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Abstract. Acute respiratory tract infections (ARTIs) are a common reason for unnecessary antibiotic prescriptions
worldwide. Our objective was to determine if providing access to rapid influenza test results could reduce antibiotic
prescriptions for ARTIs in a resource-limited setting. We conducted a prospective, pre-post study from March 2013 to
October 2014. Outpatients presenting to a hospital in Sri Lanka were surveyed for influenza-like illness–onset of fever
≥ 38.0°C and cough in prior 7 days. Enrolled patients were administered a structured questionnaire, physical examination,
and nasal/nasopharyngeal sampling for rapid influenza A/B testing. Influenza test results were released only during phase 2
(January–October 2014). We enrolled 571 patients with ILI–316 in phase 1 and 241 in phase 2. The proportion positive
for influenza was 46.5% in phase 1 and 28.6% in phase 2, P < 0.001. Between phases, antibiotic prescriptions decreased
from 81.3% to 69.3% (P = 0.001) among all patients and from 83.7% to 62.3% (P = 0.001) among influenza-positive
patients. On multivariable analysis, a positive influenza result during phase 2 was associated with lower odds of antibiotic
prescriptions (OR = 0.50, 95% CI = 0.26–0.95). This prospective study suggests that providing access to rapid influenza
testing may reduce unnecessary antibiotic prescriptions in resource-limited settings.

INTRODUCTION

Acute respiratory tract infections (ARTIs) result in millions
of ambulatory care visits worldwide each year.1,2 Although
the majority of ARTIs are caused by viruses such as rhinovirus,
adenovirus, influenza, and respiratory syncytial virus, ARTIs
are one of the most common reasons for being prescribed an
antibiotic in the outpatient setting.3–5 In the United States,
over half of outpatient visits for ARTIs result in an antibiotic
prescription, with up to 55% of these prescriptions being
unnecessary at an excess cost of $726 million annually.6,7

Antibiotic overprescription, in addition to contributing to
increased health-care costs, is associated with adverse drug
reactions and the development of antimicrobial resistance.6,8

In resource-limited settings, antibiotic overprescription for
ARTIs appears even more common. In rural Thailand, 82% of
patients presenting to outpatient departments with influenza-
like illness (ILI) received an antibiotic prescription.9 In south-
ern Sri Lanka, we previously showed that 81% of outpatients
with ILI received a prescription for an antibiotic when influ-
enza test results were not available to clinicians, although
almost 50% of these patients had confirmed influenza.10 The
reasons for antibiotic overprescription are likely many, and
include a lack of access to rapid and specific diagnostic tests
that distinguish viral versus bacterial infections, providers’ lack
of knowledge regarding appropriate prescribing guidelines,
and patients’ expectations for an antibiotic prescription.1 In
resource-limited settings, additional factors such as high
patient-to-provider ratios and inability to ensure necessary
follow-up may contribute to excess antibiotic prescriptions.9

Recently, rapid, antigen-based tests for influenza have been
developed that have high sensitivity and specificity.11 Studies
from higher-income countries indicate that providing access to
rapid influenza test results can result in a decreased propor-
tion of antibiotic prescriptions for ARTIs.12–16 Prospective
studies from low- or middle-income country (LMIC) settings
are lacking. We performed a prospective, pre-post study of
outpatients with ILI presenting to a tertiary care hospital in
southern Sri Lanka to assess the impact of providing access to
rapid influenza testing on antibiotic prescribing patterns.

