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Abstract:
Objective From November 24 to December 9, 2013, an outbreak of the influenza (flu) A (H3) virus oc-

curred in a tertiary-care university hospital (1,014 beds). We herein report the prophylactic effect of anti-flu

agents for controlling the flu outbreak.

Methods We administered pre- or post-exposure prophylaxis with anti-flu agents in flu outbreak. To test the

effectiveness of prophylaxis in a flu outbreak, we used the posterior mean of the reproductive value during

the pre- and post-intervention period. We also simulated the probability distribution of new flu cases. We per-

formed an analysis to quantify the strength of the intervention effect.

Results A total of 97 people were diagnosed with flu before the intervention, and 7 were diagnosed after

the intervention. A molecular analysis of the flu virus revealed that this outbreak was due to the flu A (H3)

virus. A total of 3,702 people received prophylaxis. There was a significant reduction in the reproductive

value from 1.89 [95% confidence interval (CI), 1.59 to 2.24] to 0.65 (95% CI, 0.02 to 1.00) after the inter-

vention (p<0.001).

Conclusion Prophylaxis with anti-flu agents, along with prompt identification and isolation of infected indi-

viduals, was effective in reducing the impact of a flu outbreak in a hospital.
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Introduction

Influenza (flu) outbreaks have been reported worldwide

throughout the past century. While flu itself can lead to

death, mortality can also occur during a flu outbreak due to

secondary bacterial infections, specifically pneumococcal

disease (1). Particularly among the elderly, flu outbreak is a

regular occurrence during the annual flu season, despite high

rates of flu vaccination (2). Flu outbreaks are also common

in medical facilities, and attack rates vary from 25% to

70% (3-5).

In recent years, the main strategy for flu outbreak preven-

tion has been annual flu vaccination. Previous studies have

shown that flu vaccination provides around 30% protection

against illness and is approximately 40% effective at pre-

venting hospitalization and 60% effective at preventing

death (6, 7). The Japanese Association of Infectious Disease

recommends the use of anti-flu agents as prophylaxis for

healthcare workers and patients (8), as clinical studies have

shown that neuraminidase inhibitors, such as oseltamivir and

zanamivir, are effective in preventing flu (9, 10) when used

as primary or post-exposure prophylaxis in healthy

adults (11-14). However, the effectiveness of prophylaxis

with anti-flu agents during a flu outbreak has not been well

documented.

We experienced an outbreak of flu A virus in 2013 that

occurred in a tertiary-care university hospital. Several cases

of flu infection were transmitted from patients to healthcare

workers and other patients. The aim of our study was to as-
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sess the effectiveness of prophylaxis with anti-flu agents

during a flu outbreak in a hospital.

Materials and Methods

Protocols and management

A suspected flu case was defined as flu-like illness (tem-

perature �38.0℃ with cough or sore throat) with an onset of

symptoms within 7 days after close contact with a flu pa-

tient. During the outbreak in 2013, all persons with sus-

pected flu infection were screened with the real-time

reverse-transcriptase polymerase chain reaction (RT-PCR)

assay. Flu patients were isolated in our hospital or given

home leave to prevent transmission. Contact tracing was

performed to identify those with close contact with flu pa-

tients.

Prophylaxis with oseltamivir at 75 mg twice a day or

zanamivir at 2 blisters twice a day, was administered for a

period of 5 days after close contact with flu patients. More

substantial prophylaxis was instituted when cases were pre-

sent in many units. Interactions between affected units and

other units were reduced during the outbreak.

The infection control committee at our hospital approved

the pre- and post-exposure prophylaxis regimen at a thera-

peutic dosage (oseltamivir at 75 mg twice a day for 5 days

and zanamivir at 2 blisters twice a day) to prevent the emer-

gence of resistance to anti-flu agents (15). Written informed

consent was obtained from all individuals prescribed the

prophylaxis agents.

