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What  popula'on-‐based  interven'ons  can  
reduce  the  impact  of  pandemic  and  seasonal  
influenza?    
能够在人群中实施以降低季节性和大流行
流感所造成影响的干预措施有哪些？ 



Vaccina'on  疫苗接种 

Stohr	  2014	  Nature	  



Vaccina'on  in  seasonal  influenza    
季节性流感疫苗接种 
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www.thelancet.com/infection   Vol 16   August 2016 947

Pooled VE against H1N1pdm09 and type B was relatively 
stable across four to fi ve seasons, but VE against H3N2 was 
32–46% before 2013–14, and 10% or less in the subsequent 
two seasons (table 4). In a secondary analysis restricted to 
studies that enrolled patients exclusively in the outpatient 
setting, pooled VE estimates were nearly identical to overall 
pooled VE for each type or subtype (data not shown).

The sensitivity analysis was restricted to the small 
number of high-quality studies that met stringent quality 
criteria.34,53,55,56 This analysis included three VE estimates 
for H3N2 and three for seasonal vaccine against 
H1N1pdm09. Pooled VE for high-quality studies was 41% 
(95% CI 31–50) against H3N2 and 67% (53–77) against 
H1N1pdm09. We further analysed a larger pool of high-
quality studies than the previous pool of studies by using 
less restrictive criteria for documentation of vaccination 
status.15,34,52,53,55,56 These studies included six VE estimates for 
H3N2, seven for H1N1pdm09, and fi ve for type B. Pooled 
VE was 41% (32–49) against H3N2, 57% (44–67) against 
type B, and 69% (58–78) against H1N1pdm09.

Antigenic or genetic characterisation results were 
reported for 19 (56%) of 34 VE estimates for H3N2 in the 

primary analysis. 12 estimates for H3N2 viruses were 
predominately similar to the vaccine reference 
strain.35,41,42,46,47,49,52–54,61 We found six VE estimates for variant 
H3N2 viruses.11,22,58–60,62 For one of the studies with variant 
viruses,59 antigenic results were abstracted from a previous 
publication64 by the same authors. Investigators of one 
additional study43 reported mixed antigenic similarity and 
we excluded it from this analysis. Pooled VE was low 
against both antigenically similar and variant H3N2 
viruses (table 4). Investigators of one antigenically similar 

Vaccine 
type

Pooled VE 
(%)

Pooled 
standard error

VE estimates 
(n)

p value for 
heterogeneity

I²

Type B Seasonal 54% (46–61) 0·083 36 <0·0001 61·3

H3N2 Seasonal 33% (26–39) 0·050 34 0·005 44·4

H1N1pdm09 Seasonal 61% (57–65) 0·048 29 0·783 0·0

H1N1pdm09 Monovalent 73% (61–81) 0·188 10 0·217 31·4

H1N1 (pre-2009) Seasonal 67% (29–85) 0·397 5 0·093 57·6

Data in parentheses are 95% CIs. VE=vaccine eff ectiveness.

Table 2: Pooled VE by type and subtype in studies w ithout age restriction

Figure 4: VE for type B in studies without age restriction
The numbers of cases and controls for each VE estimate are provided in the appendix. VE=vaccine eff ectiveness. 
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Breakthrough  infec'ons  in  vaccinees    
疫苗接种失败而发生的感染 

•  Limited	  evidence	  on	  disease	  
severity	  and	  contagiousness	  in	  
breakthrough	  infec1ons,	  in	  people	  
who	  have	  received	  inac1vated	  
influenza	  vaccine	  



An'virals  抗病毒药物 

•  Oseltamivir	  effec1ve	  in	  symptoma1c	  
influenza.	  Observa1onal	  data	  support	  
effec1veness	  for	  severe	  influenza*	  

•  New	  an1virals	  (e.g.	  Baloxavir	  
Marboxil)	  encouraging†	  

*Dobson	  et	  al.	  2015	  Lancet;	  Kelly	  et	  al.	  2015	  Lancet;	  
Malosh	  et	  al.	  2018	  Clin	  Infect	  Dis;	  Muthuri	  et	  al.	  2014	  Lancet	  Resp	  Med	  

