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Risks and Benefi ts Associated With Anti-
biotic Use for Acute Respiratory Infections: 
A Cohort Study

ABSTRACT
PURPOSE Antibiotics are frequently prescribed for acute nonspecifi c respiratory 
infections (ARIs), presumably to avoid small risks of progression to serious bac-
terial illness. However, even low risks of associated adverse drug events could 
result in many such events at the population level. Our objective was to assess 
the risks and benefi ts of antibiotic use in a cohort of patients with ARIs, com-
paring outcomes of patients who were prescribed antibiotics with outcomes of 
patients not receiving antibiotics. 

METHODS We used a June 1986 to August 2006 cohort of adult patients with 
ARI visits from a UK primary care database. Exposure was an antibiotic pre-
scribed with the visit. Primary outcomes were hospitalization within 15 days for 
(1) severe adverse drug events (hypersensitivity, diarrhea, seizure, arrhythmia, 
hepatic or renal failure), and (2) community-acquired pneumonia.

RESULTS The cohort included 1,531,019 visits with an ARI diagnosis; prescrip-
tions for antibiotics were given in 65% of cases. The adjusted risk difference for 
treated vs untreated patients per 100,000 visits was 1.07 fewer adverse events 
(95% CI, –4.52 to 2.38; P = .54) and 8.16 fewer pneumonia hospitalizations 
(95% CI, –13.24 to –3.08; P = .002). The number needed to treat to prevent 1 
hospitalization for pneumonia was 12,255.

CONCLUSIONS Compared with patients with ARI who were not treated with anti-
biotics, patients who were treated with antibiotics were not at increased risk of 
severe adverse drug events and had a small decreased risk of pneumonia hospi-
talization. This small benefi t from antibiotics for a common ambulatory diagnosis 
creates persistent tension; at the societal level, physicians are compelled to reduce 
antibiotic prescribing, thus minimizing future resistance, whereas at the encounter 
level, they are compelled to optimize the benefi t-risk balance for that patient.

Ann Fam Med 2013;11:165-172. doi:10.1370/afm.1449. 

INTRODUCTION

O
n average, every individual in the United States and Europe is 

prescribed oral antibiotics once every 6 months to 3 years.1-8 

It is doubtful that we have such a high exposure to any other 

prescription drug class.9 Not surprisingly, antibiotics are among the most 

common drugs implicated in adverse drug events,10-13 mostly through case 

reports without an unexposed control group.14

Acute nonspecifi c respiratory infections (ARIs) account for more than 

2 million UK and 46 million US adult outpatient visits annually.5,15-17 

Unlike acute localized infections of primarily bacterial cause (eg, bacte-

rial sinusitis, streptococcal pharyngitis),18-20 studies have failed to show a 

clear benefi t from antibiotics for these conditions (eg, acute nasopharyn-

gitis, acute bronchitis).21,22 Many of these studies were relatively small and 

potentially underpowered to detect small but clinically signifi cant ben-
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efi ts,21,23-25 which could include faster disease resolution 

or prevention of progression to more serious bacterial 

infections, such as community-acquired pneumonia. 

Given the high incidence of ARI, even a small relative 

benefi t might translate into a large public health effect.

Numerous practice guidelines23,26-29 recommend 

against antibiotic treatment for ARIs, but about one-

half of US and UK adults with ARI diagnoses receive 

antibiotic prescriptions.4,5,17,22 Many clinicians and 

their patients must believe that the potential benefi ts 

of antibiotics outweigh the risks for ARIs, but the 

true risks of benefi t and harm from antibiotic treat-

ment vs no treatment remain unknown within this 

context. Although randomized clinical trials can set an 

upper limit on the magnitude of benefi ts and harms, 

randomized trials large enough to quantify these rare 

outcomes are impractical. An alternative strategy is to 

compare risks and benefi ts in situations in which anti-

biotic prescribing decisions are based, at least partially, 

on nonclinical factors, such as patient expectation or 

physician practice patterns.

Our objective was to use outpatient ARI visits to 

estimate the risks of both subsequent serious adverse 

drug events and community-acquired pneumonia, com-

paring antibiotic-exposed with unexposed patients. By 

limiting the assessment to patients with similar condi-

tions, we promoted comparability between exposed 

and unexposed patients. Our hypotheses were that 

patients treated with antibiotics have a small, but mea-

surable, increased risk of a serious adverse event and a 

decreased risk of hospitalization for pneumonia when 

compared with untreated patients.