The epidemiologic investigation

Our investigation of the outbreak was approved by the

Aichi Medical University Hospital committee. In addition,

oral assent was provided by all others during the surveys. In

each suspected case, a nasopharyngeal swab was obtained

within one to two days of the onset of symptoms. Testing

was continued until no further symptomatic patients or

healthcare workers were identified. In addition, to confirm

nosocomial transmission, medical records of the contacted

patients were reviewed. We then investigated any underlying

co-morbid illnesses, the treatment, and the timing of isola-

tion as precautions.

The molecular diagnosis and sequencing

Laboratory confirmation of suspected cases was per-

formed via an RT-PCR assay or viral culture. Nasopharyn-

geal swabs were collected, re-suspended in 2.0 ml of viral-

transport medium, and sent for RT-PCR testing, all within a

24-h period. The RT-PCR assay involved protocols with flu

A (H3) forward-reverse primer sets and a probe (QIAampⓇ

Viral RNA Mini Kit and QuantiTectⓇ Probe RT-PCR Kit;

QIAGEN, Tokyo, Japan).

The cost evaluation

We evaluated the medical costs, such as the costs of pro-

phylaxis and certain tests regarding the treatment for flu,

during the outbreak. All costs were reported in Japanese

Yen.

Statistical analyses

We calculated the probability distribution of the fitted

model from the start of intervention as described below. An

analysis was used to quantify the strength of the intervention

effect. We distinguished the effects of prophylaxis from that

of sending workers home for the outbreak. We also tested

the hypothesis of a reduction in infection rates after the start

of our intervention.

Following the statistical argument of a previous

study (16), we assumed that each case of flu A (H3) led to

new cases, distributed as a Poisson variate with a mean of λ
or λθ in the absence or presence of intervention, respec-

tively, as well as a specific form for the generation interval.

The λ variable represents the reproductive value in the ab-

sence of intervention and λθ the reproductive value after in-

tervention. The time between the onset of primary and sec-

ondary cases was independently distributed with a discre-

tized gamma distribution, which we parameterized from the

posterior mean and variance of the gamma distribution fitted

to the data provided by Moser (17). The posterior distribu-

tion of the parameters conditional on the data was taken to

be proportional to this, i.e., a pseudo-objective improper flat

prior on the parameters λ and λθ was assumed. Therefore,

this analysis was performed within the Bayesian paradigm

using improper flat priors on the parameter space, i.e., p

(λ, θ) 1 if λ>0 and θ>0, and 0 otherwise; the likelihood

function has a finite integral, and so the posterior is

proper (18). The posterior distribution is estimated via

Markov chain Monte Carlo integration (19). The hypothesis

of an effect θ<1 is assessed via posterior hypothesis prob-

abilities (20) by direct calculation from the posterior sample

of p (θ>1, data). The analysis was performed according to

the Bayesian paradigm (18) and with the use of the statisti-

cal programing language R.

Results

Outbreak

The numbers of cases of flu A (H3) during the outbreak

in 2013 are shown (Figure). At the start of the outbreak, one

patient tested positive for flu. Four more patients hospital-

ized in the same room showed the same symptoms as the

index patient and were confirmed to be infected on day 2.

Sixteen more patients were confirmed to be infected on day

3 in different wards. We recommended that all healthcare

workers receive prophylaxis from day 5. Consequently, 97

people were diagnosed with flu (48 confirmed with PCR,

and 49 diagnosed based only on symptoms), and 3,702

(hospital personnel: n=2,680, patients: n=771, students and

patient attendants: n=251) were given oseltamivir or

zanamivir for prophylaxis during the flu outbreak. In addi-
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Figure.　The numbers of cases of influenza A (H3) during outbreak are shown. The predicted num-
bers of cases based on the assumptions that the apparent effect of the interventions was due to either 
chance alone or to sending personnel home rather than to the prophylaxis of anti-influenza agents are 
also shown in circles. The I bars indicate the 95% confidence intervals of the predicted values.