	  
†Hayden	  et	  al.	  2018	  N	  Engl	  J	  Med	  



Treatment  as  preven'on    
以治为防 

•  RCT	  of	  oseltamivir	  treatment	  to	  
prevent	  household	  transmission	  in	  
1190	  households	  in	  Bangladesh:	  
•  23%	  reduc1on	  in	  illness	  in	  household	  
contacts	  (p=0.03)	  

•  16%	  reduc1on	  in	  PCR-‐confirmed	  
influenza	  in	  household	  contacts	  
(p=0.32)	  

Fry	  et	  al.	  2015	  Lancet	  Infect	  Dis	  
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Population-level effects of suppressing
fever
David J. D. Earn1,2, Paul W. Andrews3 and Benjamin M. Bolker1,2,4

1Department of Mathematics and Statistics, 2M. G. DeGroote Institute for Infectious Disease Research,
3Department of Psychology, Neuroscience and Behaviour, and 4Department of Biology, McMaster University,
Hamilton, Ontario, Canada

Fever is commonly attenuated with antipyretic medication as a means to
treat unpleasant symptoms of infectious diseases. We highlight a potentially
important negative effect of fever suppression that becomes evident at the
population level: reducing fever may increase transmission of associated
infections. A higher transmission rate implies that a larger proportion of
the population will be infected, so widespread antipyretic drug use is
likely to lead to more illness and death than would be expected in a popu-
lation that was not exposed to antipyretic pharmacotherapies. We assembled
the published data available for estimating the magnitudes of these individ-
ual effects for seasonal influenza. While the data are incomplete and
heterogeneous, they suggest that, overall, fever suppression increases the
expected number of influenza cases and deaths in the US: for pandemic
influenza with reproduction number R ! 1:8, the estimated increase is 1%
(95% CI: 0.0–2.7%), whereas for seasonal influenza with R ! 1:2, the
estimated increase is 5% (95% CI: 0.2–12.1%).

1. Introduction
For millennia, humans have suppressed fevers without understanding the
potential effects [1,2] beyond the obvious alleviation of symptoms. Antipyretic
drug treatment is extremely prevalent in Western countries—especially by
parents [3], and also by healthcare professionals [4–6]. Even when treatment
is not aimed at fever specifically, fever is likely to be reduced, because most
common drugs that relieve other typical symptoms of infectious diseases also
contain an antipyretic component [7].

Previous investigations of the effects of fever suppression have focused on
the clinical benefits and costs to the individual [8,9]. The adaptive value of
fever [10–13] is well known to immunologists; for example, Janeway’s Immuno-
biology [14, p. 110] notes that ‘At higher temperatures, bacterial and viral
replication is less efficient, whereas the adaptive immune response operates
more efficiently’. Others argue that the adaptive value of fever arises instead
from activation and coordination of the immune response [12]. By contrast,
a common view in the medical community, as expressed for example in
Harrison’s Principles of Internal Medicine, is that the ‘treatment of fever and its
symptoms does no harm and does not slow the resolution of common viral
and bacterial infections’ [15, p. 107]. Here, we consider some population-level
effects of widespread fever suppression, effects that do not appear to have
been investigated previously.

An individual whose fever has been reduced is likely to feel better and
is therefore more likely to interact with others. In addition, fever suppres-
sion may increase both the rate and duration of viral shedding, further
increasing the pathogen’s transmission rate; this effect has been shown
experimentally for influenza in ferrets [16]. A higher transmission rate will
in general lead to larger epidemics [17,18] and hence to greater morbi-
dity and mortality. The increase in epidemic size is larger for more weakly
transmissible pathogens.

& 2014 The Author(s) Published by the Royal Society. All rights reserved.
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Non-‐pharmaceu'cal  interven'ons    
非药物干预措施 

US	  CDC	  guidelines*:	  
•  Social	  distancing	  
•  Self	  isola1on	  with	  flu-‐like	  illness,	  un1l	  
24h	  afer	  fever	  resolu1on	  
•  Cough	  hygiene	  and	  hand	  hygiene	  
•  Clean	  surfaces	  

