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Identifying Children at Low Risk
for Bacterial Conjunctivitis
James A. Meltzer, MD; Sergey Kunkov, MD, MS; Ellen F. Crain, MD, PhD

Objective: To identify a population of children at low
risk for bacterial conjunctivitis on the basis of history and
physical examination findings.

Design: Prospective observational cohort study.

Setting: Urban pediatric emergency department.

Participants:Childrenaged6monthsto17yearswithcon-
junctival erythema, eye discharge, or both. The exclusion
criteria were eye trauma, exposure to a noxious chemical,
contact lens use, and antibiotic drug use in the past 5 days.

Interventions: Clinicians completed a checklist of signs
and symptoms and collected a conjunctival swab for bac-
terial culture.

Main Outcome Measures: The �2 test, the Mann-
Whitney test, and logistic regression were used to cre-
ate a prediction model for a negative bacterial culture.

Results: Of 368 patients enrolled, 194 (52.7%) were
males. The median patient age was 3 years (interquar-
tile range, 1-5 years). Conjunctival cultures were nega-
tive in 130 patients (35.3%). Age 6 years or older, pre-
sentation in April through November, no or watery
discharge, and no glued eye in the morning were the clini-
cal factors found to be independently associated with a
negative conjunctival culture. If 3 factors were present,
76.4% (95% confidence interval, 63.6%-85.6%) of pa-
tients had a negative culture. If all 4 factors were pres-
ent, 92.3% (95% confidence interval, 66.1%-98.2%) of
patients had a negative culture.

Conclusion: The combination of 4 clinical factors may
enable clinicians to identify children at low risk for bac-
terial conjunctivitis and may reduce routine antibiotic
drug administration.
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A CUTE CONJUNCTIVITIS IS A

common condition respon-
sible for more than 5 mil-
lion outpatient and emer-
gency department visits in

the United States each year.1 Previous re-
search2-4 has suggested that approximately
50% to 80% of cases of conjunctivitis in
children are caused by bacteria. How-
ever, the validity of classic signs and symp-
toms thought to differentiate bacterial from
nonbacterial causes of acute conjunctivi-
tis has not been supported by the litera-
ture.5 Therefore, most clinicians (ie, phy-
sicians, nurse practitioners, physician
assistants, etc, all who have licenses, care
for children, and can prescribe antibiot-
ics) prescribe topical antibiotics to all chil-
dren with acute conjunctivitis.6

Bacterial resistance to antibiotic drugs
is an ever-increasing problem, and there
is a nationwide effort to find conditions
for which antibiotic drug use can be re-
stricted. No guidelines exist to help clini-
cians differentiate bacterial from nonbac-
terial conjunctivitis with confidence. The
objective of this study was to identify a
population of children at low risk for bac-
terial conjunctivitis on the basis of his-
tory and physical examination findings.

METHODS

We conducted a prospective observational co-
hort study of children aged 6 months to 17 years
presentingtothepediatricemergencydepartment
at JacobiMedicalCenter,Bronx,NewYork,with
acute conjunctival erythema, eye discharge, or
bothbetweenApril2007toMarch2008.Patients
were excluded if they had used contact lenses or
antibiotic drugs (topical or oral) or had had eye
trauma or exposure to a noxious chemical in the
previous 5 days. Before study implementation,
all attendingphysicians,nursepractitioners, and
house staff received training on the proper col-
lection of conjunctival specimens for culture.

Attendingphysiciansenrolledeligiblepatients
afterobtainingwrittenconsentfromthecaregiver
and assent from children 7 years and older. Pa-
tients were enrolled 24 hours a day and 7 days a
week. Clinicians completed a checklist of signs
andsymptomsandobtainedabacterial conjunc-
tival swab for culture. The affected lower palpe-
bralconjunctivawassampledusingacottonswab
that was then inserted into transport media and
immediatelysent tothemicrobiologylaboratory.
Conjunctival swabs were processed using stan-
dard microbiologic techniques.

Theprimaryoutcomewastheresultofthecon-
junctivalculture.Cultureswereconsideredtobe
negative if they grew normal flora or if there was
no growth after 3 days. The microbiology labo-
ratory defined normal conjunctival flora as

Author Affiliations: Lewis M.
Fraad Department of Pediatrics
(Emergency Medicine), Jacobi
Medical Center and Albert
Einstein College of Medicine,
Bronx, New York.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 164 (NO. 3), MAR 2010 WWW.ARCHPEDIATRICS.COM
263

©2010 American Medical Association. All rights reserved.
 at OSPEDALE NIGUARDA CA' GRANDA, on May 26, 2010 www.archpediatrics.comDownloaded from 

http://www.archpediatrics.com


coagulase-negativeStaphylococcus,Streptococcusviridans,andDiph-
therioidspecies.Conjunctivalcultureresultswereconsideredposi-
tivewhenthe laboratory reported thegrowthofanybacteriaother
than normal flora.