●: No control, ○: Home leave only

tion, we restricted new admissions to our hospital for 14

days.

Rates of infection and efficacy of interventions

Before the start of oseltamivir or zanamivir prophylaxis or

other interventions, the proportion of flu patients was

1.42%. After intervention, the infection rate was reduced to

0.23% (p<0.001).

We used mathematical modeling to investigate the effect

of the interventions on the course of the outbreak. If we

considered only confirmed cases, the global estimate of the

reproductive value before intervention was 1.92 [95% confi-

dence interval (CI), 1.59 to 1.89]. There was a significant

reduction in the reproductive value after intervention (0.65;

95% CI, 0.02 to 1.00; posterior hypothesis probability, p<

0.001).

To test the effectiveness of prophylaxis in the flu out-

break, we simulated the probability distribution of new flu

cases. We estimated two distributions with the posterior

mean of the reproductive value during the pre- and post-

intervention period (Figure). These distributions represented

what we would expect if the clear efficacy of the interven-

tions was due to chance alone or due to the isolation meas-

ures rather than the oseltamivir and zanamivir prophylaxis.

There was the large discrepancy between these distributions.

The sharp drop in the rate of flu infection was therefore

deemed to be due to prophylaxis as well as isolation.

The cost evaluation

During the flu outbreak, prophylaxis with oseltamivir and

zanamivir was found to have prevented 3,702 flu cases. The

total cost for prophylaxis and rapid tests was ¥10,510,000

during the outbreak. The total cost for prophylaxis was

¥10,320,000. The number of rapid tests for flu was 273, and

the cost was ¥190,000.

In this case, the flu virus was transmitted to many wards,

so more substantial prophylaxis was instituted. Our mathe-

matical models indicated that all medical staff and patients

would have been infected by 13 days after the initiation of

the flu outbreak if the intervention had not been imple-

mented. The cost of the anti-flu agent would then exceed

¥12,711,000 if we prescribed only oseltamivir as prophy-

laxis to all medical staff and patients in our hospital. There-

fore, our hospital would have lost at least ¥2,201,000 plus

the cost of PCR for flu tests.

Discussion

Several studies have examined both the clinical and eco-

nomic benefits of prophylaxis with anti-flu agents (21, 22).
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However, few studies have estimated the efficacy and the

cost of prophylaxis of anti-flu agents when an outbreak hap-

pens at a single hospital. Anti-flu prophylaxis strategies have

been predicted to be effective in some mathematical models.

However, data are still needed to document their actual ef-

fectiveness during an outbreak. We therefore describe our

experience in responding to outbreak of flu A (H3) virus in

our hospital. We also evaluated the role of prophylaxis in at-

tenuating the transmission of the virus and its economic im-

pact.

Several uncertainties still remain concerning prophylaxis

with anti-flu agents. Van der Sande et al. observed no pro-

tective effect of post-exposure oseltamivir prophylaxis

among Dutch nursing home residents (21). They therefore

recommended only close observation of residents and the

early start of therapy in case of disease during flu outbreaks.

The development of resistance when using neuraminidase

inhibitors is also unknown. However, the prophylactic usage

of oseltamivir is now indicated to manage flu outbreaks for

all nursing home residents, as the duration of flu outbreaks

was shown to be the shortest in nursing homes where pro-

phylaxis with oseltamivir was given to all residents (22).

However, the threshold for initiating neuraminidase in-

hibitor prophylaxis has not been well defined. A previous

study showed that early prophylaxis with amantadine re-

duced the flu incidence. This strategy also reduced the mor-

tality rate in outbreaks at long-term care facilities (23).

Among those in contact with flu patients, the use of prophy-

laxis with oseltamivir has shown protective efficacy (24, 25).