METHODS
This retrospective cohort study used data from the 

UK’s The Health Improvement Network (THIN, 

owned by CSD Medical Research UK), a large pri-

mary care electronic medical record database with 

longitudinal prescription and outcome data.30-33 Data 

are reviewed on an ongoing basis for quality and com-

pleteness.30,34-36 We accessed THIN data from practices 

meeting acceptable standards for research data collec-

tion as of September 2007. We identifi ed all primary 

care visits with Read diagnostic codes for ARIs (a cod-

ing system similar to International Classifi cation of Diseases 

codes; Supplemental Appendix, Table A1, available at 

http://annfammed.org/content/11/2/165/suppl/

DC1) between January 1, 1985, and December 

31, 2006, among permanently registered continu-

ously enrolled adults (18 years and older). We excluded 

codes for diagnoses often attributed to a bacterial 

origin for which guidelines recommend antibiotics (eg, 

community-acquired pneumonia, acute exacerbations 

of chronic bronchitis).18-20 Because data from multiple 

visits within the same illness episode may be highly 

correlated, visits were grouped if they occurred within 

a 2-week period.

The exposure of interest was an oral antibiotic pre-

scription within 1 day of the ARI visit, including drugs 

typically used for respiratory tract infections. We 

excluded drugs used for tuberculosis and for fungal 

and parasitic infections. Any antibiotic prescription 

within an illness episode of grouped visits counted as 

a single exposure. The primary window during which 

we considered the patient to be antibiotic exposed was 

within 15 days after the visit, regardless of prescrip-

tion duration.37

Hospital admissions were identifi ed using the 

THIN source fl ags suggested by CSD Medical 

Research UK to detect overnight hospital admis-

sions. The primary outcome was a severe adverse 

event within 15 days after the index visit, defi ned 

as overnight hospitalization with 1 of the following 

diagnoses: cardiac arrhythmia, diarrhea, hepatic toxic-

ity, hypersensitivity, phototoxicity, renal toxicity, or 

seizure37 (Supplemental Appendix, Table A2). The 

primary pneumonia outcome was hospitalization for 

pneumonia within 15 days following the ARI visit, 

defi ned using diagnostic codes for community-acquired 

pneumonia (Supplemental Appendix, Table A3). In 

previous work, we showed that these THIN pneumonia 

and hospital admission codes have excellent positive 

predictive value for identifying valid overnight hospi-

talizations for community-acquired pneumonia38 and 

their dates.38,39 As a secondary outcome, we analyzed 

less serious adverse events, defi ned as ambulatory care 

visits for the same adverse event diagnoses within 14 

days, but not associated with hospitalization.

Exploratory analyses included modeling specifi c 

antibiotic drug class exposures, focusing on β-lactams, 

macrolides, and fl uoroquinolones, as class-specifi c anti-

biotic vs no antibiotic exposure (and as class-specifi c vs 

other antibiotic, reported in the Supplemental Appen-

dix). Of particular interest were drugs suspected of 

increasing the risk of cardiac arrhythmias and drugs 

metabolized via the hepatic CYP3A4 pathway; mac-

rolides and fl uoroquinolones are frequently implicated 

in adverse events through these mechanisms.40-42 We 

did not have adequate power to model each individual 

adverse event category separately.43,44

Covariates included visit age, sex, visit year, and 

summary measures of medical care intensity, including 

the number of recorded comorbidities,11 the number of 

different classes of medications prescribed,11,45 and the 

number of THIN visits for that patient within the year 

before the index visit. THIN does not include direct 

measures of patients’ socioeconomic, racial, and eth-
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nic characteristics; the Townsend score,46 a 5-quintile 

measure of neighborhood deprivation, and a 5-quin-

tile variable describing the racial composition of the 

patient’s neighborhood were used as proxies of these 

characteristics.

Analysis
We fi rst described the frequency of ARI visits and anti-

biotic exposure, overall and by specifi c British National 

Formulary class,47 and identifi ed adverse events and 

pneumonia hospitalizations for our cohort.