Power analysis was conducted using statistical and power
analysis software (PASS 2005; NCSS, Kaysville, Utah). The null
hypothesis was that there was no relationship between any po-
tential predictor and the baseline probability of having a nega-
tive bacterial conjunctival culture. We decided a priori that to
consider a variable significant, a negative bacterial culture should
be approximately 3 times as likely in the presence of that vari-
able. Using this assumption, a sample size of 353 would be re-
quired (P=.05, power of 80%).

Data analysis was performed using a statistical software pro-
gram (SPSS 14.0 for Windows Graduate Student Version; SPSS
Inc, Chicago, Illinois). The �2 and Mann-Whitney tests were used
for bivariate analysis. For the continuous variable of age, a re-
ceiver operating characteristic curve was constructed. The age
affording optimal discrimination was then used to dichotomize
the variable. Variables showing an association of P� .10 with the
outcome variable in bivariate analysis were then tested in a mul-
tivariate logistic regression model. A prediction model was cre-
ated using combinations of the multivariate predictors.

Subanalyses of children above and below the cutoff age were
performed to determine whether subjective factors (ie, eye itch,
foreign body sensation, eye burning, eye pain, photophobia, and
sore throat) had a greater effect on predicting a negative culture
for older children. Separate prediction models were then con-

structed for each of these 2 age groups. This study was approved
by the institutional review boards of the Albert Einstein College
of Medicine, Bronx, New York, and Jacobi Medical Center.

RESULTS

A total of 402 children aged 6 months to 17 years with
acute conjunctivitis were eligible for enrollment. Of these,
23 parents declined to have their children participate in
the study. For 11 children who were enrolled, the labo-
ratory did not receive a culture specimen. The remain-
ing 368 children formed the study population.

One hundred ninety-four patients (52.7%) were males.
The median patient age was 3 years (interquartile range
[IQR], 1-5 years). Children with positive cultures were
significantly younger than children with negative cul-
tures: 2 years (IQR, 1-4 years) vs 5 years (IQR, 2-8 years)
(P� .001) (Figure 1). Using a receiver operating char-
acteristic curve, 6 years provided the optimal discrimi-
nation cutoff point for age. Overall, conjunctival cul-
tures were negative in 130 patients (35.3%). Conjunctival
culture specimens were obtained throughout the year.
Patients presenting to the emergency department in April
through November were significantly more likely to have
a negative culture (P� .001) (Figure 2). In patients with
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Figure 1. Conjunctival culture results by patient age.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct DecNov

40

30

20

10

0

Month of Visit

Pa
tie

nt
s,

 N
o.

Culture positive
Culture negative

Figure 2. Conjunctival culture results by month of emergency department presentation.
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positive cultures, Haemophilus influenzae and Streptococ-
cus pneumoniae accounted for most of the bacteria cul-
tured (Table 1).

Associations between demographic and clinical vari-
ables and results of the conjunctival cultures are listed
in Table 2. Sixteen predictor variables qualified for en-
try into the multivariate regression analysis; 5 of these
variables were independently associated with a negative
conjunctival culture: age 6 years and older, presenta-
tion in April through November, no or watery dis-
charge, absence of a glued eye in the morning, and pho-
tophobia. However, photophobia was reported to be
unobtainable in 99 patients (26.9%), all of whom were
younger than 6 years. Because the median age of the
sample was 3 years and because photophobia is an un-
reliable predictor in young children, we removed this in-
frequently reported symptom and repeated the analysis,
yielding the 4 variables given in Table 3. A model was
created using combinations of these 4 variables to pre-
dict the probability of a negative conjunctival culture
(Table 4). Using this model, a child with no predictors
would have a negative culture 11.8% of the time, whereas
a child with all 4 predictors would have a negative cul-
ture 92.3% of the time.

The results of the subanalyses for children above and
below the cutoff age of 6 years are noted in Table 5. In
children 6 years and older, “no sore throat” emerged as
an additional predictor variable. In children younger than
6 years, only 2 variables were found to be indepen-
dently associated with a negative culture. Prediction mod-
els for both age groups are given in Table 6.

COMMENT

Although acute conjunctivitis is one of the most com-
mon conditions for which patients seek care, few stud-
ies have focused on its clinical diagnosis.7,8 Moreover, al-
though the patients most likely to have this condition are
children, there are even fewer studies involving pediat-
ric patients.9 Previous research9 has demonstrated that
pediatricians correctly diagnose conjunctivitis as bacte-
rial or nonbacterial only approximately half of the time
but prescribe topical antibiotics to most children.

