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Table 1. Seropositive rate of influenza virus in swine workers (SW) and common household population (CHP)

Univariable analysis Multivariable regression analysis
SW (n = 338) CHP (n = 230)
No. % No. % Pvalue, aOR (95% CI) SW versus P
Strain (genotype) positive  positive  positive  positive ¥ CHP value
SW/HN/0B/11 (G1 EA H1IN1) 22 6.5 5 22 0.017 3.02 (1.1 to 8.19) 0.030
Controls for possible cross-reactivity with pdm/09 2.60 (0.93 to 7.23) 0.068
HIN1
SW/SD/1207/16 (G4 EA HIN1) 35 10.4 10 44 0.009 2.60 (1.24 to 5.45) 0.012
Controls for possible cross-reactivity with pdm/09 2.25 (1.05 to 4.83) 0.038
H1N1
A/Michigan/45/2015 (pdm/09 H1N1) 31 38.8 73 31.7 0.087 1.38 (0.96 to 1.99) 0.082

Boldface indicates a statistically significant difference (P < 0.05). Model covariates: gender, age group, and collection year.
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Table S8. Characteristics of swine workers upon enrolment and odds ratios for seroprevalence of e
reference strains WFIEE 5L REAF
% Pos (No. positive) | OR (95% CI)* » A TNE
Group (No. total)  SW/HN/08/11 (G1) SW/SD/1207/16 (G4) A/Michigan/45/2015 (pdm/09) YU F N G4
Gender EA HIN1 &9
Male (202) 6.9(14)]1.2(0.5-29) 10.9(22)|1.2(0.6-2.4) 41.1(83)|1.3 (0.8-2.0) 5t b igﬁég@ﬁ
Female* (136) 5.9 (8) |Ref 9.6 (13) |Ref 35.3 (48) | Ref A LNTX 7
Age (years) I OWNTH
18-35 (44) 9.1(4) |1.6(0.55.2) 20.5°(9)|3.2(1.3-7.7)  54.5(24)| 2.2 (1.1-4.1) L, BAED
3645 (51) 7.8(4) |1.4(04-44) 157(8) |2.3(1.0-57) 39.2(20)|1.2 (0.6-2.2) Z L2, G4 EA

#

> 45* (243) 5.8 (14) | Ref 7.4 (18) | Ref 35.8 (87) | Ref HINI ™ 1 L%
Collection year X, HEDOE b
X 821220770 10180760 3556007 0413 A7y
2018 (128) 55(7) |1.2(0.4-44) 11.7(15)]|1.9(0.7-5.0) 42.2 (54) | 1.0 (0.6-1.8) r7 A /;/ /; ; 7 j
*Qdds ratio and 95% confidence interval compared to the control group. “ R LIPS
"Boldface indicates a statistically significant difference compared with the control group (P < 0.05). B bDThH
#Control group. n., oFh. A
Fig. 10 : EL2&H0MBEEMBRERERE DA VTN

FU s F o TIE
G4 EAHIN1 UV 4 VAJEGENDHE R EIFTTHIENTERNEND Z 2:7‘:0
U T, WFFEE HIXLL EOWIGERE BI1E. G4 EA HIN1 N7 X )b b MIZIT#ERNL D Z k?bn“%ékb\o
Wiia XTI HLDOEELT TS, SHIT, & M G4EAHINI | JAZQ%& G4 EAHIN1 O AR s
*@%i@\tbﬁf@ﬂy?‘/ﬁﬁjxﬁﬁﬁioto
. Bz, BET ZRITTHATL TV D G4 EA HINT ¥ ¢ L 2 2 Rl ICHIE L, BIRFZ OB Z T
e{é?é< ffﬁb G4EAH1N1 TANANRE NEITORCT I v 7 ERD ) A7 H KBS EDI0ERH S,

ﬂ

GAN A AELT-E LEEALDIT!
TRAE - b W)

http://k.sina.com.cn/article 5399531800 141d6511801900gjw0.html

PNAS : Chinese scientists discovered a new type of recombinant influenza virus
in pigs, which has all the basic characteristics of a pandemic in the population |
Scientific Discovery
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More than 10 million people have been infected and more than 500,000 people have died. The COVID-19 has not
yet shown signs of slowing down.

The world after 2020 is full of disturbing sense of uncertainty because of the novel coronavirus.

