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Abstract
The aim of the study was to review the distribution, current trends, andmicrobiological characteristics of bacterial pathogens isolated
from dacryocystitis patients in China during the last 15 years.
This is a retrospective multiple-center noncomparative case series. The medical records of 15,452 consecutive patients from 7

cities diagnosed as having dacryocystitis between 2002 and 2016were reviewed. The patients’ demographics, microbiological data,
and antibiotic sensitivity were reviewed and analyzed.
A total of 3344 lacrimal sac content cultures were taken (21.6%) during the study period. A pathogen was identified in 1996

samples (59.7%), with bacterial isolates accounting for 1902 of the positive cultures (95.3%). Gram-positive isolates, gram-negative
isolates, and anaerobic bacteria were found in 1218 (61.0%), 607 (30.4%), and 285 (14.3%) samples, respectively. An increase in
gram-positive isolates over the study duration was found (P= .003). The predominant isolates were coagulase negative
Staphylococci (485, 25.5%), Staphylococcus aureus (186, 9.8%), Pseudomonas aeruginosa (184, 9.7%), and Haemophilus
influenzae (152, 9.0%). There was a trend toward increasing resistance to erythromycin from 10.5% during the first 5 years of the
study to 20.7% during the last 5 years (P< .001). Antimicrobial susceptibility testing showed that gatifloxacin was the most effective
drug against most of gram-positive, gram-negative, and anaerobic bacteria.
The microbial culture rate of dacryocystitis in China is low. There was an increase in the percentage of gram-positive bacteria over

time. The sensitivity of gram-positive isolates to tested antibiotics is relatively low compared with that of gram-negative isolates. Our
data show that the empiric use of fourth-generation fluoroquinolones in refractory dacryocystitis may be justified.

Abbreviations: CNS = coagulase-negative staphylococci, MRCNS = methicillin-resistant coagulase-negative Staphylococci,
MRSA = methicillin-resistant Staphylococcus aureus.
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1. Introduction

Dacryocystitis is an infection of the lacrimal excretory system that
can result in severe morbidity. It commonly occurs in 2 discrete
age categories: infants and adults >40 years of age.[1] Initial
Editor: Khaled Ahmed Abdelrahman.

LC and TF equally contributed to this paper.

The authors were supported by grants from the National Natural Science Foundation
Shanghai (2017YQ055); Shanghai Rising-Star Program (18QA1401100); the Guizhou
Medical Science and Technology Program of Development Center, National Health Co
Shanghai Hospitals (SHDC12014114). The sponsor or funding organization had no ro

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.
a People’s Hospital of Putuo District, Shanghai, b Department of Ophthalmology, Peop
Guizhou Medical University, Guiyang, d Beijing Tongren Eye Center, Beijing Tongren H
Laboratory Beijing, China, eMassachusetts Eye and Ear Infirmary, Harvard Medical Sc
Taixing, g The Affiliated Hospital of Ningbo University, Ningbo, h Rudong Hospital of Tra
Science, Eye, and ENT Hospital, Shanghai Medical College, Fudan University, Shangh
∗
Correspondence: Jiaxu Hong, Department of Ophthalmology and Visual Science, Ey

Road, Shanghai, China (e-mail: jiaxu_hong@163.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons A
permissible to download and share the work provided it is properly cited. The work ca
journal.

Medicine (2018) 97:26(e11318)

Received: 16 March 2018 / Accepted: 6 June 2018

http://dx.doi.org/10.1097/MD.0000000000011318

1

treatments for dacryocystitis involve the application of local
warmth and oral antibiotics; however, incision and drainage may
be considered if the infection produce an abscess in the
perilacrimal soft tissue. Dacryocystorhinostomy is ususally
recommended for patients with chronic dacryocystitis.
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Table 1

Clinical characteristics of dacryocystitis patients investigated for
microorganism cultures in China from 2002 to 2016 (n=3344).