One	  addi1onal	  measure	  of	  interest:	  
•  School	  closures	  

*	  hgps://www.cdc.gov/flu/consumer/preven1on.htm	  



Limited  benefit  of  
hand  hygiene  and  face  
masks  for  confirmed  
influenza  (but  may  
have  greater  effect  on  
other  respiratory  
pathogens)

that might occur throughout the day. The CDC
recommends that individuals wash their hands with
soap and water for at least 20 seconds, properly
lathering hands, washing soap off, and drying hands
completely or if a sink is not available, to use hand
sanitizer when hands are not visibly soiled [15].
These recommendation are rarely carried out with
high compliance in the general population [79].
Clearly, hand hygiene interventions not only need to
be proven effective, but they also need to be widely
adopted by most of the population if they are to miti-
gate influenza transmission effectively. Given the
existing public health recommendations and guidelines
on using hand hygiene interventions in preventing
influenza transmission [11, 80, 81], the compliance
rate in the community has not yet been well established.
To our knowledge, there are only a few studies explor-
ing interventions to promote hand hygiene practice in
the community [82–86]. Further studies, in this regard,

are warranted in relation to compliance rates of hand
hygiene interventions and the possible interventions
to promote such practices in the community.

In conclusion, hand hygiene interventions have
been, and will continue to be an important component
of the public health response to seasonal and pan-
demic influenza. However, expectations on the impact
of such measures may need to be limited, given the
results of our review indicating only potentially mod-
est effects of this specific intervention. Variation in the
importance of aerosol transmission in different
regions is an intriguing possibility, and could imply
the need for greater focus on alternative control mea-
sures particularly in temperate zones.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S095026881400003X.

Fig. 2. Risk ratios for the effect of hand hygiene interventions with or without facemask on laboratory-confirmed influenza
in studies conducted in developed countries.

928 V. W. Y. Wong and others

Wong	  et	  al.	  2014	  Epidemiol	  Infect	  

Hand  hygiene  and  face  masks



How  do  respiratory  pathogens  spread?    
呼吸道病原体是如何传播的？ 

Wei	  et	  al.	  2016	  Am	  J	  Infect	  Control	  



Unclear  importance  of  aerosols    
气溶胶在病原体传播中的重要性尚未明确 

Contact

Large droplet

Aerosol

Hong Kong
Bangkok

Cause−specific probability

0% 20% 40% 60%

Cowling	  et	  al.	  2013	  Nat	  Comms	  

Results	  of	  an	  analysis	  of	  the	  rela1ve	  contribu1ons	  of	  alterna1ve	  modes	  
of	  influenza	  A	  virus	  transmission	  in	  households	  in	  Hong	  Kong	  



Stay  at  home  if  you  have  a  fever  
出现发烧症状应该留在家里 

Ip	  et	  al.	  2016	  Clin	  Infect	  Dis	  

•  Prospec1ve	  follow-‐up	  of	  household	  contacts	  of	  influenza	  cases	  
•  Fever	  reported	  in	  no	  more	  than	  half	  of	  PCR-‐confirmed	  cases	  

Introduction HH+masks Stay home Comments

Symptoms and signs

Table: Symptoms and signs reported by household contacts with

influenza virus infection confirmed by RT-PCR

Symptom or sign1 sH1N1 sH3N2 pH1N1 B

[n=112] [n=80] [n=17] [n=68]

Runny nose 82.1% 76.4% 64.3% 63.5%

Cough 81.3% 76.4% 85.7% 61.9%

Sore throat 65.2% 58.2% 57.1% 50.8%

Phlegm 60.7% 72.7% 50.0% 57.1%

Fever (� 37.8�C) 45.5% 41.8% 50.0% 31.7%

Headache 42.0% 49.1% 42.9% 41.3%

Muscle pain 41.1% 36.4% 35.7% 41.3%

1. Report of a symptom or sign at any time over the duration of follow up

Ip et al. 2016 Clin Infect Dis

BJC Slide 12



PCR-‐confirmed  asymptoma'c  infec'ons  occur  
存在PCR-确诊的无症状感染 

Ip	  et	  al.	  2017	  Clin	  Infect	  Dis	  

Introduction Transmission Secondary cases Correlates of protection Infectivity Discussion

Symptoms and signs

Table: Symptoms and signs reported by household contacts with

influenza virus infection confirmed by RT-PCR

Symptom or sign1 sH1N1 sH3N2 pH1N1 B

[n=112] [n=80] [n=17] [n=68]