METHODS

Study design and setting. This was a one-group, pre-post
study performed in the Outpatient Department (OPD) of
Teaching Hospital Karapitiya (THK), the largest (1,500 bed)
tertiary care hospital in southern Sri Lanka. The OPD of this
public hospital serves > 1,000 patients daily between 8 AM and
8 PM and is staffed by approximately 10 physicians. Phase 1
(pretest) of the study was conducted from March to November
2013, and phase 2 (posttest) was conducted from January to
October 2014. No enrollment occurred in December 2013
(holiday period). Study procedures were similar during the
two phases, except that the individual rapid influenza test
result was available to patients and clinicians before any clinical
decision making in phase 2, but was not available during
phase 1. In addition, patients in phase 1 were consented and
enrolled after seeing clinical providers to prevent unnecessary
delays in obtaining clinical care. The participation of clinicians
in either phase was not tracked, and hence there may have
been turnover in care providers between the two phases.
Study enrollment. All children and adults presenting to

the OPD were screened for the presence of ILI by a study
physician. Consecutive patients ≥ 1 year of age were enrolled if
they met the definition of ILI as defined by the World Health
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Organization: tympanic temperature ≥ 38°C/100.4°F and acute
onset of cough in the past 7 days without alternative diagno-
sis.17 Screening was performed from 8 AM to 3 PM Monday–
Friday and 8 AM–12 PM on Saturday. Consent was obtained
from patients ≥ 18 years of age and the guardians of patients
1–17 years, and assent was obtained from patients 12–17 years.
Enrolled patients were administered a standardized question-
naire in Sinhala, the local language, and a structured physical
examination was conducted. Collection of a nasopharyngeal
sample was attempted in all patients; patients unable to tol-
erate nasopharyngeal sample collection had a nasal sample
collected instead. Patients received standard clinical assess-
ment and treatment including a physical examination, addi-
tional diagnostic testing, and prescriptions from their routine
care providers in the OPD. Details regarding patients’ clinical
diagnoses and management were recorded. Study personnel
were not involved in clinical decision making or treatment at
any point, and routine clinical personnel were not involved in
any study procedures. Patients enrolled during the second
phase of the study were administered a structured question-
naire by telephone within 1–4 weeks of their OPD visit to
gather further information regarding the course of their illness
and additional treatments received. Ethical approval for this
study was obtained from the Ruhuna University Ethical Review
Committee, Duke University Institutional Review Board, and
Johns Hopkins Medicine Institutional Review Board.
Rapid influenza testing. The nasal/nasopharyngeal sample

was used immediately for rapid influenza testing using the
Veritor Flu A + B system (Becton, Dickinson and Company,
Franklin Lakes, NJ). This rapid chromatographic immuno-
assay detects influenza A and B viral nucleoprotein antigens
from nasal and nasopharyngeal swabs using a single processed
sample. During phase 1, the result of the rapid influenza test
was used solely for surveillance purposes and only released to
clinicians in aggregate. Following approval of the test for clini-
cal use in this study by the Sri Lanka Ministry of Health, indi-
vidual results were released to patients and clinicians during
phase 2 (starting in January 2014). Before the second phase of
the study, an informational session was conducted with physi-
cians in the OPD regarding the test and its performance char-
acteristics. To measure the isolated effect of providing results
from the rapid diagnostic test, we did not provide education
regarding the clinical interpretation of the influenza result;
instead, we referred clinicians to the comprehensive guidelines
on influenza management provided by the Sri Lanka Ministry
of Health. The Veritor system’s performance characteristics
were previously documented by Hassan and others, who
showed that in pediatric patients the sensitivity and specificity
of the test when compared with polymerase chain reaction
(PCR) were 90.2% and 99.1%, respectively, for influenza A,
and 87.5% and 100%, respectively, for influenza B.11

Statistical analysis. For the sample size calculation, it was
estimated that 85% of influenza-positive patients would receive
antibiotic prescriptions at baseline, based on prior data from
outpatients with confirmed influenza in Thailand.9 Prior stud-
ies document that a decrease as large as 25–30% in antibiotic
prescriptions is possible when access to rapid influenza testing
is available.12,16,18 To detect a 25% decrease in antibiotic pre-
scriptions associated with the release of rapid test results in
influenza-positive patients, with α= 0.05 and β= 0.20, at least
57 patients who were influenza positive by rapid test were
required in each phase. Phase 1 of the study was continued