Variables Values

Age, y 61.1±17.1 (range, 2–96)
Female, % 2,384 (71.3%)
Duration of symptoms 8.2±7.4 mo (range, 31 d–21 y)
Occupation, %
Agricultural based 251 (7.5%)
Nonagricultural based 1,247 (37.3%)
Retired 1,846 (55.2%)

Dacryocystitis
Chronic 2,321 (69.4%)
Acute 435 (13.0%)
No records 589 (17.6%)

Previous antibiotic usage
Yes 358 (10.7%)
No 2,407 (72.0%)
No records 579 (17.3%)

Patient origin
East China 2,388 (71.4%)
North China 635 (19.0%)
South China 321 (9.6%)
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Bacterial dacryocystitis accounts for 60.8% to 94.9% of all
lacrimal sac infections.[2–4] Early identification of the causative
bacterial isolates and knowledge of their sensitivities to available
antibiotics are important for effective treatment. Broad-spectrum
antibiotics are usually administered as initial treatments.
Currently, many community-based ophthalmologists in China
use monotherapy with a second- or third-generation fluoroquin-
olone as empiric therapy, with or without microbial cultures, for
the treatment of chronic dacryocystitis.
With widespread use of fluoroquinolones, a corresponding

change in ocular surface flora and susceptibility to antibiotics may
occur, particularly in gram-positive bacteria.[5,6] The emergence of
resistance has been most significant in methicillin-resistant
Staphylococcus aureus (MRSA) and methicillin-resistant coagu-
lase-negative Staphylococci (MRCNS), basedon reports fromboth
the United States and China, which showed increasing prevalence
of these isolates in the community.[7,8] Regional differences exist in
the microbial isolates encountered in dacryocystitis, as well as in
their pattern and magnitude of resistance to available antibiotics.
Such differences are due to the distribution of types of resistant
bacterial strains and the antimicrobial agents used.[1] Therefore,
epidemiologic studies are essential for providing evidence-based
therapy for bacterial dacryocystitis.
This study attempted to identify and define microbiological

characteristics of bacterial dacryocystitis and its antibiotic
susceptibility patterns, based on data from 7 major Chinese
cities. Trends in bacterial isolates and their susceptibility to
common antibiotics over the last 15 years were also explored.

2. Methods

This study conformed to the provisions of the Declaration of
Helsinki and was approved by the Institutional Research Ethics
Board of Shanghai Eye, Ear, Nose and Throat Hospital, Fudan
University. All patients with acute or chronic dacryocystitis from
January 1, 2002, through December 31, 2016, from 7 major
Chinese cities (East China: Shanghai, Taixing, Rugao, and
Yangzhong; North China: Beijing; South China: Guiyang and
Ningbo) were included in the study. The study was divided into 3
periods for analysis: 2002 to 2006, 2007 to 2011, and 2012 to
2016. Acute dacryocystitis was diagnosed in patients with
tenderness, erythema, and swelling in the lacrimal sac area.[4]

Chronic dacryocystitis was diagnosed in patients with regurgita-
tion of mucoid or mucopurulent discharge with the application of
pressure over the lacrimal sac area or with irrigation of the
lacrimal drainage system lasting 2 or more weeks.[4]

If applicable, an antiseptic with 5% povidone-iodine was
applied to the conjunctival sac, and the patients’ lacrimal sac
contents were then collected with sterile cotton wool swabs by
applying pressure over the lacrimal sac and examining the area
for the presence of bacteria and fungus. Selected samples were
also inoculated into 5% sheep blood agar within an anaerobic
jar. All samples were inoculated into plates of 5% sheep blood
agar, a chocolate agar plate, and a thioglycollate broth, and were
then incubated aerobically. All inoculated media were incubated
at 35°C for 3 days.[4] Gram staining was routinely prepared.
Bacteria and fungi were identified by standard phenotypic
methods. In vitro susceptibility of bacteria was determined
routinely by the Kirby-Bauer disk diffusion method according to
the Clinical and Laboratory Standards Institute guidelines.
Statistical analysis was performed using SPSS software, version