Today, a research team led by Gao Fu, director of the Chinese Center for Disease Control and Prevention, and Liu
Jinhua, director of the Department of Preventive Veterinary Medicine of China Agricultural University being published
in the well-known journal “Proceedings of the National Academy of Sciences of the United States of America (PNAS)”
has increased our uneasiness by a few points.

The results of this study found that a recombinant influenza virus, G4 EA H1N1, which has been dominant in
swine herds since 2016, already has all the basic characteristics of a pandemic in the population 'l. For
example, it can infect cells of the human respiratory system, can be spread by droplets, and it has low cross-
reactivity with human influenza vaccine strains. What is more worrying is that serological surveys show that
the infection rate of G4 EA H1N1 virus in the population is increasing.

Based on this, the researchers suggest that the epidemic of G4 EA HIN1 virus in swine should be quickly controlled,
and the situation of the breeders should be closely monitored.

<<Figure 1>> Screenshot of the paper’s first page

Influenza A virus (IAV) is a global virus that can infect humans, various mammals and poultry.

Influenza virus recombination is the main reason for generating new viruses with new antigens and
biological characteristics. Such recombination may cause catastrophic human pandemic diseases.

Pigs are often regarded as a "melting pot" for the production of viruses with pandemic potential 2!, because
swine influenza viruses, avian influenza viruses and human influenza viruses can infect pigs. After these three viruses
infect pigs at the same time, they can easily exchange genes and reorganize into new viruses. The 2009 HIN1
flu (pdm/09) is a good example 341,

Therefore, continuous monitoring of swine influenza viruses (SIVs) is essential to prevent the pandemic of the virus
among the population.

<<Figure 2>> A nasal swab test for a piglet (Source: sciencemag.org)

The Eurasian avian-like (EA) HINI swine influenza virus (EA HIN1) was discovered in 2001 and subsequently
became the main virus circulating in Chinese swine herds. In 2009, pdm/09 H1N1 caused pandemic among the
human beings, then had spread to pigs all over the world 1. This backhaul has led to the emergence of new
viruses recombined with swine influenza viruses EA HIN1 and pdm/09 HIN1 in some regions. There have even been
sporadic successors [ 71,

However, the scientific community currently lacks understanding of the prevalence, biological characteristics, and
infectivity of the recombinant virus in the population.

<<Figure 3>> Influenza A virus (Source: wiki)

To solve this problem, the research team led by Gao Fu and Liu Jinhua analyzed more than 30,000 swine nasal swab
samples collected in 10 provinces from 2011 to 2018.

Researchers have isolated a total of 179 swine flu viruses. After analyzing the genes encoding hemagglutinin
(HA protein) and neuraminidase (NA protein) on the surface spike proteins of the virus, the researchers found that 165
were EAHINI, and 7 were pdm/09 HIN1. This shows that EA H1N1 is the main subtype in China, and although
pdm/09 H1N1 was originated in pigs, it is no longer suitable for breeding in pigs. In addition, the separation
ratio of EA HINT1 in sick pigs increased from 1.4% in 2011 to 8.21%.

In order to understand the phylogenetic evolution of EA HINI, the researchers selected a total of 77 viruses for
whole genome sequencing according to the time and place of virus isolation. Then compare these sequences with all
pig and human EA HINT viruses in the same time period. From the analysis results, after 2013, the genome diversity
of EAH1N1 swine influenza virus increased.

<<Figure 4>> Evolution of EA H1N1

In order to study the evolution of the virus, the researchers conducted molecular clock phylogenetic analysis and
genotyping analysis.

According to the genealogical classification, EA HIN1 viruses from 2011 to 2018 can be divided into six genotypes,
G1-G6. Among them, G1 is pure EA HIN1, and other genes are replaced or mutated by some genes.

<<Figure 5>> Changes of different genotypes of EA H1N1 over time

It is not difficult to see from the above picture that the pure G1 EA H1N1 almost disappeared after 2014. The
G4 EA H1N1 has soared from 2016 and became the mainstream. Specifically, the G4 EA HIN1 virus has the
HA and NA genes of the EA HIN1 virus, the M gene of the pdm/09 HIN1 virus, the viral ribonucleoprotein (VRNP)



gene, and the non-structural (NS) gene of the TR HIN1 virus.