longer than required given the delay in obtaining approval
for release of rapid influenza test results to clinicians; data
from continued testing in this phase were used for ILI surveil-
lance purposes. Sociodemographic and clinical characteristics
of patients between phases 1 and 2 were compared using the
Fisher exact test for categorical variables and the Kruskall–
Wallis test for continuous variables. Bivariable and multivari-
able logistic regressions were carried out for each phase
separately to assess the association (odds ratios [ORs] with
95% confidence intervals [CIs]) between receipt of antibiotic
prescriptions and patients’ sociodemographic and clinical
characteristics during each phase. Variables were tested for col-
linearity before inclusion in the multivariable models. For
multivariable regression, sociodemographic characteristics,
exposures, or clinical symptoms that were significant at less
than 0.05 on bivariable analysis for both adults and children
were included. In addition, age and rapid influenza test posi-
tivity were included in the models, since these variables were
thought a priori to have an important impact on antibiotic pre-
scriptions. STATA, version 11 (STATACorp, College Station,
TX), was used for all statistical analyses.

RESULTS

Study cohort. During the study period, 75,716 patients
were screened for ILI: 32,869 in phase 1 and 42,847 in phase 2
(Figure 1). Of screened patients, 571 (0.7%) were eligible for
enrollment, with more patients eligible during phase 1 than
phase 2 (1.0% versus 0.6%, P < 0.001). A total of 557 patients
were enrolled: 316 in phase 1 and 241 in phase 2. Among those
eligible, there was no difference in the proportion enrolled
between the two phases (97.2% versus 96.8%, P = 0.81).
Sociodemographic characteristics. Table 1 lists the socio-

demographic characteristics and prior exposures of patients
enrolled in the two phases of the study. Patients in phase 1
tended to be older (14.2 years versus 11.3 years, P = 0.009),
although the proportion of adults was not significantly different
between the two phases (42.7% overall). Patients in phase 1
lived closer to the hospital (5 km versus 10 km, P = 0.02).
The educational level of adults in the two phases was similar,
with 33.2% overall having a 12th grade education or higher
(P = 0.16). Patients in phase 1 were less likely to report a
prior medical visit for the same illness (24.8% versus 33.3%,
P = 0.04). Other sociodemographic and exposure characteris-
tics between the two phases were similar, including 44.2% of
patients reporting contact with a sick person with similar ill-
ness in the past month.
Clinical characteristics. There were significant differences

in patients’ clinical characteristics between the two phases
(Table 1). Patients in phase 1 presented sooner after onset of
fever or cough (P < 0.001). Patients in phase 1 were more
likely to report sore throat (50.3% versus 39.4%), shortness
of breath (26.6% versus 1.7%), pain with breathing (17.1%
versus 2.1%), headache (79.4% versus 66.8%), fatigue (82.0%
versus 53.9%), arthralgias (71.5% versus 41.1%), and myalgias
(73.4% versus 40.3%). However, patients in phase 1 were less
likely to experience rhinitis/congestion (59.5% versus 92.1%).
Rapid influenza positivity. The proportion of patients who

tested positive for influenza was greater in phase 1: 147 (46.5%)
versus 69 (28.6%), P < 0.001. Influenza A accounted for
the majority of cases in both phases (64.0% versus 94.2%,
P < 0.001). Patients in phase 1 were older (16.3 years versus
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12.9 years, P = 0.04), although the proportion of adults was
similar in the two phases. No other sociodemographic features
were significantly different between influenza-positive patients
in the two phases. Of clinical characteristics, many of the dif-
ferences observed between patients in phases 1 and 2 remained
when considering only influenza-positive patients (data not
shown). Influenza-positive patients in phase 1 had a shorter
duration of fever or cough (P < 0.001), and were more likely
to experience shortness of breath (29.9% versus 2.9%), pain
with breathing (26.5% versus 4.4%), anorexia (83.0% versus
58.0%), fatigue (87.8% versus 75.4%), arthralgias (81.6%
versus 60.9%), and myalgias (81.6% versus 62.3%) than
influenza-positive patients in phase 2. However, influenza-
positive patients in phase 1 were less likely to experience
rhinitis/congestion (57.1% versus 100%). All differences in
clinical symptoms remained when comparing the 94 influenza
A-positive patients in phase 1 with the 65 influenza A-positive
patients in phase 2 (data not shown).
Clinical management and antibiotic prescriptions. Overall,