20 (SPSS Inc., Chicago, IL), and Graphpad Prism, version 5
(GraphPad Software, San Diego, CA). Means and standard
2

deviations were used for continuous variables; rates and
percentages were used for categorical variables. The x2 test
and Fisher exact test were used to test the qualitative
distributions. The Spearman correlation coefficient was used to
test for trends. A P value of <.05 was considered statistically
significant.
3. Results

3.1. Patients’ demographics

During the 15-year period of the study from 2002 through 2016,
3,344 lacrimal sac content samples were taken from 15,452
dacryocystitis patients. As shown in Table 1, among the
dacryocystitis patients investigated for microorganism cultures,
2,384 (71.3%) were female, and ages ranged from 2 to 96 years
of age, with a median age of 61.1 years. The majority of patients
were retired (55.2%).Most patients were diagnosed with chronic
dacryocystitis (69.4%). Most of the patients enrolled were from
East China (71.4%). Although the culture rate was low in
dacryocystitis patients (3,344 of 15,452, 21.6%), there were no
differences in age (P= .563), sex (P= .879), duration of symptoms
(P= .295), subtypes of dacryocystitis (P= .540), or patient origin
(P= .415) between sampled patients and total patients. There
was, however, a significant difference with respect to previous
antibiotic usage (P= .003) between patients investigated for the
microorganism culture and total patients (supplemental Table 1,
http://links.lww.com/MD/C320). Patients without previous an-
tibiotic use were more likely to have undergone examination of
the lacrimal sac contents for bacterial culture. The mean number
of lacrimal sac content samples per year was 223±48 (Fig. 1 and
supplemental Table 2, http://links.lww.com/MD/C320). A sig-
nificant increase in the number of cultures per year was noted
during the 15 years of the study (P< .001).

3.2. Bacterial isolates and current trends

Among the 3344 samples sent for microbiological examination,
positive cultures were obtained from 1996 samples (59.7%). The
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Figure 1. Number of patients, lacrimal sac content samples, and positive
cultures per year.
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percentage of positive cultures per year ranged from 55.2% to
61.5% (supplemental Table 2, http://links.lww.com/MD/C320).
Among them, 10.4% had 2 or more infections. Of the culture-
positive samples, the majority of microorganisms were gram-
positive bacteria (1218 samples, 61.0% of all positive culture
samples), whereas gram-negative bacteria, anaerobic bacteria,
and fungi were found in 607 (30.4%), 285 (14.3%), and 94
(4.7%) samples, respectively (Table 2).
The total number of bacterial isolates over the 15-year period

of the study was 1902 (95.1%). The number of bacteria cultures
per period was 528, 563, and 811, for 2002 to 2006, 2007 to
2011, and 2012 to 2016, respectively. The number and
percentage of gram-positive, gram-negative, and anaerobic
bacteria per period are shown in Figure 2 and Table 3. There
was an increase in the percentage of gram-positive isolates
Table 2

Organisms identified in dacryocystitis patients (n=1996).

Number of
samples

Percentage of
all samples

Gram positive 1218 61.0%
Coagulase-negative Staphylococcus 485 24.3%
Staphylococcus aureus 186 9.3
Streptococcus pneumoniae 150 7.5
Streptococci B-hemolytic group F 110 5.5
Bacillus spp. 96 4.8
Corynebacterium spp. 94 4.7
Not known 97 4.9

Gram negative 607 30.4
Pseudomonas aeruginosa 184 9.2
Haemophilus influenzae 152 7.6
Klebsiella pneumoniae 94 4.7
Enterobacter spp. 52 2.6
Moraxella spp. 40 2.0
Stenotrophomonas maltophilia 32 1.6
Neisseria spp. 12 0.6
Not known 41 2.1

Anaerobe bacteria 285 14.3
Propionibacterium acnes 140 7.0
Peptostreptococcus spp. 42 2.1
Fusobacterium nucleatum 26 1.3
Clostridium spp. 22 1.1
Porphyromonas spp. 18 0.9
Prevotella melaniogenica 14 0.7
Not known 23 1.2