Patel et al9 studied 111 children with acute conjunc-
tivitis in search of clinical factors to distinguish bacte-
rial from nonbacterial causes. The baseline prevalence
of bacterial conjunctivitis in their group was 78%. They
found 2 variables, a history of glued or sticky eyelids and
physical findings of mucoid or purulent discharge, to be
most predictive of a bacterial cause. However, there were

several important limitations to their study. By exclud-
ing children with a “history of allergy, diagnosis of allergic
conjunctivitis, or other symptoms of allergy,”10(p760) they
may have eliminated a significant portion of those with-
out disease, biasing their prediction model. Moreover,
they used a convenience sample and may have sampled
children in certain parts of the year when the incidence
of bacterial disease is more common.

Table 1. Causes of Bacterial Conjunctivitis
in 238 Culture-Positive Patients

Bacteria Patients, %

Haemophilus influenzae 67.6
Streptococcus pneumoniae 19.7
Staphylococcus aureus 8.0
Haemophilus parainfluenzae 2.5
Other bacteria 2.2

Table 2. Bivariate Analysis of Clinical
and Demographic Featuresa

Predictor Variable

Patients, No. (%)

P
Value

Positive
Culture

Negative
Culture

Male sex 133 (56) 61 (47) .10
Age �6 y 33 (14) 55 (42) �.001
Presentation in April-November 119 (50) 94 (72) �.001
History of

Eye itch 132 (67) 94 (78) .04
Foreign body sensation 11 (9) 17 (19) .06
Photophobia 12 (8) 17 (15) .08
No eye discharge 5 (2) 24 (19) �.001
No glued eye in the morning 23 (10) 45 (35) �.001
Absence of fever 148 (63) 99 (77) .005
Cough 133 (56) 49 (38) .001
Seasonal allergies 38 (16) 32 (25) .05
Previous conjunctivitis 57 (24) 47 (36) .02
Burning sensation 26 (21) 23 (24) .63
Eye pain 42 (27) 38 (35) .18
Sore throat 29 (16) 15 (14) .62
Rash 14 (6) 4 (3) .31
Attendance at day care 65 (28) 33 (27) .81
Asthma 61 (26) 39 (30) .39
Eczema 44 (19) 27 (21) .68
Household member

with conjunctivitis
41 (18) 20 (15) .66

Physical examination
Temperature �100.4°F in ED 61 (27) 16 (13) .004
Bilateral 162 (68) 65 (50) .001
No or watery discharge 66 (28) 85 (65) �.001
Otitis media 51 (22) 11 (9) .001
Nasal discharge 138 (59) 46 (36) �.001
Erythema 205 (86) 114 (89) .51
Chemosis 26 (11) 18 (14) .40
Periorbital edema 46 (19) 27 (21) .79
Preauricular lymph node 17 (7) 6 (5) .50
Pharyngitis 27 (11) 9 (7) .20
Wheezing 10 (4) 5 (4) �.99

Abbreviation: ED, emergency department.
aThe denominator differs for each variable depending on the number of

responses received.

Table 3. Results of Multivariate Analysis in 360 Patients
With Acute Conjunctivitis

Variable

Adjusted Odds
of a Negative Culture

(95% CI)

Age �6 y 3.1 (1.7-5.4)
Presentation in April-November 2.7 (1.6-4.5)
No or watery discharge 3.2 (1.9-5.3)
No glued eye in the morning 3.3 (1.8-6.1)

Abbreviation: CI, confidence interval.
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The literature involving adults suggests that the
prevalence of bacterial conjunctivitis is approximately
35%,8 implying that as children get older, the likelihood
of a positive culture decreases. The study by Patel et al9

included children up to 18 years old but found no sig-
nificant difference in the mean age of children with and
without positive cultures. This may have been due to
their relatively small sample size and the fact that most
patients presenting with acute conjunctivitis were
infants and toddlers.

We sought to identify children at low risk for bacterial
conjunctivitis on the basis of history and physical exami-
nation findings. We chose to define low risk as a high prob-
ability of having a negative culture because we believed
that this definition would be most useful to the clinician.
Children with negative cultures most likely have viral or
allergic conjunctivitis and do not need topical antibiot-
ics. Patients were enrolled consecutively for an entire year
to determine the true incidence of disease and to deter-
mine the role that time of year might play in prediction.

Age 6 years and older, absence of a glued eye in the
morning, no or watery discharge, and presentation in April
through November were the variables found to be most
associated with having a negative bacterial culture. We
combined these 4 predictors and created a simple deci-
sion rule. When 3 of the 4 predictors were present, the
probability of the child having a negative culture was high.
When all 4 predictors were present, the probability was
greater than 90%. The rule is user specific and allows the
clinician to decide how many variables need to be pres-
ent before he or she withholds antibiotics. Consisting of

only 4 predictors, the rule is not cumbersome and is easy
to remember.