20.5% of patients reported previously using an antibiotic or
possible antibiotic for the same illness, with no significant dif-
ference between the two phases. However, at the OPD visit,
patients in phase 1 were more likely to be prescribed antibi-

otics (81.3% versus 69.3%, P = 0.001). Penicillins (289,
68.2%), first generation cephalosporins (89, 21.0%), erythro-
mycin (21, 5.0%), and fluoroquinolones (9, 2.1%) were the
most commonly prescribed antibiotics overall. There were
more diagnostic tests such as complete blood counts ordered
in phase 1, but this was not statistically significant (20.6%
versus 15.4%, P = 0.12).
Similar differences in clinical management existed between

the two phases when comparing only patients who were influ-
enza positive. Influenza-positive patients were more likely to
be prescribed antibiotics in phase 1 than in phase 2 (83.7%
versus 62.3%, P = 0.001). A similar decrease in antibiotic use
was seen between phases in influenza-negative patients, but this
was not statistically significant (79.3% versus 72.5%, P = 0.16).
The ordering of additional diagnostic tests was similar in the
two phases in influenza-positive patients (21.1% versus 17.4%,
P = 0.59). No patients were admitted for treatment with anti-
viral medications for influenza (the OPD does not allow out-
patient prescription of antivirals such as oseltamivir).
Features associated with antibiotic prescriptions. Socio-

demographic characteristics, exposures, and clinical features
associated with the receipt of an antibiotic prescription were
assessed (Table 2). This was done separately for each phase,

FIGURE 1. Flow chart of outpatients in southern Sri Lanka who were screened for influenza-like illness (ILI), enrolled, positive for influenza
by rapid test, and prescribed an antibiotic, March 2013–October 2014. For 6 (1.1%) enrolled patients, a respiratory specimen was either not
obtained or returned an invalid result.
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since the receipt of the rapid influenza test result in the sec-
ond phase may have influenced prescribing patterns. In
phase 1, adults who missed more days of work (P = 0.02)
and patients with longer duration of fever (P = 0.05) were
more likely to be prescribed an antibiotic. In addition, the
diagnosis of upper respiratory tract infection was more likely
to be associated with an antibiotic prescription (P = 0.002),
while the diagnosis of unspecified viral fever was less likely
to be associated with an antibiotic prescription (P < 0.001).
Patients who had an additional diagnostic test ordered were
also more likely to be prescribed an antibiotic (P = 0.03). In
the unadjusted analysis, rapid influenza test positivity was not
significantly associated with antibiotic prescriptions (48.6%
among patients prescribed antibiotics versus 41.4% in patients
not prescribed antibiotics, P = 0.38).
In phase 2, having a prior medical visit for the same illness

was associated with an antibiotic prescription (P = 0.02). In
addition, a longer duration of fever (P = 0.02), longer duration
of cough (P = 0.008), and headache (P = 0.04) were associated
with antibiotic prescriptions. As in phase 1, the diagnosis of
upper respiratory tract infection was more likely to be associ-
ated with an antibiotic prescription (P = 0.04) and the diagnosis
of unspecified viral fever was less likely to be associated with
an antibiotic prescription (P = 0.03). In phase 2, patients who
received antibiotic prescriptions were less likely to be rapid
influenza test positive (25.8% versus 35.6%), but this was

TABLE 1
Sociodemographic characteristics, exposures, and clinical symptoms

among patients with influenza-like illness (ILI) in southern
Sri Lanka, March 2013–October 2014