For our primary multivariable analyses, we mod-

eled our outcomes (hospital admission for any severe 

adverse event, and hospital admission for pneumonia) 

on any vs no antibiotic exposure. We used fi xed-effects 

conditional linear regression with practice as a group-

ing variable, which enabled us to use data from prac-

tices with zero outcomes, adjust for between-practice 

imbalance of antibiotic prescribing and/or outcomes, 

and obtain practice-specifi c estimates. Simulations con-

fi rmed that this regression model provided reliable esti-

mates for our rare outcome (details in the Supplemental 

Appendix). We retained a covariate in the fi nal model 

when it was independently associated with the outcome 

and if removing it caused a change of 10% or greater 

in the risk difference. We used the Akaike information 

criterion to help assess model fi t48 and the Cuzick non-

parametric test for trend across ordered groups.49 Stata 

10.0 (StataCorp LP) was used for all analyses.

We conducted a series of sensitivity analyses. First, 

for both adverse events and pneumonia outcomes, we 

extended the exposure window to 30 days to address 

potential misclassifi cation of admission dates. For 

pneumonia, considering that hospitalization occurring 

within 1 day of the ARI visit may be more related to 

the patient’s original diagnosis than to the physician’s 

antibiotic treatment decision, we also modeled admis-

sion between 2 to 15 days after the visit, eliminating 

relatively immediate hospital admissions. We also 

explored the possibility that visits coded as acute bron-

chitis might behave differently than visits with other 

ARI diagnoses, modeling pneumonia hospitalization 

outcomes in 2 additional ways: fi rst we eliminated visits 

with a bronchitis diagnosis, and second, we included 

only visits with a bronchitis diagnosis.

We performed additional analyses to confi rm our 

methodologic assumptions (detailed in the Supplemen-

tal Appendix). Results using ungrouped visits and pro-

pensity scores were similar to the primary analysis. We 

modeled a control outcome (hospitalizations for motor 

vehicle accidents) and obtained the expected outcome 

of no association between antibiotic treatment and 

accident hospitalization. To explore the possible infl u-

ence of unmeasured confounders for patients with 

severe adverse events and multiple visits within the 

cohort, we performed a crossover-cohort study, com-

paring antibiotic treatment for each patient’s adverse 

event visit vs for all of their previous visits; results were 

qualitatively similar to the primary analysis.

This study was approved by the University of 

Pennsylvania Institutional Review Board and the Medi-

cal Research Ethics Committee, National Research 

Ethics Service, UK National Health Service.

RESULTS
Our cohort contained 1,646,229 

total and 1,531,019 grouped vis-

its for ARIs by 814,283 patients. 

There were 326 practices rep-

resented, and the mean number 

of visits per practice was 4,696 

(range, 24 to 27,190); 361,553 vis-

its were for bronchitis diagnoses.

Antibiotic Exposure
Antibiotics were prescribed for 

65% of ARI visits. Antibiotic 

prescribing varied widely among 

practices, ranging from 3% to 

95% of visits (Figure 1). The most 

frequent antibiotic prescribed was 

amoxicillin, followed by penicillin 

and erythromycin, accounting for 

51.2%, 17.0%, and 12.7% of pre-

scriptions, respectively (Table 1).

Figure 1. Area plot of frequency of antibiotic prescribing for acute 
nonspecifi c respiratory infections for each of 326 practices, by practice.

0

10

20

30

40

50

60

70

80

90

100

1 26 51 76 101 126 151 176 201 226 251 276 301 326

Pe
rc

en
ta

g
e 

of
 V

is
it
or

s 
R
ec

ei
vi

ng
 A

nt
ib

io
ti
cs

Practices



ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 11, NO. 2 ✦ MARCH/APRIL 2013

168

RISK S AND BENEFITS OF ANTIBIOT ICS FOR ARI

Patients receiving antibiotics were older, had more 

comorbidities, and were prescribed more drug classes 

within the previous year. The number of primary care 

visits within the previous year was similar for treated 

compared with untreated patients, however (Table 2).

Severe Adverse Events
There were 126 severe adverse events within the 

cohort. The crude incidence rate of events within 

15 days was 8.22 events per 100,000 ARI visits; 8.48 

events per 100,000 visits with antibiotic treatment, 

and 7.75 events per 100,000 visits with-

out treatment (Table 3).

Adjusting for clustering by practice, 

the unadjusted estimate for the risk dif-

ference for a severe adverse event for 

patients treated vs not treated with 

antibiotics was 0.37 fewer events per 

100,000 patient visits (95% CI, –5.31 

to 2.07). Adjusting for age, study year, 

drugs, and visits over the preceding year, 

and Townsend score, the risk difference 

was 1.07 fewer severe adverse events per 

100,000 patient visits (95% CI, –4.52 

to 2.38; P = .54) comparing antibiotic-

treated vs untreated patients (Table 4).