Fungus 94 4.7
Aspergillus flavus 36 1.8
Yeast 30 1.5
Candida parapsilosis 28 1.4

3

(P= .003) but not of gram-negative isolates (P= .662) or
anaerobic bacteria (P= .574).
As shown in Table 3, the most commonly isolated bacteria

were coagulase-negative staphylococci (CNS; 485 samples,
25.5%), S. aureus (186, 9.8%), Streptococcus pneumoniae
(150, 7.9%), Pseudomonas aeruginosa (184, 9.7%), Haemo-
philus influenzae (152, 9.0%), and Propionibacterium acnes
(158, 8.3%), respectively. We detected no changes in percentages
of these common isolated bacteria during the 15 years of the
study.
3.3. Sensitivity to antibiotics of gram-positive
microorganisms

The sensitivity of gram-positive microorganisms to erythromycin
was 55.0% (range, 45.3%–65.8% per period) with a significant
decrease in antibiotic, sensitivity over time (P< .001) No such
decrease was observed for cefazolin (P= .064), sulfamethoxazole
(P= .108), gatifloxacin (P= .152), or vancomycin. The sensitivi-
ties of the isolates tested to cefazolin, sulfamethoxazole, and
gatifloxacin were 68.3% (range, 65.9%–74.2%), 79.3% (range,
76.6%–81.1%), and 86.5% (range, 83.2%–90.9%), respective-
ly. All gram-positive isolates were sensitive to vancomycin
(Fig. 3).
In the subgroup analysis, sensitivity of CNS to erythromycin

was found in 52.4% of the isolates; cefazolin was effective in only
56.4% of the cases. A relatively high-sensitivity profile was found
with sulfamethoxazole, demonstrating 71.3% sensitivity, and
with gatifloxacin, for which the sensitivity was 90.4%. In
addition, we found that 64.9%of S. aureus isolates were sensitive
to erythromycin, whereas 78.1%, 87.6%, and 90.7% were
sensitive to cefazolin, sulfamethoxazole, and gatifloxacin,
respectively. Finally, S. pneumoniae was sensitive to erythromy-
cin, cefazolin, sulfamethoxazole, and gatifloxacin in 76.9%,
87.9%, 71.3%, and 90.3% of the cases.
MRSA was present in 8.1% (15/186) of the S. aureus isolates,

whereas MRCNS was present in 52.0% (252/485) of the tested
isolates, with no significant increasing trend in either microor-
ganism over time (MRSA,P= .968; MRCNS, P= .532; supple-
mental Figures 1 and 2, http://links.lww.com/MD/C320). All
MRSA and MRCNS isolates were 100% sensitive to vancomy-
cin.
P. acnes, a common anaerobic bacteria isolate, was found to be

sensitive to erythromycin, cefazolin, sulfamethoxazole, and
gatifloxacin in 60.9%, 75.9%, 64.8%, and 94.3% of the cases.
None of these isolates were resistant to vancomycin.
3.4. Sensitivity to antibiotics of gram-negative
microorganisms

Of the gram-negative isolates, 74.6% (range, 72.3%–77.4% per
period) were sensitive to gentamicin. The sensitivity to
ciprofloxacin was 85.0% (range, 81.7%–86.0% per period).
Tobramycin and ceftazidime had similar sensitivities of 92.0%
(range, 90.2%–93.2% and 91.4%–93.4%, respectively), where-
as gatifloxacin was most effective, with sensitivity observed in
99.5% of cases (range, 99.3%–99.7%). None of the previously
mentioned antibiotics showed any significant trend in sensitivity
patterns (Fig. 4).
When performing the subgroup analysis, we found that P.