ILI2 41.1% 40.0% 50.0% 30.2%

ARI 85.7% 78.2% 85.7% 69.8%

Pauci-symptomatic3 7.1% 12.7% 14.3% 12.7%

Asymptomatic4 7.1% 9.1% 0.0% 17.5%

1. Report of a symptom or sign at any time over the duration of follow up.

2. ILI is Fever (� 37.8�C) plus cough or sore throat.

3. Pauci-symptomatic is defined as the report of at most 1 of 7 signs or symptoms on any given day.

4. Asymptomatic is defined as the report of 0 signs or symptoms over the duration of follow up.

Cowling et al. unpublished

BJ Cowling Slide 14
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Poten'al  for  pre-‐symptoma'c  transmission?  
病原传播是否可能在症状出现前发生？  

Cowling	  et	  al.	  2010	  N	  Engl	  J	  Med;	  Lau	  et	  al.	  2010	  J	  Infect	  Dis;	  Ip	  et	  al.	  2016	  Clin	  Infect	  Dis	  

•  Prospec1ve	  follow-‐
up	  of	  household	  
contacts	  of	  
influenza	  cases	  

•  Evidence	  of	  pre-‐
symptoma1c	  virus	  
shedding	  in	  some	  
cases	  

•  Asymptoma1c	  
cases	  also	  shed	  
virus	  



School  closures  in  Hong  Kong  香港学校停课 

2008	  
• Moderate	  influenza	  season	  
(co-‐circula1on	  of	  H1N1,	  H3N2	  
and	  B)	  with	  media	  reports	  of	  
a	  few	  pediatric	  deaths	  
•  Schools	  were	  closed	  in	  2nd	  
week	  of	  March,	  1	  week	  
earlier	  than	  scheduled	  Easter	  
holiday	  
• Closure	  afer	  the	  seasonal	  
peak	  did	  not	  have	  an	  
appreciable	  effect	  

School Closures, 2008 Infl uenza Season, Hong Kong

from the school closures. In particular, we noted a decline in 
laboratory isolations of infl uenza viruses that preceded the 
intervention and the lack of association between school clo-
sures and Rt. In fact, sentinel data may not accurately repre-
sent the incidence of infl uenza in the underlying population 
because, for example, other cocirculating upper respiratory 
viruses contribute to overall infl uenza-like illness consulta-
tion rates. Laboratory data, however, should be less affect-

ed, and extra testing in response to the heightened aware-
ness of infl uenza activity might have artifactually lowered 
the positivity rate. The epidemic curves generated from the 
surveillance data showed a decline in cases that may have 
naturally concluded without any intervention. We note the 
diffi culty of making inferences directly from changes in ep-
idemic curves because changes in the epidemic curve may 
lag behind changes in the underlying transmission dynam-
ics by at least 1 serial interval, as has previously been shown 
for severe acute respiratory syndrome (9,11). Although the 
estimates of Rt (panel E) are crude, the estimated values of 
1.2–1.5 during the rising phase of the 2008 winter epidemic 
in Hong Kong are slightly lower than previous estimates 
for interpandemic infl uenza (12,13), perhaps because of the 
low time-dependent resolution of the weekly aggregation 
of surveillance data. 

We emphasize that our results must be interpreted 
with caution; in particular, infl uenza might have contin-
ued to circulate for a longer period had the school closures 
not been implemented. Furthermore, notwithstanding our 
tentative null fi ndings, some previous reports have demon-
strated that school closures may be effective at mitigating 
infl uenza seasons. For example, a study showed signifi cant 
reduction in respiratory infections during school closures 
in Israel (14), and a recent model estimated that school 
holidays prevent 16%–18% of seasonal infl uenza cases in 
France (12).