In order to assess the zoonotic potential of G4 EA HIN1, the researchers selected four representative G4 EA HIN1
strains, which were compared with two G1 EA HIN1 strains and one pdm/09 HIN1 strain.

The researchers’ first finding was that the high-affinity binding receptor for G4 EA H1N1 is SAa2,6Gal, which
is the same as pdm/09 H1N1. The researchers believe that this is a key prerequisite for G4 EA HIN1 infection of
human cells.

Subsequently, the researchers used human bronchial epithelial (NHBE) cells and alveolar epithelial (A549) cells,
two main target cells for influenza virus infection, to study the replication of G4 EA HIN1.

Overall, the replication capacity of G4 EA HINI is similar to that of pdm/09 HIN1, and stronger than the pure swine
influenza virus G1 EA HIN1. This shows that G4 EA HIN1 can replicate efficiently in human airway epithelial cells.

<<Figure 6>> EA H1N1 replication ability in different cell lines

With the above cell research data, we can then carry out research on infectivity and transmissibility in ferrets, a model
animal that studies influenza viruses. The results of the study are somewhat surprising.

G1 EAHINI and pdm/09 HIN1 only caused mild clinical symptoms in ferrets. The clinical symptoms of ferrets
infected with G4 EA H1N1 are severe, such as fever, sneezing, wheezing, coughing, etc., and the body
weight will also drop from 7.3% to 9.8%.

Autopsy and histopathological examination revealed that G4 EA H1N1 virus-infected lungs have more severe
lesions than G1 EA H1N1 or pdm/09 H1N1 virus-infected lungs, such as obvious multifocal mergers,
bleeding, and edema and showed more severe peribronchitis and bronchial pneumonia.

<<Figure 7>> Pathological test results of EA H1N1 infected ferret

How did G4 EA HINI1 spread among ferrets?

The results show that G4 EAH1N1, like pdm/09 H1N1, can be spread through direct contact and respiratory
droplets. The G1 EA H1N1 cannot be transmitted in two ways.

Based on this, the researchers believe that G4 EA H1N1 has the ability to easily infect humans.

<<Figure 8>> EA H1N1 propagation capability detection

Can G4 EA HIN1 jump from pigs to humans to achieve cross-species transmission?

In order to clarify this issue, the researchers conducted serological tests in the farmer population. From 2016 to 2018,
a total of 338 farmer serum samples from 15 farms were collected. In addition, 230 serum samples from ordinary
families were collected as a control group.

The test results disturbed the researchers.

Of the 338 breeding blood samples, 35 were positive for G4 EA H1N1, accounting for 10.4%:; the control
group also had 10 positive samples, accounting for 4.4%. After controlling the cross-reaction of pdm/09 HIN1, the
difference between the two groups was still significant.

<<Figure 9>> Serum test results

Subsequently, the researchers analyzed the relationship between the year, age and gender of serum collection and the
prevalence of G4 EA HIN1 virus serum. Among the farmer groups, the seropositivity rates of G4 EA H1N1 virus
in 2016, 2017 and 2018 were 6.7%, 11.7% and 11.7%, respectively.

In addition, it is worth noting that the seroprevalence rate of breeders between the ages of 18 and 35 is 20.5%, which
is significantly higher than that of other age groups. There is no difference between different genders. In addition, it is
worth noting that the seroprevalence rate of farmers between the ages of 18 and 35 is 20.5%, which is significantly
higher than that of other age groups. There is no difference between different genders. The researchers believe that
these data indicate that young pig farmers are at higher risk of contracting the G4 EA H1N1 virus.

<<Figure 10>> Serological test results of different populations

At the end of the study, the researchers also examined whether the existing influenza vaccine can protect humans
from infection with G4 EA HINI. Unfortunately, the G4 EA H1N1 virus differs in antigen from current human
influenza vaccine strains. This also means that the current flu vaccine cannot protect humans from infection
with the G4 EA H1N1 virus.

Overall, the researchers believe that the above findings support the hypothesis that G4 EA HIN1 can be passed from
pig to human. Moreover, after human infection with G4 EA H1N1, it will further enhance the adaptability of G4
EA H1N1 to the human body and increase the risk of virus pandemic in the population.

Therefore, we should quickly control the G4 EA HIN1 virus that is currently circulating in pigs, and closely monitor
the situation of pig farmers to reduce the risk of G4 EA HIN1 virus pandemic in the population.