aeruginosa and H. influenzae were 100% susceptible to
gatifloxacin. P. aeruginosa was sensitive to gentamicin, cipro-
floxacin, tobramycin, and ceftazidime in 84.8%, 89.9%, 94.2%,
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Figure 2. Number of gram-positive, gram-negative, and anaerobic bacteria isolates per period.
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and 95.3% of cases, respectively. In addition, 86.4%, 90.3%,
95.1%, and 97.1% ofH. influenzaewere sensitive to gentamicin,
ciprofloxacin, tobramycin, and ceftazidime, respectively.
4. Discussion

To the best of our knowledge, no prior study included a larger
number of lacrimal sac content cultures than this 15-year study
(n=3344). Bacterial isolates, especially gram-positive micro-
organisms, accounted for the majority of positive cultures in
dacryocystitis. There was a trend of increasing gram-positive
infection. We have demonstrated reducing erythromycin sensi-
tivity. MRSA and MRCNS were noted in our series, and all were
sensitive to vancomycin. Among the antibiotics tested, gatiflox-
acin showed the best antimicrobial action on bacterial isolates.
Our positive culture rate was 59.7%. The rate of positive

cultures in previous reports has varied widely, ranging from
8.3% to 100%.[1,4,9,10] These studies have collected samples from
dacryocystitis patients using different procedures, including
placing pressure on the lacrimal sac,[11] irrigating the lacrimal
drainage system,[12] puncturing and aspirating of the lacrimal
Table 3

Most commonly isolated bacteria per period.

Bacteria
2002–2006 2007–20

0 % n

Coagulase-negative Staphylococcus (n=485) 120 22.7 130
Staphylococcus aureus (n=186) 48 9.1 51
Streptococcus pneumoniae (n=150) 35 6.6 38
Total gram-positive (n=1,218) 301 57.0 322
Pseudomonas aeruginosa (n=184) 45 8.5 54
Haemophilus influenzae (n=152) 44 8.3 40
Total gram-negative (n=607) 165 31.3 170
Propionibacterium acnes (n=158) 38 7.2 43
Total anaerobe bacteria (n=285) 71 13.4 85
Total bacterial isolates (n=1902) 528 100.0 563 1
∗
The chi-square test was used to test the percentage of bacterial isolates among different periods.
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sac, and taking samples from the lacrimal sac during
dacryocystorhinostomy.[14] In our study, we used an antiseptic
treatment to reduce the risk of contamination during the sample
collection.
With regard to common bacteria, our results were in agreement

with recent studies from the United States,[13] Nepal,[3]

Thailand,[4] India,[15] and Ethiopia,[16] which have found S.
aureus and S. pneumoniae to be the most common among gram-
positive, and H. influenzae, Serratia marcescens, and P.
aeruginosa the most common gram-negative bacteria. The
immunization of H. influenzae vaccine for children is not
mandatory in China, which may contribute to its infection. In
addition, similar to other report,[12,17] CNS was the most
common bacteria in dacryocystitis, present in 25.5% of cases. In
this study, anaerobic bacteria were found in 14.3% of all
samples, mostly by P. acnes. Our results confirmed previous
studies, which have found anaerobic bacteria in between 13%
and 32% of samples, with Propionibacterium species were
predominating.[17–19]

We found a significant increase in the percentage of gram-
positive microorganisms over the past 15 years. This trend has
11 2012–2016
Total from bacterial isolates, %% n % P

∗

23.1 235 29.0 .070 25.5
9.1 87 10.7 .554 9.8
6.7 77 9.5 .117 7.9
57.2 595 73.4 .003 64.0
9.6 85 10.5 .559 9.7
7.1 68 8.4 .693 9.0
30.2 272 33.5 .622 31.9
7.6 77 9.5 0.321 8.3
15.1 129 15.9 0.574 15.0
00.0 811 100.0 / /



