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background

 

In February 2002, clinicians at the Dartmouth College Health Service recognized an out-
break of conjunctivitis; cultures of conjunctival swabs implicated 

 

Streptococcus pneumoniae.

 

An investigation was begun to determine the extent of the outbreak, confirm the cause,
identify modes of transmission, and implement control measures.

 

methods

 

Investigators reviewed the health service’s data base for diagnoses of conjunctivitis.
Viral and bacterial cultures were obtained from ill students. Bile-soluble isolates that
were susceptible to ethylhydrocupreine (optochin) and therefore were presumed to be
pneumococci underwent serotyping, capsular staining, pulsed-field gel electrophoresis,
a DNA probe, and multilocus sequence typing. A cohort study of risk factors was con-
ducted with the use of the Internet. Control measures included distribution of alcohol-
based hand gel and messages about prevention.

 

results

 

Among 5060 students, 698 (13.8 percent) received a diagnosis of conjunctivitis from
January 1, 2002, through April 12, 2002, including 22 percent of first-year students. Pre-
sumed pneumococci were isolated from 43.3 percent of conjunctival swabs (110 of 254);
viral cultures performed on 85 specimens were negative. DNA probes and multilocus
sequence typing confirmed that the organisms were pneumococci, although the bacte-
ria did not have the characteristic capsule. On pulsed-field gel electrophoresis, strains
were found to be identical to pneumococci that caused outbreaks of conjunctivitis in
other parts of the country in 1980. Analysis of survey data from 1832 students indicated
that close contact with a student with conjunctivitis, wearing contact lenses, member-
ship on a sports team, and attending parties at or living in a fraternity or sorority house
were associated with conjunctivitis. The rate of diagnosis of conjunctivitis declined
after the implementation of control measures and after spring break.

 

conclusions

 

This large outbreak of conjunctivitis on a college campus was caused by an atypical,
unencapsulated strain of 

 

S. pneumoniae

 

 that was identical to strains that had caused out-
breaks two decades earlier.

abstract
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treptococcus pneumoniae 

 

is a

 

primary cause of meningitis and pneumo-
nia.

 

1,2

 

 The bacterium is also responsible
for a substantial proportion of milder infections,
including otitis media and sinusitis.

 

3,4

 

 Pneumococ-
ci are cited as a common cause of sporadic conjunc-
tivitis.

 

5-7

 

 Although outbreaks of conjunctivitis are
not unusual, few outbreaks of pneumococcal con-
junctivitis have been reported, and little is known
about transmission, risk factors, and control of the
infection.

 

8-10

 

From January 1, 2002, through February 15,
2002, 197 students received diagnoses of conjunc-
tivitis at Dartmouth College in New Hampshire (Fig.
1). A viral cause was initially suspected, but cultures
of conjunctival swabs collected from 12 students
grew bacteria identified as 

 

S. pneumoniae.

 

 Because
of the number of cases and the unusual cause, an
investigation began. Objectives of the investigation
were to determine the extent of the outbreak, con-
firm the cause, identify risk factors for infection,
and implement control strategies.

 

episodes of conjunctivitis

 

Discharge data from the Dartmouth College Health
Service were reviewed for diagnoses of conjunctivi-
tis occurring from January 1, 2002, through April 12,
2002. Visits to the health clinic for conjunctivitis by
the same student occurring more than 14 days apart
were considered to represent separate episodes.
Members of the health staff of the clinic were mon-
itored for conjunctivitis.

 

laboratory tests

 

Clinicians obtained conjunctival swabs from stu-
dents with symptoms of conjunctivitis. Specimens
were sent to the Dartmouth–Hitchcock Medical Cen-
ter for culture and identification. Subcultures of pre-
sumed 

 

S. pneumoniae

 

 isolates were sent to the Cen-
ters for Disease Control and Prevention (CDC) for
testing of solubility in bile and susceptibility to eth-
ylhydrocupreine (optochin), serotyping (quellung
reaction), antimicrobial-susceptibility testing by
broth microdilution,

 

11

 

 capsular staining,

 

12

 

 pulsed-
field gel electrophoresis (PFGE),

 

13

 

 multilocus se-
quence typing,

 

14

 

 analysis with a DNA probe (Accu-

s
methods

 

Figure 1. Diagnoses of Conjunctivitis in 698 Students at the Dartmouth College Health Service, According to the Date of 
the Clinic Visit.