By extending the exposure 

window to 30 days from the 

ARI visit, we found a greater 

risk reduction for antibiotic 

exposed vs unexposed patients, 

although still not statistically 

signifi cant, with a risk differ-

ence of 3.79 fewer adverse 

events per 100,000 patient 

visits (95% CI, –8.38 to 0.80; 

P = .11). When assessing class-

specifi c antibiotic exposure vs 

no exposure, although point 

estimates varied, we found that none was statistically 

signifi cant (Table 4).

We also examined minor adverse events, defi ned as 

the same diagnostic codes evaluated at a primary care 

visit that did not result in hospitalization. The unad-

justed risk difference was 111.98 more minor adverse 

events per 100,000 patient visits for antibiotic-treated 

vs antibiotic-untreated patients; after multivariable 

adjustment, the risk difference was 55.58 more minor 

adverse events per 100,000 patient visits (95% CI, 

28.00 to 83.18; P <.001).

Community-Acquired Pneumonia
There were 296 hospital admissions for pneumonia 

within 15 days of the index visit: 180 patients treated 

with antibiotics, and 116 patients without antibiotics. 

The unadjusted mean incidence rate of hospitalization 

for pneumonia was 19.33 per 100,000 visits; 21.93 with-

out antibiotic treatment, and 17.96 with treatment, giv-

ing a crude risk difference of 3.97 fewer hospital admis-

sions per 100,000 visits for antibiotic-treated patients.

Using the regression model, the unadjusted within-

practice risk difference was a protective effect of 

antibiotic use of 4.53 fewer admissions for pneumonia 

per 100,000 visits for antibiotic treated vs untreated 

patients. The fi nal model adjusted for age, year, num-

Table 1. Antibiotics Prescribed

Generic Name No. of Visits

Penicillins 685,265

Macrolides 126,934

Cephalosporins, cephamycins, 
and other β-lactams

71,646

Tetracyclines 70,554

Sulphonamides and trimethoprim 34,629

Quinolones 12,203

Othera 819

Total visits with antibiotics 1,002,050 

a Metronidazole, methenamine, nitrofuratoin, fosfomycin, amoxicillin/clarithro-
mycin/lansoprazole, clindamycin, colistin, chloramphenicol, and fusidic acid.

Table 2. Characteristics of Patients With Antibiotic-Exposed vs 
Antibiotic-Unexposed Visits for Acute Respiratory Infections

Characteristic
Visits With 
Antibiotics

Visits Without 
Antibiotics

Total visits (N = 1,531,019), No. (%) 1,002,050 (65.4) 528,969 (34.6)

Male, No. (%) 385,712 (38.5) 184,720 (35)

Age, median (mean) y 46 (47.91) 40 (43.98)

Comorbidities    

Any comorbidity, No. (%) 350,078 (34.94) 161,607 (30.55)

Number of comorbidities, mean 0.48 0.41

Number of different classes of drugs 
used in previous year, mean

5.98 4.25

Number of visits made in previous 
year, mean

8.94 8.87

Table 3. Severe Adverse Events (N = 1,531,019 Visits)

Time After 
Index Visit

With Antibiotics
1,002,050 Visits

Without Antibiotics
528,969 Visits

Risk 
Differencea 

P 
Value

No. of 
Events

Event 
Ratea 

No. of 
Events

Event 
Ratea 

15 days 85 8.48 41 7.75 0.73 .63

30 days 148 14.77 80 15.12 –0.35 .86

Note: The following events occurred at 15 days: hypersensitivity 44, diarrhea 18, liver toxicity 13, renal toxic-
ity 21, arrhythmia 6, seizure 23; at 30 days, hypersensitivity 79, diarrhea 25, liver toxicity 28, renal toxicity 39, 
arrhythmia 11, seizure 46.

a Per 100,000 visits.
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ber of comorbidities, and number of drugs: there was 

a risk difference of 8.16 fewer hospital admissions per 

100,000 visits (95% CI, –13.24 to –3.08, P = .002), 

comparing antibiotic-treated with untreated patients. 

This risk difference corresponds to a number needed 

to treat of 12,255 patients to prevent 1 hospital 

admission. 