At our hospital, we recommend that all medical staff mem-

bers take prophylaxis agents within 48 h of contact with flu

patients. We have not experienced any similar flu outbreaks

since the outbreak in 2013 in our hospital. We therefore feel

that the prophylactic use of anti-flu agents may be justifiable

for protecting against flu strains. This strategy may also pro-

tect particularly vulnerable populations in closed or semi-

closed environments, such as elderly patients.

In addition, our mathematical models indicated that all

medical staff and patients would have been infected by 13

days after the initiation of the flu outbreak if no intervention

had been implemented. The cost of anti-flu agents would

then be at least ¥12,711,000. In the flu outbreak of 2013,

the total cost for prophylaxis and rapid tests was

¥10,510,000. In addition, our hospital experienced a reduced

income ¥91,080,000 (mean ¥6,505,714/day) due to the re-

striction of any new admissions to our hospital for a 14-day

period, compared with the same period in last year (Novem-

ber 26 to December 9, 2012). Furthermore, 95.8% of the

workers (1,806/1,885) in our hospital received a flu vaccina-

tion in 2013, and the total cost of the vaccine was

¥1,896,300. As a result, this flu outbreak had a huge eco-

nomic impact. Our experience is thus considered to support

the use of prophylaxis with neuraminidase inhibitors during

a flu outbreak.

Limitations associated with this study include the fact that

the data were observational and that many interventions

were applied in the outbreak. However, it would have been

difficult to use prophylaxis as the sole control measure, due

to external pressure to do everything possible to halt trans-

mission and the spontaneous social-distancing measures peo-

ple take. Furthermore, it is impossible to conduct non-

intervention and non-pharmaceutical intervention in a real-

world setting. It is also important to consider that all com-

puter simulation models are simplifications of real life and

cannot reflect every possible event that might result from flu

infection. We therefore assumed that each case of flu A (H3)

led to new cases in accordance with the statistical methods

of previous studies (16).

In conclusion, our experience supports the use of large-

scale anti-flu prophylaxis during a flu outbreak. The strategy

may be able to slow or halt the spread of flu infection in

outbreak. Prophylaxis with oseltamivir and zanamivir can

also ease the economic impact of a flu outbreak.

The authors state that they have no Conflict of Interest (COI).

References

1. Writing Committee of the WHO Consultation on Clinical Aspects

of Pandemic ( H 1 N 1 ) 2009 Influenza. Bautista E,

Chotpitayasunondh T, et al. Clinical aspects of pandemic 2009 in-

fluenza A (H1N1) virus infection. N Engl J Med 362: 1708-1719,

2010.

2. Monto AS, Rotthoff J, Teich E, et al. Detection and control of in-

fluenza outbreaks in well-vaccinated nursing home populations.

Clin Infect Dis 39: 459-464, 2004.

3. Thompson WW, Shay DK, Weintraub E, et al. Mortality associ-

ated with influenza and respiratory syncytial virus in the United

States. JAMA 289: 179-186, 2003.

4. Gaillat J, Chidiac C, Fagnani F, et al. Morbidity and mortality as-

sociated with influenza exposure in long-term care facilities for

dependent elderly people. Eur J Clin Microbiol Infect Dis 28:

1077-1086, 2009.

5. Morens DM, Rash VM. Lessons from a nursing home outbreak of

influenza A. Infect Control Hosp Epidemiol 16: 275-280, 1995.

6. Jefferson T, Rivetti D, Rivetti A, Rudin M, Di Pietrantonj C,

Demicheli V. Efficacy and effectiveness of influenza vaccines in

elderly people: a systematic review. Lancet 366: 1165-1174, 2005.

7. Monto AS, Hornbuckle K, Ohmit SE. Influenza vaccine effective-

ness among elderly nursing home residents: a cohort study. Am J

Epidemiol 154: 155-160, 2001.