Despite the fact that most cases of conjunctivitis oc-
cur in younger children, many factors classically associ-
ated with nonbacterial conjunctivitis (ie, eye itch, for-
eign body sensation, eye burning, eye pain, photophobia,
and sore throat) could not reliably be recorded in younger
children. We found that this model performed better in
older children than in the overall sample. Moreover, when
analyzing only older children, only 1 additional subjec-
tive variable, no sore throat, aided in the prediction of a
negative culture.

There were some limitations associated with this
study. Although all clinicians received training about
collection of specimens for culture at study implemen-
tation, technique may have changed across time, and
retraining was variable. It is also possible that clinicians
may not have obtained adequate specimens owing to
lack of patient cooperation. However, the largest per-
centage of positive cultures was obtained in younger
children, who are often uncooperative. In addition, the
patient population is located in the northeastern United
States, where there is a seasonal variation in causes of
conjunctivitis. Regions that experience less seasonal
variation may find the prediction rule less useful.

Another limitation is that we did not specify the ex-
act duration of symptoms that was required to define a
patient’s conjunctivitis as acute. It is possible that prac-
titioners may have excluded some patients whose symp-
toms they did not feel were acute. However, a post hoc
analysis of these data showed that only 2 patients (0.5%)
presented with symptoms lasting longer than 14 days.

This study was designed to assist clinicians in mak-
ing the diagnosis of nonbacterial conjunctivitis. It is still
unclear whether all children with bacterial conjunctivi-
tis need to be treated initially with topical antibiotics or
whether a wait-and-see approach, as suggested by Everitt
et al,11 is a better strategy. Whereas a few studies2,3 have
shown that most children with bacterial conjunctivitis
will demonstrate clinical cure after a week regardless of

Table 4. Number of Predictors and Probability
of a Negative Culture

No. of
Predictors

Positive
Culture, %
(n=231)

Negative
Culture, %
(n=129)

Probability
of a Negative

Culture, %
(95% CI)

0 29.0 7.0 11.8 (6.4-21.0)
1 45.5 21.7 21.1 (15.0-28.8)
2 19.5 29.5 45.8 (35.5-56.5)
3 5.6 32.6 76.4 (63.6-85.6)
4 0.4 9.2 92.3 (66.1-98.2)

Abbreviation: CI, confidence interval.

Table 5. Results of Multivariate Analysis by Age Group

Variable

Adjusted Odds
of a Negative Culture

(95% CI)

Age �6 y (n=88)
Presentation in April-November 3.5 (1.1-10.9)
No or watery discharge 4.8 (1.6-14.5)
No glued eye in the morning 7.9 (1.9-32.2)
No sore throat 4.1 (1.2-14.5)

Age �6 y (n=272)
No or watery discharge 2.8 (1.6-4.9)
No glued eye in the morning 3.0 (1.5-6.3)

Abbreviation: CI, confidence interval.

Table 6. Number of Predictors and Probability
of a Negative Culture

No. of
Predictors

Positive
Culture, %

Negative
Culture, %

Probability
of a Negative

Culture, %
(95% CI)

Age �6 ya (n=33) (n=55)
0 3.0 0 0 (NA)
1 51.5 7.3 19.0 (7.8-40.2)
2 27.3 21.8 57.7 (36.4-75.6)
3 15.2 52.7 85.3 (69.7-93.4)
4 3.0 18.2 90.9 (61.5-97.9)

Age �6 yb (n=198) (n=74)
0 68.7 39.2 17.6 (12.5-24.1)
1 27.3 39.2 34.9 (25.6-45.7)
2 4.0 21.6 66.7 (46.5-82.0)

Abbreviations: CI, confidence interval; NA, not applicable.
aThe 4 predictors were presentation in April through November, no or

watery discharge, no glued eye in the morning, and no sore throat.
bThe 2 predictors were no or watery discharge and no glued eye in the

morning.
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treatment, others2,12,13 have suggested that children with
bacterial conjunctivitis are cured more rapidly when
treated with antibiotics.

In conclusion, the medical community is concerned
about the excessive use of antibiotic drugs and the rapidly
growing rate of bacterial resistance. These data suggest that
the combination of 4 clinical factors (age �6 years, pre-
sentation in April-November, no or watery discharge,11 and
the absence of glued eyes in the morning) may aid clini-
cians in identifying children at low risk for bacterial con-
junctivitis. If these findings are validated in other popula-
tions, we may be able to limit routine antibiotic drug
administration for children with acute conjunctivitis.
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“You do not really understand something
unless you can explain it to your grand-
mother.”

—Dave Barry
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