 

Repeated diagnoses of conjunctivitis (in 34 students; blue bars) represent those made more than 14 days after the initial di-
agnosis.

N
o.

 o
f C

as
es

Date of Presentation to Health Service

35

30

25

20

15

10

5

0

04
/0

9/
02

03
/2

6/
02

03
/1

2/
02

02
/2

6/
02

02
/1

2/
02

01
/2

9/
02

01
/1

5/
02

01
/0

1/
02

Hand gel
distributed
March 12

Spring break
March 14–25

Initial diagnosis
Repeated diagnosis

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

348;12

 

www.nejm.org march 

 

20

 

, 

 

2003

 

The

 

 new england journal 

 

of

 

 medicine

 

1114

 

Probe 

 

Streptococcus pneumoniae,

 

 Gen-Probe),

 

15

 

 and
sequencing of the 16S ribosomal RNA (rRNA). Re-
sults of multilocus sequence typing were compared
with data from a large data base of pneumococcal
sequences

 

16

 

; 16S rRNA was amplified with the use
of primers f D1 and rD1 and sequenced with the use
of 16 primers, including those described previ-
ously.

 

17

 

 The Basic Local Alignment Search Tool
(National Center for Biotechnology Information)
was used to find the closest 16S rRNA match in
GenBank. For comparison, we performed capsular
staining and PFGE testing on isolates from out-
breaks of pneumococcal conjunctivitis in New York
and California in 1980 and in Illinois in 1981.

Viral cultures were performed on the first 15 con-
junctival swabs that were obtained; cultures were
performed at the laboratory of the New Hampshire
Department of Health and Human Services with the
use of rhesus-monkey kidney cells and human fore-
skin diploid cells, with screening for adenovirus by
direct immunofluorescence staining (Chemicon In-
ternational). Seventy subsequent specimens were
tested at the CDC by viral culture (i.e., A549 cells)
and indirect immunofluorescence staining (Chemi-
con International); 15 of these specimens were test-
ed for adenovirus by polymerase-chain-reaction
(PCR) assay.

 

assessment of risk factors

 

A cohort study was conducted to assess risk factors
for conjunctivitis; survey questions addressed symp-
toms of conjunctivitis, demographic variables, and
exposure to persons with conjunctivitis.

 

18

 

 The 56-
item questionnaire was placed on a college-protect-
ed Web site. An e-mail message was sent out, en-
couraging students, faculty members, and staff
members to complete the questionnaire. Responses
were forwarded electronically to a data base.

 

18

 

 A re-
sponse to the survey was considered to indicate in-
formed consent.

Our criteria for an episode of conjunctivitis among
survey respondents were their reports of the follow-
ing eye symptoms: redness; gray or yellow discharge;
itching, burning, pain, or dryness; and crusting in
the morning. We used university data bases to com-
pare the demographic characteristics of those who
responded to the survey with the characteristics of
those who did not respond.

 

study of carriage

 

Two of every five students who responded to the
questionnaire were invited to participate in an inves-
tigation of pharyngeal carriage.

 

18

 

 After obtaining

written informed consent, investigators used calcium
alginate–treated swabs to obtain conjunctival, na-
sopharyngeal, and oropharyngeal specimens. Swabs
were placed in skim milk, tryptone, glucose, and
glycerol medium,

 

19

 

 frozen, and sent to the CDC for
culture, identification, serotyping, and PFGE. Labo-
ratory results were linked to responses to the ques-
tionnaire.

 

control of transmission

 

To limit transmission of infection, we disseminated
messages about prevention through e-mail, post-
ers, and the daily college newspaper. Messages about
prevention encouraged students, staff members,
and faculty members to wash their hands frequent-
ly, to avoid sharing eating utensils, and to seek care
for symptoms of conjunctivitis. Once the bacterial
cause was known, a topical antibiotic (sulfacetamide
or bacitracin) was recommended for students with
symptoms of conjunctivitis. Two days before spring
break, we distributed 4-oz bottles of alcohol-based
hand gel (Endure 300, Ecolab) to undergraduate stu-
dents through the college mailroom.