8. The Japanese Association for Infectious Discases. [Pandemic Influ-

enza Practice Guidelines (First edition)] [Internet]. [cited 2017

May 18]. Available from: http://www.kansensho.or.jp/guidelines/pd

f/090914soiv_teigen2.pdf (in Japanese)

9. Booy R, Lindley RI, Dwyer DE, et al. Treating and preventing in-

fluenza in aged care facilities: a cluster randomised controlled

trial. PLoS One 7: e46509, 2012.

10. Jackson RJ, Cooper KL, Tappenden P, et al. Oseltamivir,

zanamivir and amantadine in the prevention of influenza: a sys-

tematic review. J Infect 62: 14-25, 2011.

11. Hayden FG, Atmar RL, Schilling M, et al. Use of the selective

oral neuraminidase inhibitor oseltamivir to prevent influenza. N

Engl J Med 341: 1336-1343, 1999.

12. LaForce C, Man CY, Henderson FW, et al. Efficacy and safety of

inhaled zanamivir in the prevention of influenza in community-

dwelling, high-risk adult and adolescent subjects: a 28-day, multi-

center, randomized, double-blind, placebo-controlled trial. Clin



Intern Med 57: 497-501, 2018 DOI: 10.2169/internalmedicine.8854-17

501

Ther 29: 1579-1590, 2007.

13. Lee VJ, Yap J, Cook AR, et al. Oseltamivir ring prophylaxis for

containment of 2009 H1N1 influenza outbreaks. N Engl J Med

362: 2166-2174, 2010.

14. Monto AS, Pichichero ME, Blanckenberg SJ, et al. Zanamivir pro-

phylaxis: an effective strategy for the prevention of influenza types

A and B within households. J Infect Dis 186: 1582-1588, 2002.

15. Baz M, Abed Y, Papenburg J, Bouhy X, Hamelin ME, Boivin G.

Emergence of oseltamivir-resistant pandemic H1N1 virus during

prophylaxis. N Engl J Med 361: 2296-2297, 2009.

16. Cauchemez S, Boelle PY, Donnelly CA, et al. Real-time estimates

in early detection of SARS. Emerg Infect Dis 12: 110-113, 2006.

17. Moser MR, Bender TR, Margolis HS, et al. An outbreak of influ-

enza aboard a commercial airliner. Am J Epidemiol 110: 1-6,

1979.

18. Lee PM. Bayesian Statistics: An Introduction, 3rd ed. Wiley, Ho-

boken, 2009.

19. Gilks WR, Richardson S, Spiegelhalter D. Markov Chain Monte

Carlo in Practice. In: Chapman and Hall/CRC, London. 1995.

20. Cook A, Marion G, Butler A, Gibson G. Bayesian inference for

the spatio-temporal invasion of alien species. Bull Math Biol 69:

2005-2025, 2007.

21. van der Sande MA, Meijer A, Sen-Kerpiclik F, et al. Effectiveness

of post-exposition prophylaxis with oseltamivir in nursing homes:

a randomised controlled trial over four seasons. Emerg Themes

Epidemiol 11: 13, 2014.

22. Gorišek Miksi�N, Urši�T, Simonovi�Z, et al. Oseltamivir pro-

phylaxis in controlling influenza outbreak in nursing homes: a

comparison between three different approaches. Infection 43: 73-

81, 2015.

23. Rubin MS, Nivin B, Ackelsberg J. Effect of timing of amantadine

chemoprophylaxis on severity of outbreaks of influenza a in adult

long-term care facilities. Clin Infect Dis 47: 47-52, 2008.

24. Hayden FG, Belshe R, Villanueva C, et al. Management of influ-

enza in households: a prospective, randomized comparison of

oseltamivir treatment with or without postexposure prophylaxis. J

Infect Dis 189: 440-449, 2004.

25. Welliver R, Monto AS, Carewicz O, et al. Effectiveness of

oseltamivir in preventing influenza in household contacts: a ran-

domized controlled trial. JAMA 285: 748-754, 2001.

The Internal Medicine is an Open Access article distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2018 The Japanese Society of Internal Medicine

Intern Med 57: 497-501, 2018