When the window of interest was extended to 30 

days, adjusting for the same covariates, the risk differ-

ence was 9.35 fewer hospitalizations per 100,000 visits 

(95% CI, –15.22 to –3.47; P = .002). Excluding admis-

sions within 1 day of the index visit yielded a risk dif-

ference of 4.38 fewer pneumonia hospitalizations per 

100,000 visits (95% CI, –9.08 to 0.331; P = .068). Elimi-

nating the 361,553 patients with a diagnosis of acute 

bronchitis, the risk difference was 9.01 fewer hospital-

izations per 100,000 visits (95% CI, –13.43 to –4.58; P 

<.001). Conversely, analyzing only the 361,553 acute 

bronchitis visits, the risk difference for pneumonia hos-

pitalization was 37.26 fewer per 100,000 visits (95% 

CI, –59.71 to –14.81; P = .001).

DISCUSSION
Decisions regarding antibiotic prescribing are made at 

the level of each individual physician-patient relation-

ship, where patient-level risk/benefi t considerations and 

preference are likely to take precedence over societal 

considerations.50 Quantifying individual-level risks is 

not always straightforward. Antibiotic use is so com-

mon that patients can sometimes experience outcomes 

that appear temporally related to medication use, even 

if no causal relationship exists. We compared specifi c 

hospital admission outcomes for antibiotic-treated vs 

untreated patients evaluated in the primary care setting 

for an ARI.

Patients with ARIs treated with antibiotics were not 

at increased risk of severe adverse events, with a point 

estimate of 1.07 fewer adverse events per 100,000 vis-

its and a confi dence interval that included zero. None 

of the antibiotic classes were shown to defi nitively 

increase the severe adverse event risk.

There was an apparent increased 

risk of 55.58 more minor adverse events 

requiring outpatient follow-up per 

100,000 patient visits with antibiotic 

exposure. Although not life threatening, 

milder events can be clinically important 

in terms of unpleasant symptoms, medi-

cal needs, and missed work days. Minor 

adverse events after antibiotic treatment 

might be more likely to be reported and 

recorded than similar events without 

treatment, however. In contrast, adverse 

events that result in hospitalization are less likely to be 

subject to information bias; patients who experience 

these more serious events are likely to seek medical 

care, and the indication for hospitalization is likely to 

be documented regardless of whether the patient was 

on antibiotic treatment.38

We found that the overall risk of hospitalization 

for community-acquired pneumonia after an ARI visit, 

comparing antibiotic-treated vs untreated patients, was 

8.16 fewer per 100,000 visits; the number needed to 

treat was 12,255 patients to prevent 1 hospitalization. 

The risk difference was attenuated toward the null 

when not considering hospitalizations during the fi rst 

day after the ARI visit. It is possible that antibiotics 

may have their greatest effect on the acute exacerba-

tion of a rapidly evolving bacterial illness or that some 

of the benefi t of antibiotics can be attributed to mis-

diagnosing patients with community-acquired pneu-

monia as having other nonbacterial acute respiratory 

infections at the initial visit.

Ecologic studies have shown that concurrent with 

decreasing UK and US antibiotic prescribing rates 

from 1996 to 2003, hospital admissions increased for 

respiratory tract infections.51,52 Petersen et al used the 

UK primary care General Practice Research Database 

to look at subsequent visits with a diagnosis of pneu-

monia after outpatient treatment for “upper respiratory 

tract infection” and “chest infection.”53 They found an 

odds ratio for chest infection in the month after a visit 

for upper respiratory tract infection of 0.64 for patients 

treated vs untreated with antibiotics; their risk of pneu-

monia within 1 month of chest infection was high and 

reduced by initial antibiotic treatment, with odds ratios 

comparing antibiotic treated with untreated patients 

ranging from 0.22 to 0.35, depending on patient age. 

As the authors point out, however, chest radiography 

is not often available in primary care, and the “chest 

infection” codes used to defi ne their cohort could 

have included patients with both acute bronchitis and 

patients with the outcome, pneumonia; furthermore, 

hospitalization status was not specifi ed, so it is diffi cult 

to directly compare their results to those of our study.