To evaluate control measures, we continued to
track visits to the health service for conjunctivitis
after spring break. All students visiting the health
service the week after spring break were asked to
complete a seven-item questionnaire. Information
requested included the reason for the visit, whether
the hand gel had been retrieved from the student’s
mailbox, and how much they had used.

Local primary care clinicians, ophthalmologists,
and optometrists were alerted to the outbreak by
telephone. Health departments and college health
officials were notified of the outbreak through the

 

Morbidity and Mortality Weekly Report,

 

20

 

 and an e-mail
list for college health services.

 

statistical analysis

 

Statistical analyses for the cohort study of risk fac-
tors were conducted with the use of Epi Info 2000
software (CDC) and SAS software, version 8 (SAS
Institute). Logistic regression was used to construct
multivariable models of factors independently as-
sociated with conjunctivitis. P values of 0.05 or less
were considered to indicate statistical significance.
In the study of carriage, we conducted a univariate
analysis of risk factors for carriage of the outbreak
strain as defined by PFGE. Associations of risk fac-
tors with carriage for which the P value was 0.05 or
less by the chi-square test were considered to be
significant.
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magnitude of the outbreak

 

Among 5060 students enrolled at Dartmouth Col-
lege for the winter term of 2002, 698 (13.8 percent)
were given a diagnosis of conjunctivitis between
January 1, 2002, and April 12, 2002 (Fig. 1). During
similar periods in 2000 and 2001, 66 and 92 stu-
dents, respectively, were given a diagnosis of con-
junctivitis. In 2002, attack rates among 3682 un-
dergraduate and 1378 graduate students were 18.7
percent and 2.5 percent, respectively. Among under-
graduate students, attack rates were highest among
first-year students (22.3 percent), followed by soph-
omores (19.9 percent), juniors (18.0 percent), and
seniors (16.1 percent). No clinicians at the student
health service received a diagnosis of conjunctivitis.
Of 698 students evaluated for conjunctivitis, 34 (4.9
percent) had repeated infections.

 

laboratory results

 

Conjunctival swabs were obtained from 254 stu-
dents for bacterial culture. Bacteria isolated from
110 of these swabs (43.3 percent) were identified as

 

S. pneumoniae

 

 by optochin-sensitivity and bile-solu-
bility testing. Nineteen (7.5 percent) grew 

 

Haemoph-
ilus influenzae;

 

 one specimen grew both 

 

S. pneumoniae

 

and

 

 H. influenzae.

 

 A DNA probe identified all pre-
sumed pneumococcal isolates tested (30 of 30) as

 

S. pneumoniae.

 

 Of 12 presumed 

 

S. pneumoniae 

 

isolates
evaluated at the CDC, all were susceptible to optochin
and soluble in bile. None of the isolates, however,
could be serotyped, and capsular staining indicated
that the bacteria did not have a polysaccharide cap-
sule. The pneumococci were susceptible to penicil-
lin (minimal inhibitory concentration, <0.03 µg per
milliliter), amoxicillin, ciprofloxacin, tetracycline,
and trimethoprim–sulfamethoxazole; all 12 isolates
were resistant to erythromycin (minimal inhibitory
concentration, 64 µg per milliliter).

PFGE testing showed two distinct but closely re-
lated patterns of banding (Fig. 2). Multilocus se-
quence typing of isolates representing the two PFGE
patterns revealed allelic profile ST448 

 

(aroE8, gdh5,
gki2, recP27, spi2, xpt11, ddl71).

 

 Although each of
these alleles except 

 

ddl71

 

 has been previously noted
in pneumococcal clones that could be serotyped,
ST448 was dissimilar to pneumococcal profiles pre-
viously reported on multilocus sequence typing
(≤3 matches) and had been reported only once be-
fore in this large data base. The 16S rRNA was 99.4
percent similar to the corresponding sequence of

TIGR4, the reference strain of 

 

S. pneumoniae

 

 whose
sequence is included in GenBank.

 

21

 

Capsular staining of isolates from outbreaks of
conjunctivitis in New York and California in 1980
and in Illinois in 1981 showed that these bacteria
also did not have a capsule. PFGE patterns of the
strains from New York and California were identi-
cal to that of the New Hampshire strain (Fig. 2).

A total of 85 specimens were cultured and were
negative for viral growth; adenoviral immunoflu-
orescence staining of these specimens was also
negative, as were PCR assays for adenovirus in 15
specimens.