We acknowledge that our assessment has the benefi t 
of hindsight, whereas at the time the decision was made to 
close schools it might well have been unclear from surveil-
lance data that the infl uenza season was only moderate and 
might have already been in natural decline. Although daily 
hospital admissions data were available in real time from 
a new integrated computer system and therefore did show 
the decline, this system only refl ected serious illness. How-
ever, outpatient sentinel data, which are more indicative of 
overall infl uenza activity in the general community, were 
available with an ≈7-day lag; reports of laboratory refer-
ence data lagged even further. If public health decisions are 
to be made on the basis of prospective surveillance, these 
systems must be improved to refl ect real-time or near real-
time reporting and analysis. One possibility in Hong Kong 
would be to use the wealth of data from rapid infl uenza tests 
in hospitals, now that >1,000 rapid tests are conducted ev-
ery month on most newly admitted patients with pneumo-
nia or respiratory symptoms. Furthermore, although most 
local surveillance data are aggregated (Figure), the spread 
of infl uenza likely varies according to population subgroup. 
For example, infl uenza infections in children cause consid-
erable illness and death, and it is often hypothesized that 
children are affected generally earlier in epidemics because 
of the higher transmission rates (15). Therefore, justifi ca-
tion is strong for local authorities to begin collecting and 
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Figure. Infl uenza surveillance data from December 1, 2007, through 
April 26, 2008, including the 2-week school closure period (gray 
vertical bar): A) Proportion of infl uenza A and B isolations (by date 
of collection) among all children’s specimens that were submitted 
to the World Health Organization (WHO) reference laboratory at 
Queen Mary Hospital (most specimens are referred from local 
hospitals). B) Proportion of infl uenza A and B isolations (by date of 
collection) among all adult patients’ specimens that were submitted 
to the WHO reference laboratory at Queen Mary Hospital. C) 
Weekly infl uenza-like illness (ILI) (defi ned as fever plus cough or 
sore throat) consultation rates in sentinel networks of outpatient 
clinics in the private (GP) and public (GOPC) sectors. D) Weekly 
rates of public hospital admissions in young children (<4 years) 
with a principal diagnosis of infl uenza (International Classifi cation 
of Diseases, 9th revision, code 487), where the denominator is 
the general population of the same age. E) Daily estimates of the 
effective reproductive number based on the laboratory and sentinel 
outpatient data. Source for panels B–D: (7).

Cowling	  et	  al.	  2008	  Emerg	  Infect	  Dis	  



School  closures  in  Hong  Kong,  2009    
2009年香港学校停课 

•  First	  imported	  case	  
on	  1	  May	  2009	  
•  First	  documented	  
“local”	  case	  10	  June	  
2009	  
•  Schools	  closed	  on	  
11	  June	  for	  4	  weeks	  
un1l	  the	  scheduled	  
summer	  break	  

Wu	  et	  al.	  2010	  Emerg	  Infect	  Dis	  
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•  Serologic	  data	  (above)	  and	  lab-‐confirmed	  hospitalisa1ons	  (below)	  

•  School	  closures	  reduced	  transmission	  within	  0-‐12yo	  by	  59%	  (CI:	  
51%-‐70%)	  and	  within	  13-‐19yo	  by	  11%	  (CI:	  2%-‐16%)	   Wu	  et	  al.	  2011	  PLoS	  Med	  

School  closures  in  Hong  Kong,  2009    
2009年香港学校停课 
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Epidemiological week

• Closure	  from	  8	  February	  to	  14	  
February,	  immediately	  prior	  
to	  Chinese	  New	  Year	  holiday	  
from	  15	  through	  24	  February	  
• Reduced	  transmission	  by	  
~16%	  during	  that	  week	  
• Reduced	  overall	  incidence	  of	  
infec1ons	  in	  the	  en1re	  
epidemic	  by	  ~4.2%	  

Ali	  et	  al.	  2018	  Emerg	  Infect	  Dis	  

School  closures,  Hong  Kong,  2018    
2018年香港学校停课 



Final  comments  –  4  of  many  knowledge  gaps  
结语 ‒ 四个主要研究空白 

•  Effec1veness	  of	  non-‐pharmaceu1cal	  interven1ons	  

•  Frequency	  of	  asymptoma1c	  /	  very	  mild	  influenza	  
virus	  infec1ons,	  and	  their	  role	  in	  transmission	  

• Role	  of	  aerosols	  in	  person-‐to-‐person	  transmission	  

• Heterogeneity	  in	  influenza	  infec1ousness	  /	  
transmission	  (“superspreaders”?)	  
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