May G4 not come to chaos.



Edit: Shen Daodao

LIl U-F(i':l:‘@%ﬁj( LTI L oo
PNAS: ZE ! hERFAFAEME S LRI M R EH RN, CH
AR NIRRT B FITAT ZEARFAE | B2 KRB

FHRE & k.sina.com.cn 2020-06-30 20:00  RJFE: GHRM

i 1000 5 NGy, 8 50 ST NIET, Bd iR A ML T R

2020 4 LU M S OB a2 e 1 i AN 2 AN E 1 -

AR5 B A TR 93 7 42 ] o 2 A v A o RNk DR S T 25 = 2 2 A X g M AT FROTE 7E LA, 35 44 3]
HI CGRERFABEBER) (PNAS) EREZRIB TR, SCRIRATMA LI 1 L0

XTI, —M B 2016 FRURERER D S ESMAMNERRERE G4 EAHINT, ELREHETHEAR
RRTATRIT A EARFE" . Bre A8 AR RGN, 7T LB G, DA e 5 AR bk (9
JEAE O MR . AR NG R, MISSE AR, G4 EA HINL R BEAE N ARG R AE G I -

ET G, WA GV SORE R G4 EA HIND B EEAERERE P 00IRAT, & U1 FREEN R B 1L«

E1: X EREE

HRFURNEE (TAV) SEREERAR . ML & M BRIERI 5

TR B EEAH S 7 A B W HU R AN A YR A AR R 0 B, XM A T R SR RV BN SERIRAT IR
T o
#, EEHNAEFREAEXRITENREN “KEF” Y, BV REHE T & R EE A AU S 4 7T LU
Q. R=MRERINBRREZE, MERMSSEMIIRER, EHMHHS. 2009 4F HINL FUE (pdn/09) B
R MRIFIBIE™ "

P BRI EE (STVs) BEATRPERIEIN, X B os 35 A6 N Hh RiitAT Bk B 2

E2: HNEHERKTHRN (BE: sciencemag. org)

KKK E Y (eurasian avian—like, EA) HINI BE7EREE (EA HINDD KRBT 2001 5, [ 5 e NTE H R B
WATHI X295 . 2 2009 ERIEHE, FEABEPARITH pdm/09 HINT XA R & MERES E . X%, &
F— e X H BB 3 EA HIND 1 pdm/09 HINT S PR #E. SEEW T EEMEAIES ",

Ak, HuiRlE RS IXMEARERRATEN . AR, DLUEE NP R R = T R,

E3: RERRFES (ER: wiki)

RN T RGRIXA AR, AR A 4 AT R ST BA T T M 2011 £E 3 2018 4EH], fE4E 10 MEREN 3 Ji£
A A Ny = N

RN R R BE 179 NMERBIRS . gl 8 R 2 5 A At = (HA E D MM RE (NA E D
M2 5, BEFN ORI 165 A2 EA HINL, 548 7 A& pdm/09 HINT. XEER EAHINT 2 EFEMT R,
M pdm/09 HIN1 BREFETH, EERNECKFENAERENERET . i, MA EA HIN1 EFEFHTES
EEM 2011 £ERD 1.4% , LEFHZF 8.21%.

NT THEEA HINL MRGR BN, HFFEN DRI/ B R A A, SR 77 PR EE AT A 2L R A 7 .
SR K I e 7 41 5 R — N (8] BERT A (R RN EA HINL IR EE6 E b i ok, 2013 £z fG, EAHINT 3
RBURS L FEB DM .

4: EAHINT gk

RNT TR R, BERN R OGEAT T 78 KGR G 2 B AR R R RRAE 70 4T

R4 R 502, 2011 42 2018 4E 1 EA HIN SR EE AT PLAR i G1-G6 7S ANFER A, Hodr G1 /2 4B 1E % EA HINT, 3
it 35 D] Y 1) A R e S K] e A B R B AR R

5: EAH1IN1 FEEFEBKERE R 1L

M EEAHERH, 2014 £ F4EIER G1 EAHINT JLFERT . 1M G4 EAHINT M 2016 SFF- G 2T, 1R
RNER. BEAAKE, G4 EA HIN1JREEHIAE EA HINT JHEEAT HA AT NA JEIR, pdm/09 HINT J558E A0 M 3 DRR 25 4% Bl 1%
T (VRNP) JE[A, DA TR HIND SRERIAESE ) (NS) JEMHA.