 

risk-factor survey

 

Of 3682 undergraduate students, 1832 (49.8 per-
cent) responded to the Internet-based survey. Dem-
ographic characteristics of respondents differed
somewhat from those of nonrespondents (Table 1).
Among 1832 respondents, 288 (15.7 percent) met
the criteria for conjunctivitis; 456 (24.9 percent)
reported eye redness, 386 (21.1 percent) reported
discharge, 493 (26.9 percent) reported pain, and 481
(26.3 percent) reported crusting. The mean dura-
tion of symptoms was 5.9 days (range, 1 to 43).
Smaller proportions of students reported swelling
of the eyelid (12.7 percent), photophobia (13.6 per-
cent), and vision problems (11.9 percent). Of the
respondents, 146 (8 percent) missed classes be-
cause of eye symptoms and 191 (10.4 percent) re-
ported more than one episode of conjunctivitis. Of
the 288 students reporting symptoms that met the
criteria for conjunctivitis, 209 (72.6 percent) saw a
health care provider. Among those who saw a health
care provider, we found no significant difference in
the duration of symptoms between students who
reported using antibiotic eyedrops (189 students;
median duration, 5.0 days) and students who did not
(22 students; median duration, 4.5 days; P=0.93).

Several factors were associated with conjunc-
tivitis in the univariate analysis, including having
a roommate with conjunctivitis (relative risk, 2.14;
P<0.001), having another close contact with con-
junctivitis (relative risk, 1.98; P<0.001), membership
on a varsity sports team (relative risk, 1.60; P<0.001),
going to a gym (relative risk, 1.40; P=0.005), at-
tending a fraternity or sorority party (relative risk,
2.51; P<0.001), living in a fraternity house (relative
risk, 1.55; P=0.05), wearing contact lenses (relative
risk, 1.27; P=0.03), sleeping while wearing contact
lenses (relative risk, 1.51; P=0.003), smoking (rel-
ative risk, 1.52; P<0.001), and sharing drinking

results
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glasses (relative risk, 1.36; P=0.01). Students with
conjunctivitis had more roommates (t-test statistic,
2.40; P=0.02) and reported going to a gym more of-
ten (t-test statistic, 3.80; P<0.001). The self-reported
frequency of hand washing and sharing of towels
was not significantly associated with conjunctivitis.

On multivariable analysis, having close contact
with someone with conjunctivitis, attending a party
at or living in a fraternity or sorority house, wearing
contact lenses, and being a first-year student were
significantly associated with conjunctivitis (Table 2).
We found a significant interaction between mem-
bership on a varsity sports team and having a room-
mate with conjunctivitis.

 

rates of carriage

 

Of 787 students invited, 244 (31.0 percent) agreed
to participate in the study of carriage. 

 

S. pneumoniae

 

was isolated from the pharyngeal specimens of 30
of these students (12.3 percent) (Table 3); 20 of the
isolates (66.7 percent) could not be serotyped. PFGE
patterns for 13 of the pharyngeal isolates that could
not be serotyped matched isolates from eyes of stu-
dents with conjunctivitis. 

 

S. pneumoniae

 

 was isolat-
ed from the conjunctival specimens of six of the
participating students (2.5 percent); all six isolates
matched the outbreak strain on PFGE.

Among participants in the study of carriage, 47
(19.3 percent) reported recent eye symptoms that

 

Figure 2. Pulsed-Field Gel Electrophoresis of Isolates from Eyes of Students with Conjunctivitis during Outbreaks in New 
York in 1980 (Lanes A and B), in California in 1980 (Lanes C and D), in Illinois in 1981 (Lanes E and F), and in New Hamp-
shire in 2002 (Lanes G through R).

A B C D E F G H I J K L M N O P Q R
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met the criteria for conjunctivitis. Of these 47, 11
(23.4 percent) had the outbreak strain isolated from
their pharynx or conjunctiva. Eleven of 16 students
carrying the outbreak strain (68.8 percent) had symp-
toms meeting criteria for conjunctivitis during the
previous three weeks; 9 of 16 (56.2 percent) were
asymptomatic at the time of the carriage study.