Table 4. Severe Adverse Events Per 100,000 Visits 
by Antibiotic Class

Grouped Visits

Risk Difference for Antibiotic Use

Point Estimate 95% CI P Value

All antibiotic use vs none –1.07 –4.52 to 2.38 .54

Specifi c antibiotic class vs none

β-Lactams –1.62 –5.19 to 1.96 .37

Macrolides 2.40 –3.26 to 8.07 .40

Flouroquinolones 1.06 –17.02 to 19.14 .91
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We were limited by the potential inaccuracy of 

THIN data. Prescriptions are generated by medi-

cal record data entry, so drug information capture in 

THIN is virtually 100%54,55; however, we have no data 

regarding whether antibiotic prescriptions were fi lled or 

ingested. We previously found that pneumonia and hos-

pital admission codes had good specifi city for identify-

ing hospitalizations for pneumonia in this database.38 

Even so, outcomes may be more likely to be identifi ed 

and diagnosed as such for patients who are hospital-

ized; admissions not related to antibiotic treatment 

would have tended to bias our results toward the null. 

Had decisions to admit for adverse events or pneumonia 

been different depending on whether patients had been 

previously prescribed antibiotics, however, our results 

could have been biased away from the null.

A limitation of our observational study is that anti-

biotic exposure was not randomized, and there may be 

systematic differences in the indication for antibiotics 

between those who received them and those who did 

not. Indeed, patients who received antibiotics were 

older and did appear sicker according to some indi-

cators. Although we could not address all potential 

confounders, adjusting for those patient characteristics 

available in THIN did not change our primary result; if 

anything, it moved away from the null in the direction 

of fewer adverse events with antibiotics. To the degree 

that antibiotics are prescribed for sicker patients with 

ARIs, residual unmeasured confounding would likely 

have biased us toward fi nding a positive association 

between antibiotic exposure and hospitalization, but 

our result was the opposite.

Perhaps some of the THIN-coded “acute nonspe-

cifi c respiratory tract infections” were really illnesses 

with a bacterial focus. For example, if early bacterial 

pneumonia was misclassifi ed as bronchitis and antibi-

otic decisions were random, the absence of antibiotic 

treatment would most likely be associated with failure 

to improve and an increased risk of hospitalization for 

pneumonia, which would have biased us in the direc-

tion of the results we found. Many of the pneumonia 

admissions occurred within 1 day of the ARI visit; these 

very early admissions may be more likely to represent 

misdiagnosis of bacterial pneumonia as nonspecifi c ARI. 

Thus, the secondary outcome eliminating these early 

hospital admissions may more accurately measure the 

benefi t of antibiotics for preventing the progression of 

nonspecifi c ARI to subsequent pneumonia.

Finally, although this study was performed using 

data from the United Kingdom, they should be gen-

eralizable to patients treated with antibiotics for simi-

lar illnesses in other countries; there is no reason to 

expect that individuals in the United Kingdom have 

different risks related to antibiotic treatment than 

those living elsewhere. Results from this study are 

not necessarily generalizable to patients with illnesses 

other than ARIs, with other types of outcomes than 

those measured here, or in different populations, for 

example, for children.

At the societal level, we are highly interested in 

eliminating unnecessary antibiotic prescribing to help 

slow the spread of antibiotic resistance. At the level 

of the physician-patient encounter, physicians and 

patients are most interested in providing treatment that 

will best balance benefi ts and risks for that particular 

patient; the apparent best decision at the patient level 

is not always ideal at the societal level. Although the 

number needed to treat to prevent 1 pneumonia hos-

pital admission exceeds generally accepted thresholds 

for preventing serious infections,56-58 antibiotic treat-

ment of ARIs is still common5,17; the precise value of 

that boundary can depend on the perspective of the 

decision maker and, even for the most conscientious 

of us, may differ between what we may deem ideal for 

society in general and what we decide for the patient 

sitting in front of us.50,59 

This dilemma creates an important challenge. In 

addition to further practice guidelines and educational 

efforts aimed at physicians and the public, future 

research can explore complementary win-win solutions 

that could serve the interests of society and individual 

patients together.60 Expanded infl uenza vaccination 

and novel point-of-service rapid diagnostic tech-

niques61 could help target antibiotics to those patients 

most likely to benefi t. Even though these services may 

be costly, scaling up their use would decrease marginal 

costs considerably, and from a societal standpoint, if 

this investment decreases unnecessary antibiotic use, it 

may be considered cost-effective.

Patients with ARIs treated with antibiotics com-

pared with untreated patients were not at increased 

risk of subsequent severe adverse events, but they do 

seem to have a small decreased risk of hospitalization 

for community-acquired pneumonia with a high num-

ber needed to treat to avoid 1 case of pneumonia.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/content/11/2/165.
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