Characteristic
First phase,
N = 316

Second phase,
N = 241 P value

Age (years) 14.2 (6.6–39.6) 11.3 (5.3–29.5) 0.009
Male 175 (55.4%) 120 (49.8%) 0.20
Distance to THK (km) 5 (3–15) 10 (4–20) 0.02
Sick contact in past month 137 (43.5%) 109 (46.2%) 0.55
Travel in past month 54 (17.1%) 33 (13.8%) 0.29
Prior medical visit for

same illness
78 (24.8%) 79 (33.3%) 0.04

Prior antibiotic use for
same illness—yes/unsure

70 (22.2%) 44 (18.3%) 0.29

Number of days fever 2 (1–3) 2 (2–4) < 0.001
Number of days cough 2 (1–3) 3 (2–4) < 0.001
Rhinitis/congestion 188 (59.5%) 222 (92.1%) < 0.001
Sore throat 159 (50.3%) 95 (39.4%) 0.01
Shortness of breath 84 (26.6%) 4 (1.7%) < 0.001
Pain with breathing 54 (17.1%) 5 (2.1%) < 0.001
Anorexia 244 (77.2%) 109 (45.2%) < 0.001
Vomiting 65 (20.6%) 35 (14.5%) 0.08
Abdominal pain 22 (7.0%) 16 (6.6%) 1.00
Headache 251 (79.4%) 161 (66.8%) 0.001
Fatigue 259 (82.0%) 130 (53.9%) < 0.001
Arthralgias 226 (71.5%) 99 (41.1%) < 0.001
Myalgias 232 (73.4%) 97 (40.3%) < 0.001

THK = Teaching Hospital Karapitiya.
Bold indicates P values significant at less than 0.05. Characteristics between the two

phases of the study are compared using Fisher’s exact test for categorical variables and the
Kruskall–Wallis test for continuous variables.

TABLE 2
Sociodemographic characteristics, exposures, and clinical features associated with antibiotic prescriptions among patients with influenza-like

illness (ILI), southern Sri Lanka, March 2013–October 2014

Characteristic

Phase 1 Phase 2

Antibiotic prescribed,
N = 257

No antibiotic prescribed,
N = 59 P value

Antibiotic prescribed,
N = 167

No antibiotic prescribed,
N = 74 P value

Age (years) 13.1 (6.4–37.1) 24.4 (7.7–47.8) 0.14 12.9 (5.7–35.8) 8.3 (5.2–24.3) 0.08
Adults ≥ 18 years 112 (43.6%) 33 (55.9%) 0.11 71 (42.5%) 22 (29.7%) 0.06
Male 147 (57.2%) 28 (47.5%) 0.19 84 (50.3%) 36 (48.7%) 0.89
Distance to THK (km) 5 (3–15) 5.5 (3–15) 0.91 10 (4–20) 8 (4–15) 0.53
Sick contact in past month 109 (42.6%) 28 (47.5%) 0.56 75 (46.3%) 34 (46.0%) 1.00
Travel in past month 47 (18.3%) 7 (11.9%) 0.34 22 (13.3%) 11 (14.9%) 0.84
Prior medical visit for same illness 63 (24.6%) 15 (25.9%) 0.87 63 (38.2%) 16 (22.2%) 0.02
Prior antibiotic use for same illness—yes/unsure 57 (22.2%) 13 (22.0%) 1.00 38 (22.8%) 6 (8.1%) 0.006
Days missed
Work (adults) 1 (0–2) 0 (0–1) 0.02 0 (0–2) 0 (0–1) 0.68
School (children) 1 (0–2) 1 (0–1) 0.54 1 (0–2) 1 (0–2) 0.63