Of 6 students with the outbreak strain isolated
from conjunctival cultures, 5 (83.3 percent) had
symptoms consistent with conjunctivitis, as com-
pared with 8 of 13 students with the strain in their
pharynx (61.5 percent). Overall, students who car-
ried the outbreak strain in either site were more like-
ly to meet the criteria for conjunctivitis than students
who did not carry the outbreak strain (68.8 percent
[11 of 16] vs. 15.8 percent [36 of 228]; relative risk,
4.35; P<0.001). Having a roommate with conjunc-
tivitis (relative risk, 3.65; P=0.02) was the only ex-
posure-related factor that was significantly associ-
ated with carriage of the outbreak strain.

 

efficacy of control efforts

 

Visits to the student health center for conjunctivitis
declined after distribution of hand gel (Fig. 1). Of

181 students who visited the health center during
the week after spring break, 167 (92.3 percent) re-
ported retrieving the hand gel from their mailboxes;
106 of those who retrieved it (63.5 percent) used it at
least once, 49 (29.3 percent) used at least half the
bottle, and 6 (3.6 percent) finished the bottle. Twen-
ty-two of the students who visited the health center
during the week after spring break (12.2 percent)
visited because of symptoms of conjunctivitis; no
association was found between the use of hand gel
and conjunctivitis.

In late February, the director of the Princeton
University Health Service noted an increase in the
number of students visiting the clinic with symp-
toms of conjunctivitis. Because of the notice posted
on the e-mail list for college health services, the
Princeton outbreak was reported to the New Jersey
Department of Health and Senior Services. Cultures
of conjunctival swabs obtained from symptomatic
students at Princeton grew 

 

S. pneumoniae

 

 that could
not be serotyped, and on PFGE, 11 isolates were
identical to the strain identified at Dartmouth. From
February 15, 2002, through March 20, 2002, a total
of 274 Princeton students were given a diagnosis of
conjunctivitis.

This report describes a large outbreak of con-
junctivitis caused by an unencapsulated strain of
S

 

. pneumoniae.

 

 During the outbreak, 698 students
received diagnoses of conjunctivitis, including 22
percent of first-year students. More than 1 in 20 stu-
dents carried the outbreak strain at the time of our
investigation. Students carried the outbreak strain
after conjunctivitis symptoms had resolved; some
students carried the strain without having symp-
toms. Analysis of risk factors suggested that the
outbreak strain was highly transmissible from per-
son to person; students who reported having had
close contact with a student with conjunctivitis and
those who participated in activities that involved
physical contact were more likely to become infect-
ed. The organism was probably spread through res-
piratory secretions from students carrying the bac-
teria, as is the case with typical pneumococci, and
through contact with eye secretions of students with
conjunctivitis.

Initially, we were unsure whether the outbreak
strain was a pneumococcus. Typical pneumococci
have a polysaccharide capsule, which is considered
a key virulence factor. Among 14,643 isolates of
pneumococci causing invasive disease from 1998

discussion

 

* The class was unknown for 120 nonrespondents, who 

 

were excluded from this analysis.

 

Table 1. Characteristics of Undergraduates Who 
Responded to the Questionnaire and Those 
Who Did Not Respond.

Characteristic
Respondents

(N=1832)
Nonrespondents

(N=1850)
P 

Value

 

no. (%)

 

Sex

 

Female 1011 (55.2) 769 (41.6) <0.01

 

Class*

 

First year 566 (30.9) 553 (32.0) 0.49

Sophomore 421 (23.0) 454 (26.2) 0.02

Junior 312 (17.0) 244 (14.1) 0.02

Senior 533 (29.1) 479 (27.7) 0.35

 

Residence

 

Fraternity 84 (4.6) 122 (6.6) 0.01

Sorority 57 (3.1) 36 (1.9) 0.02

Residence hall 1323 (72.2) 1351 (73.0) 0.58

Off campus 254 (13.9) 280 (15.1) 0.27

Other 114 (6.2) 61 (3.3) <0.01
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through 2001, 99.6 percent had an identifiable cap-
sular serotype (unpublished data). DNA–DNA reas-
sociation is considered the definitive test for the
evaluation of a species.

