthcare 
burden. Therefore, comprehensive NPI strategies are 
critical public health considerations for controlling in-
fectious diseases and preparing for future pandemics.

The R code used in this study is publicly available 
(https://github.com/TaeHChang/For-the-Paper-4). The 
complete dataset is available upon request from the authors.
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More than 1 million human illnesses re-
sult from Salmonella each year. In February 
2021, public health officials in Oregon and 
Washington, USA, isolated a strain of Sal-
monella enterica serovar Typhimurium from 
humans and a wild songbird. Investigation 
by public health partners ultimately identi-
fied 30 human illnesses in 12 states linked 
to an epidemic of Salmonella Typhimurium  
in songbirds. 
In this EID podcast, Dr. Megin Nichols, a  
veterinary epidemiologist at CDC in Atlanta,  
discusses Salmonella in songbirds and its  
effect on people.