TVl G4 EA HINL M NESLBIE Ty, W FE N ik 7 DOPRACERYER) G4 EA HINL, S5P9#k Gl EA HINL FI—#Fk
pdm/09 HINT fft 7RI



HANREZE—NKIZE, G4 EA HIN1 ISFEMNEEFHZ SAa2, 6Gal, 5 pdm/09 HINT —#F. BN GLIA
N, AKX G4 EA HINT BEHe NARGH B I G 8 AT 2 25 1

B, WEFRCN RIS B (NHBE) Ay b R (A549) 4 A i R it B 75 e i) = R0 4 i, #F
JT 7 G4 EA HINL [ 6150 .

MR, G4 EAHINT EHIEEHS pdm/09 HINT FB{X, 3B F4EIE RIS R BURE G1 EAHINT., X Ui, G4
EA HINT 7] PAYE NSJE - R 4 b ey 3= il o

6: EA HIN1 FERREHE AT E HIEE

A7 LA R EEE, BT OREAT LATER 5T R B AR B S SR B T R R R R A L T

AL R L2 DA AL AZ .

G1 EA HINT Al pdm/09 HINT RAEEIRG EolE 7 EMANIRARGER B3 G4 EAHINT WERIGRERRTET,
FlIaNHIR L %, BHE, . ZHE, MEKELS BT 7.3%F) 9.8% N EA T,

R AA LR AT R I, G4 EAHIN RS RERAAIAEEL G1 EAHINT 8¢ pdm/09 HIN1 S SRR E B E
RmEE, GINBREMNZHMEHX, Himfk, HERUEECFENISERABRMIZSEMK.

7: EAHINT BAERENFERNER

HS G4 EA HINL A2 U076 5 58 2 (AL 4R e 2

WAL RER, G4 EA HINT 5 pdm/09 HINT —#F, #ATLUSIT B A A B MIERE CKE#E. ™ G1 EA
HIN1 R EEBd i L35

T, HIREARINA, G4 EAHINT BeE R GRS A %K.

8 EA H1IN1 & 3%&E a9

A8 G4 EA HIN1 A FEREANREMNEREBI AT & L, SEILESYIRAE 5 e ?

AT FEERIEA S, PN RETEE N REA T MiEEAI . M 2016 F£2) 2018 &, FLRET 16 MG
K 338 4 FEh N MG REAR . BbAh, IEIREE T 230 473K B I8 5 i A0 M5 FE AR X R4 .

For il 45 A LA AN UK BIA %2

1F 338 S FEAGHIIHES, B 35 4% G4 EA HIN1 2[R, &Eb 10.4%; XHRBHAF 10 K 2PEM%E, Htt
4.4%. TEFEH] pdm/09 HINT IR RN Z J5, P2 2 SRR R .

B9 mEiLER

BEJE, BEFCABOUAHT T LT RAELE G | SRS RIPE IS G4 EA HINL 2 ML TEAT 2006 R o ZESTBA BB,
2016 £, 2017 4512018 £ G4 EAHIN1 BN ILIERMR N F A 6.7%. 11.7%F 11.7%.

S, AR, 18 5% 35 DX AMER BT RISy 20, 5% B350 T HAFRA, R
PERIZ IR 2 5. BRI, XEaRRY, FRMNFEARBS G4 EAHINT BENRRKS.

10: RAEIABHIILEFRMER

MBS, BFFCA FOEIRER T A (0 11 5 A 7 A% T 0 G4 BA HINL. BRI, G4 EA HINI
FRTESUR_E 5 H TR TSR A R . Bk, H 0 MR f R A R0 A4 TR G4 BA HIND %
TF o
SR, FFFA RALL EIOTFF 46, 4% G4 BA HIND A R (48 Ao, T HL, AJRZE G4 EA HINI 2
G, iR G4 EA HINL R AREOERIYE, 0 e AT KU BRI

I, A TRz ] B iE 7B RAT 1O G4 BA HINL 575, JF R bIMA 208 A BLAONE 5L, R4S G4 BA HINI
35 8 20 ATRE PR JRE A0 KU

J&E G4 ASSREREL
Y AT ) ]

20200630D G4 EA HINT : HEMHA MBI DI RETIMSFKR ! : PNAS(HREER)