 

22

 

 Preliminary results of such
testing indicate that this unencapsulated strain is

 

S. pneumoniae

 

 (unpublished data). Other evidence
collected to date, including susceptibility of the iso-

late to optochin, solubility in bile, reaction to a DNA
probe, results of multilocus sequence typing, and
sequencing of 16S rRNA, also suggests that this
strain is a pneumococcus. Further studies are need-
ed to explain how, in contrast to typical pneumococci,
certain unencapsulated strains are capable of caus-
ing large outbreaks and why they cause conjunctivi-

 

* Data are the results of the Web-based cohort study involving 1832 students. Only students who responded are shown for 
each variable. Conjunctivitis was defined by self-report of eye redness; gray or yellow discharge; itching, burning, pain, or 
dryness; and crusting in the morning. Odds ratios and P values were determined by stepwise logistic-regression analysis. 
The final model contained all types of exposure listed. CI denotes confidence interval.

† Data are the numbers of students with conjunctivitis among those with and those without prolonged close contact with a 

 

person other than a roommate (e.g., member of a study group, girlfriend, or boyfriend) who had conjunctivitis.

 

Table 2. Types of Exposure Significantly Associated with Conjunctivitis According to Multivariable Logistic-Regression 
Analysis.*

Type of Exposure
No. with Conjunctivitis/

No. Responding (%)
Adjusted Odds Ratio 

for Conjunctivitis (95% CI)
Adjusted 
P Value

Wearing contact lenses

 

Yes 137/764 (17.9) 1.47 (1.12–1.93) 0.005

No 149/1054 (14.1) 1.00

 

Close contact with ill student†

 

Yes 126/516 (24.4) 1.74 (1.31–0.32) <0.001

No 162/1311 (12.4) 1.00

 

Attending fraternity or sorority party

 

Yes 253/1357 (18.6) 2.11 (1.41–3.15) <0.001

No 34/457 (7.4) 1.00

 

Living in a fraternity house

 

Yes 20/84 (23.8) 2.12 (1.18–3.83) 0.01

No 268/1743 (15.4) 1.00

 

Living in a sorority house

 

Yes 14/57 (24.6) 2.10 (1.01–4.35) 0.05

No 274/1770 (15.5) 1.00

 

Sports-team membership and roommates

 

Team member and roommate ill 11/50 (22.0) 1.54 (0.75–3.14) 0.24

Team member and roommate well 52/227 (22.9) 1.84 (1.27–2.66) 0.001

Not a team member and roommate ill 58/191 (30.4) 2.43 (1.67–3.52) <0.001

Not a team member and roommate well 152/1280 (11.9) 1.00

 

Class

 

First year 119/566 (21.0) 2.14 (1.46–3.12) <0.001

Sophomore 65/421 (15.4) 1.47 (0.97–2.23) 0.07

Junior 40/312 (12.8) 0.96 (0.59–1.56) 0.87

Senior 64/533 (12.0) 1.00
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tis rather than other pneumococcal syndromes. The
high attack rate suggests that few students had pre-
existing immunity to this strain. The absence of a
capsule may limit this strain’s ability to cause more
serious infections.

Outbreaks of conjunctivitis are not unusual.
Large outbreaks of adenoviral conjunctivitis have
occurred on military bases,

 

23

 

 in eye clinics,

 

24,25

 

and in child care centers.

 

26

 

 Outbreaks of bacterial
conjunctivitis also have been described, including
haemophilus conjunctivitis in schools,

 

27

 

 child care
centers,

 

28

 

 and communities,

 

29

 

 and moraxella con-
junctivitis at a boarding school.

 

30

 

 Previous out-
breaks have been attributed to transmission from a
common source or prolonged close contact with
affected persons. Although few large outbreaks of
pneumococcal conjunctivitis have been reported,
this strain of pneumococcus appears to be well suit-
ed to a residential college environment. The out-
break strain was identical on PFGE to strains that
had caused outbreaks of conjunctivitis among col-
lege students in New York and California in 1980;
evidence recorded on the Multi Locus Sequence
Typing Web site

 

16

 

 indicates that this nonencapsu-
lated strain is also present in Europe. No outbreaks
caused by this strain have been reported for 20 years,
although outbreaks due to other unencapsulated
pneumococci have been reported. An unencapsulat-
ed pneumococcus that differed from our outbreak
strain on PFGE caused an outbreak among college
students in Illinois in 1981.

 

10

 

 In 1996, a strain that
differed from the 1980 and 1981 outbreak strains
according to PCR analysis with BOXA1R oligonu-

cleotide primers caused an outbreak of conjunctivi-
tis among attendees of a military training school in
Illinois.