Fever days 2 (1–3) 2 (1–2) 0.05 3 (2–4) 2 (2–3) 0.02
Cough days 2 (1–3) 2 (1–3) 0.28 3 (2–4) 2 (2–3) 0.008
Rhinitis/congestion 155 (60.3%) 33 (55.9%) 0.56 157 (94.0%) 65 (87.8%) 0.12
Sore throat 134 (52.1%) 25 (42.4%) 0.20 68 (40.7%) 27 (36.5%) 0.57
Shortness of breath 70 (27.2%) 14 (23.7%) 0.63 4 (2.4%) 0 (0%) 0.32
Pleuritic chest pain 44 (17.1%) 10 (17.0%) 1.00 3 (1.8%) 2 (2.7%) 0.64
Anorexia 199 (77.4%) 45 (76.3%) 0.86 81 (48.5%) 28 (37.8%) 0.16
Vomiting 56 (21.8%) 9 (15.3%) 0.29 24 (14.4%) 11 (14.9%) 1.00
Abdominal pain 19 (7.4%) 3 (5.1%) 0.78 9 (5.4%) 7 (9.5%) 0.27
Headache 204 (79.4%) 47 (79.7%) 1.00 119 (71.3%) 42 (56.8%) 0.04
Fatigue 211 (82.1%) 48 (81.4%) 0.85 95 (56.9%) 35 (47.3%) 0.21
Arthralgias 183 (71.2%) 43 (72.9%) 0.87 73 (43.7%) 26 (35.1%) 0.26
Myalgias 187 (72.8%) 45 (76.3%) 0.63 71 (42.5%) 26 (35.1%) 0.32
Clinical diagnosis
Upper respiratory illness 63 (24.5%) 4 (6.8%) 0.002 112 (67.1%) 39 (52.7%) 0.04
Lower respiratory illness 41 (16.0%) 5 (8.5%) 0.16 17 (10.2%) 3 (4.1%) 0.13
Unspecified viral illness 102 (39.7%) 43 (72.9%) < 0.001 11 (6.6%) 12 (16.2%) 0.03
Influenza 0 0 – 26 (15.6%) 20 (27.0%) 0.05
Positive rapid influenza test 123 (48.6%) 24 (41.4%) 0.38 43 (25.8%) 26 (35.6%) 0.13
Additional diagnostic test ordered 59 (23.0%) 6 (10.2%) 0.03 30 (18.0%) 7 (9.5%) 0.12
THK = Teaching Hospital Karapitiya.
Bold indicates P values significant at less than 0.05. Characteristics between patients who received antibiotic prescriptions and those who did not receive antibiotic prescriptions are compared

using Fisher’s exact test for categorical variables and the Kruskall–Wallis test for continuous variables. The two phases of the study are analyzed separately, since the result from the rapid influ-
enza test was only available to clinicians in the second phase and may have influenced antibiotic prescribing patterns
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not statistically significant (P = 0.13). Among the 69 patients
who were rapid influenza positive in phase 2, the only
sociodemographic or clinical variable associated with antibi-
otic prescriptions was a history of prior possible antibiotic
use for the same illness (27.9% versus 3.9%, P = 0.02, data
not shown).
In phase 1, the final variables included in the multivariable

model were age, days of fever, and influenza rapid test posi-
tivity (Table 3). In phase 2, the final variables included in the
multivariable model were age, days of fever, days of cough,
headache, prior medical visit for the same illness, possible
prior antibiotic use for the same illness, and rapid influenza
test positivity. Having a longer duration of fever (OR = 1.29,
95% CI = 1.00–1.66) was associated with receipt of an antibi-
otic prescription in phase 1. In phase 2, older age (OR =
1.02, 95% CI = 1.00–1.04) was positively associated with
antibiotic prescriptions and rapid influenza test positivity
(OR = 0.50, 95% CI = 0.26–0.95) was negatively associated
with antibiotic prescriptions.
Follow-up encounter. Telephone follow-up interviews were

conducted in the second phase in 209 (86.7%) of patients
within 1 month of the visit. Median time to follow-up was 16 days
(interquartile range = 12–22). On follow-up, 199 (95.2%)
patients were well, 5 (2.4%) had the same illness, and 2 (1.0%)
had a new febrile illness. A total of 28 (13.4%) patients reported
a new fever in a household member in the week following the
OPD visit. Among 146 followed up patients who were pre-
scribed antibiotics at the OPD visit, 139 (95.2%) took the med-
ication but 48 (32.9%) were unaware that the medication was
an antibiotic. Twenty-six (12.4%) patients reported another
visit to a provider after the initial visit. Among patients on
whom follow-up was conducted, 7 (3.4%) reported receiving a
new antibiotic since the OPD visit and 23 (10.8%) were unsure.