Figure 3. Sensitivity of gram-negative microorganisms to the tested antibiotics per period.
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been reported in previous series, in which as high as 71% of all
bacterial isolates were gram-positive.[15] As shown in Table 3, the
increasing trend toward gram-positive bacteria in lacrimal sac
infection may possibly be the result of the increasing pathogenic
potential of CNS, although it was previously considered a
nonvirulent pathogen. Usually, as one element of normal
conjunctival flora, CNS is washed away by the tear flow after
entering the lacrimal sac. However, obstruction of the nasola-
crimal duct can block this process and create a microenvironment
facilitating the growth of bacteria.
Previous studies showed that erythromycin is among the

antibiotics to which the majority of lacrimal isolates are
sensitive.[1,18] However, our results demonstrate a decrease in
gram-positive sensitivity to erythromycin over the study period.
This might be attributable to inappropriate use of antibiotics,
lack of microbial cultures, and unavailability of guidelines on
empiric treatment options. In China, community physicians
widely use erythromycin eye drops for treating ocular-surface
infectious diseases, and the drops are even available in the
pharmacy without a prescription. Our findings suggest that
erythromycin should not be recommended for prophylaxis
or therapy in dacryocystitis when gram-positive infection is
suspected.
All gram-positive bacteria were sensitive to vancomycin, and

86.5% were sensitive to gatifloxacin. Meanwhile, nearly all
gram-negative bacteria were sensitive to gatifloxacin (99.5%),
and 92% were sensitive to tobramycin and ceftazidime.
Thus, gatifloxacin was the most effective agent against all
5

gram-positive, gram-negative, and anaerobic isolates in our
study. Our findings therefore suggest that, because of its relatively
high activity for most common bacterial isolates, gatafloxacin
could be reserved for dacryocystitis patients unresponsive to
other antibiotics.
Few reports are available on the correlations between MRSA

and MRCNS and dacryocystitis.[20] These 2 isolates have been
reported as important ocular pathogens resistant to multiple
antibiotics.[8,21] MRSA infection has tended to occur in acute
dacryocystitis.[13] We found a small increase in the percentage of
MRSA and MRCNS isolates during the study period, which was
not significant. Similar to previous studies,[21,22] all MRSA and
MRCNS isolates were sensitive to vancomycin. Because more
than half of MRSA and MRCNS isolates may be resistant to
fourth-generation fluoroquinolones,[8] physicians should suspect
these infections when dacryocystitis patients are unresponsive to
gatifloxacin.
Several limitations should be taken into account. First, the

actual prevalence of bacterial infection in dacryocystitis is
difficult to evaluate in our study because only specimens sent for
culture of microbial organisms were included in this report.
Second, the results of gram smearwere not collected in our study.
It may be helpful for clinicians at the beginning of the treatment
when the results of culture are not prepared. Third, the
possibility cannot be ruled out that bacteria isolated from some
cases, especially the anaerobic bacteria, may represent non-
pathogenic commensal bacteria from the ocular surface,
althoughwe applied the antiseptic treatment before we collected
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Figure 4. Sensitivity of gram-negative microorganisms to the tested antibiotics per period.
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the samples. Fourth, not enough atypical microorganisms were
isolated for a further subgroup analysis. Fifth, as a retrospective
multi-center study, some information were not available in the
current study, for examples, the duration on antibiotics, the
clinical response to the antibiotics, and the proportion of
polymicrobial infection. In addition, wewere not able to analyze
the results of lacrimal abscess and conjunctival and nasal
mucosal swabs. Finally, clinical presentations of dacryocystitis
can vary according to geographical area and the microbiological
etiology.[1] Thus, our findings may not be generalizable to other
regions or populations.
In conclusion, the microbial culture rate of dacryocystitis in

China is low, and bacterial microorganisms are themost common
causes of infectious dacryocystitis. We documented an increase in
the percentage of gram-positive microorganisms identified in the
past 15 years. The sensitivity of gram-negative isolates to tested
antimicrobials was excellent, mostly>80% on average. This was
not the case for gram-positive isolates, for which the levels of
resistance to tested antibiotics were relatively high. Our findings
also suggest that the empiric use of topical or systemic
gatifloxacin, a fourth-generation fluoroquinolone, in refractory
dacryocystitis with monitoring the drug side effects may be
justified. If it fails, vancomycin could be administered next.
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