 

9

 

None of the members of the health center staff
developed conjunctivitis during the outbreak, de-
spite a regular flow of patients through the clinic.
This experience differs markedly from those in oth-
er reported outbreaks of adenoviral conjunctivitis,
in which health care settings have served as amplifi-
ers and strict infection-control practices have been
required in order to end the outbreaks.

 

25

 

 The ab-
sence of conjunctivitis among exposed health care
workers suggests that contact with infected patients
in a health care setting is not an efficient route of
transmission for pneumococcal conjunctivitis.

We used electronic data sources to speed up data
acquisition, analysis, and public health action.

 

18

 

 In
2000, Dartmouth ranked as the fifth “most wired”
college in the country.

 

31

 

 The college administration
routinely uses electronic means to contact students
and conduct surveys. We used the college e-mail
system and college-protected Web sites to alert stu-
dents to the outbreak quickly, to provide messages
about prevention, to administer and analyze a sur-
vey, and to recruit subjects for a study of carriage.
The highly wired Dartmouth campus enabled stu-
dents to participate in the investigation at the time
when interest was high and data could be used ef-
fectively.

Whether our interventions to stop the outbreak
were helpful remains unclear. Messages about pre-
vention encouraged students to wash their hands,
seek treatment for symptoms of conjunctivitis, and

 

* The outbreak strain was identified by comparison of results of pulsed-field gel electrophoresis for carriage strains with 
results for clinical isolates. Conjunctivitis was defined by self-report of eye redness; gray or yellow discharge; itching, 
burning, pain, or dryness; and crusting within 21 days before swabbing of the eye. Nasopharyngeal and oropharyngeal 

 

specimens were collected separately but cultured together.

 

Table 3. Carriage of 

 

Streptococcus pneumoniae

 

 and of the Outbreak Strain among 244 Students According to 
Site of Isolation.*

Site of Culture

 

S. pneumoniae

 

 Isolated Outbreak Strain Isolated

 

Total
Criteria for 

Conjunctivitis Met Total
Criteria for 

Conjunctivitis Met

 

number (percent)

 

Conjunctiva 6 (2.5) 5 (83.3) 6 (2.5) 5 (83.3)

Pharynx 30 (12.3) 9 (30.0) 13 (5.3) 8 (61.5)

Either conjunctiva or pharynx 33 (13.5) 12 (36.4) 16 (6.6) 11 (68.8)

Both conjunctiva and pharynx 3 (1.2) 2 (66.7) 3 (1.2) 2 (66.7)
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reduce contact that would foster transmission. In
addition, alcohol-based hand gel was distributed to
undergraduate students. Although the use of hand
gel improves hand hygiene in the hospital set-
ting,

 

32,33

 

 its benefit in the setting of a community
outbreak is unknown. Our evaluation of the effec-
tiveness of hand gel may not have been conclusive
because of the timing of its distribution, just before
the spring break. The number of students given a
diagnosis of conjunctivitis declined markedly after
the break, but whether this decline resulted from
our interventions, decreased contact among stu-
dents during the break, or the fact that there were
no more susceptible students in the college popu-
lation is unknown.

The arrival of spring break was cause for con-
cern as well as celebration. Many students left cam-
pus with active conjunctivitis or as carriers of the
outbreak strain, and some students traveled to plac-
es that are popular vacation spots for college stu-
dents. The outbreak of conjunctivitis at Princeton,
caused by the same strain identified at Dartmouth,
suggests that transmission occurred between the
two campuses. Students from these two Ivy League
schools compete in sporting matches and partici-
pate in a variety of joint social events. Outbreaks at
other college campuses may still occur.

Since the available pneumococcal vaccines work
by inducing type-specific antibodies targeting the
polysaccharide capsule, infection-control measures
are the only available means of controlling outbreaks

and preventing sporadic disease caused by unencap-
sulated pneumococci. New vaccines that are now
being developed target highly conserved pneumo-
coccal surface proteins and could prove to be use-
ful as control measures.

 

34,35

 

 Enzymes with the po-
tential to eradicate carriage may be useful in future
outbreaks.

 

36

 

 When such outbreaks occur, investi-
gators should evaluate whether the use of antibi-
otic eyedrops helps to limit symptoms and transmis-
sion and should determine which infection-control
measures are useful for preventing the spread of
the infection.
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