DISCUSSION

Our study is the first prospective study from a resource-
limited setting to assess the impact of rapid influenza testing
on antibiotic prescriptions in patients with ILI. In this one-
group, pre-post study of outpatients with ILI in southern Sri
Lanka, 81% of patients were prescribed an antibiotic when
results from rapid influenza testing were not available. Knowl-
edge of results from rapid influenza testing was associated
with a 10% decrease in antibiotic prescriptions when compar-

ing all patients between the two phases, and with a 20%
decrease in antibiotic prescriptions when comparing influenza-
positive patients between the two phases. In the second phase,
a positive rapid influenza test result was associated with 50%
lower odds of receiving an antibiotic prescription. Our results
suggest that providing access to rapid influenza testing may
reduce unnecessary antibiotic prescriptions for ILI in resource-
limited settings.
The high frequency of antibiotic prescriptions for outpatients

with ILI is consistent with results from other resource-limited
regions. In Turkey, 100% of children presenting to an emer-
gency room with ILI were prescribed an antibiotic.18 In
China, antibiotics were prescribed for 78% of colds and 94%
of acute bronchitis in outpatients attending primary health-
care clinics.19 Data from Sri Lanka are limited, but Lucas and
others20 showed that 47% of patients with acute respiratory
infections, admitted to the largest public pediatric hospital in the
country, may have been treated unnecessarily with antibiotics.
The high baseline proportion of antibiotic prescriptions in

this study is likely due to a multitude of factors. Diagnostic
tests, which are important in providing clinicians with feed-
back regarding their decision making and in improving the
specificity of their treatment, are limited in this setting. The
short clinician–patient interaction time in this busy OPD,
where more than 1,000 patients are typically seen daily and
individual patient visits tend to last less than 10 minutes, may
leave little time for optimal clinical decision making. The
lack of medical records and care continuity in the OPD pre-
vents the implementation of techniques such as repeat visits
for delayed antibiotic prescriptions, which have been shown
to reduce antibiotic prescriptions to less than 40%.21 Patients’
expectations and providers’ perceptions of those expectations
may also play a role. One study from Hong Kong showed that
patient satisfaction and the belief that patients who wanted
antibiotics would obtain them anyway were the most common
reasons given by family physicians who self-identified them-
selves as overprescribing antibiotics for ARTIs.22

The drop in antibiotic prescriptions associated with and
potentially caused by providing rapid influenza test results is
encouraging, and is consistent with results from studies in
the developed world. A retrospective observational study of
children with acute respiratory symptoms presenting to a U.S.
emergency department (ED) revealed that children who tested
positive using a rapid influenza test were significantly less
likely to receive antibiotics than children who tested negative
(20% versus 53%).14 In a randomized trial, Bonner and
others12 showed that ED physicians’ knowledge of the rapid
influenza test result was associated with lower antibiotic use
in influenza-positive children (7.3% versus 24.5%), fewer
diagnostic tests ordered, and shorter length of stay in the
ED. Only two studies to date have studied the impact of
rapid influenza tests in LMIC settings, where antibiotic use is
generally more prevalent and less regulated. A retrospective
analysis of outpatients presenting with ILI to five OPDs in
Thailand showed that patients who tested positive for influ-
enza were less likely to be prescribed antibiotics than patients
who tested negative (73% versus 87%).9 A cross-sectional
study from Turkey showed that children with ILI who tested
positive for influenza were less likely to be prescribed antibi-
otics than children who tested negative (100% versus 68%).18

Our study is the first prospective study from a LMIC to study
the impact of rapid influenza testing on antibiotic use, and

TABLE 3
Sociodemographic characteristics, exposures, and clinical symptoms
associated with antibiotic prescriptions among patients with influenza-
like illness (ILI), southern Sri Lanka, March 2013–October 2014

Characteristic

Phase 1 Phase 2

OR (95% CI) P value OR (95% CI) P value

Age (years) 0.99 (0.97–1.00) 0.07 1.02 (1.00–1.04) 0.05
Days of fever 1.29 (1.00–1.66) 0.05 1.04 (0.79–1.37) 0.77
Days of cough – – 1.14 (0.89–1.45) 0.30
Headache – – 1.70 (0.90–3.22) 0.10
Prior visit for
same illness

– – 1.26 (0.53–3.04) 0.60

Prior antibiotic
for illness

– – 2.71 (0.84–8.73) 0.10

Rapid test positive 1.38 (0.77–2.47) 0.28 0.50 (0.26–0.95) 0.04
CI = confidence interval; OR = odds ratio.
Multivariable logistic regression was used to analyze the two phases separately since the

result from the rapid influenza test was only available to clinicians in the second phase and
may have influenced antibiotic prescribing patterns.
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indicates that providing access to rapid influenza tests results
may be associated with 50% lower odds of receiving an anti-
biotic prescription among influenza-positive patients.
Although the results of our study are promising, solely pro-

viding access to rapid influenza testing is likely not sufficient
to make a sustained impact. Sixty-two percent of patients who
tested positive for influenza in the second phase still received
a prescription for an antibiotic; multiple reasons may be
responsible for this continued high prevalence of antibiotic
prescriptions. Fear of missing a bacterial pneumonia or bac-
terial superinfection may have played a role in antibiotic
overprescription. In addition, we only conducted a one-time
informational session with physicians in the OPD regarding
the performance characteristics of the rapid influenza test
before the release of results in the second phase. New staff
may have joined the OPD after the informational session
and may have been unaware of the implications of the test
result. To measure the isolated effect of providing results
from the rapid diagnostic test, we did not provide education
regarding the clinical interpretation of the influenza test
result; we referred clinicians to the comprehensive guidelines
provided by the Sri Lanka Ministry of Health. Including an
educational component, in addition to providing access to the
rapid influenza test results, may have resulted in a more sig-
nificant decrease in antibiotic prescriptions. Patients’ expecta-
tions for a prescription in this public hospital setting, where
medications are provided free of charge, may also have con-
tributed to the continued high proportion of antibiotic prescrip-
tions. Studies from other settings indicate that a multifaceted
approach that includes both provider and patient education is
required to solve a problem as complex as overprescription of
antibiotics.2,23 Further studies to determine clinicians’ reasons
for providing an antibiotic prescription in the face of a positive
influenza test result need to be conducted in this setting. In
addition, the cost-effectiveness of using advanced diagnostics
such as rapid influenza tests, which still cost approximately
$20 (well in excess of average daily wages in Sri Lanka) must
be examined against individual patient and public health ben-
efits such as fewer adverse drug reactions and decreased anti-
microbial resistance.24

There are several limitations to our study. To improve logis-
tical flow and reduce delay in care, eligible patients in phase 1
were enrolled after seeing the OPD clinician whereas eligible
patients in phase 2 were enrolled before seeing the OPD clini-
cian. Hence, patients admitted to the hospital from the OPD
would have been excluded in phase 1. However, the severity
of illness in general in the OPD is low; patients with severe
illness who are likely to require hospitalization are triaged to a
separate Emergency Treatment Unit. Our study was designed
as a quasi-experimental, pre-post study and not as a random-
ized controlled trial, because the local ethics board did not feel
comfortable with a randomized design in the OPD setting.
Hence, underlying differences between patients in phases 1 and
2, even when only comparing influenza-positive patients, may
have contributed to decreased antibiotic prescriptions. How-
ever, identical enrollment procedures were used in both phases,
and analysis of patients in only the second phase indicated that
a positive rapid influenza test result was associated with 50%
lower odds of receiving an antibiotic prescription, suggesting
that the rapid influenza test was important in this decrease.
In conclusion, our prospective, pre-post study suggests that

providing access to rapid influenza testing may reduce antibi-

otic overprescription in an outpatient, LMIC setting among
patients with ARTIs. A multifaceted approach that includes
provider reinforcement, patient education, and improved
access to rapid and affordable diagnostic tests is likely neces-
sary to make a meaningful and sustained impact on the global
problem of antibiotic overuse and antimicrobial resistance.
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