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American type culture collection; CDC, centers for disease control 
and prevention; CFU, colony-forming unit; N. gonorrhoeae, Neisseria 
Gonorrhoeae; PBS, phosphate-buffered saline; ROS, reactive oxygen 
species; SOD, superoxide dismutase

Introduction
Gonorrhea is the second most prevalent sexually transmitted 

infection globally.1 Despite the public health efforts to control 
gonorrhea for 70 years, these infections remain a significant public 
health concern. In 2015, a total of 395, 216 cases of gonorrhea were 
reported in the United States.2 World widely, 106.1 million people are 
affected by gonococcal infections annually.3 If gonococcal infections 
are not appropriately treated, they can result in severe complications 
and sequelae such as salpingitis and pelvic inflammatory disease, 
which may lead to sterility and/or ectopic pregnancy. In addition, 
epidemiologic and biologic studies have provided evidence that 
the failure to curb the transmission of gonorrhea facilitates the 
transmission of HIV infection.4 Repeated infections are common and 
no state of protective immunity appears to develop as consequence 
of infection. Since there is no gonococcal vaccine, treatment of 
gonorrhea relies especially on antibiotics. However, Neisseria 
gonorrhoeae, the etiological agent of gonorrhea, is evolving into 
a superbug and may become untreatable due to its resistance to 
almost all the antibiotics previously and currently widely used (e.g., 
sulfonamides, penicillins, earlier cephalosporins, tetracyclines, 
macrolides, and fluoroquinolones).5 As such, the Centers for Disease 
Control and Prevention (CDC) has declared multidrug-resistant N. 

gonorrhoeae as an urgent threat.6,7 There is consequently a critical 
need for the development of alternative therapeutics to combat 
gonococcal infections in high risk communities.8 As the extensive 
use of antibiotics is the crucial factor leading to multidrug-resistance, 
non-antibiotic strategy is compelling.9

Antimicrobial blue light (aBL) in the spectrum of 400-470 nm 
is an innovative non-antibiotic approach that has demonstrated 
prominent antimicrobial effects without the involvement of exogenous 
photosensitizers.10 Though the mechanism of action of aBL is still 
not fully understood, a common hypothesis is that aBL excites the 
endogenous photosensitizing chromophores (iron-free porphyrins or/
and flavins) in microbial cells, and subsequently leads to the production 
of cytotoxic reactive oxygen species (ROS).10,11 It is envisioned that 
microbes are less able to develop resistance to aBL than to traditional 
antibiotics, because of the multi-target characteristics of aBL.10 In 
addition, it is well accepted that aBL is much less detrimental to 
host cells than germicidal ultraviolet C irradiation.12,13 However, 
this approach of using aBL has yet to be studied as a therapeutic for 
gonococcal infections, especially those caused by multidrug-resistant 
strains. There have been no any published reports to demonstrate aBL 
therapy for gonococcal infections. 

N. gonorrhoeae is obligately aerobic. However, many studies 
have reported that, unlike most other microbes, this bacterium lacks 
of superoxide dismutases (SODs), which are the major antioxidant 
defense systems.14 Does it imply N. gonorrhoeae is even more 
susceptible to aBL inactivation than most other microbes? To answer 
this question, we carried out a pilot study to evaluate the efficacy of 
aBL for inactivating N. gonorrhoeae.
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Abstract

Gonorrhea is the second most prevalent sexually transmitted infection globally. Neisseria 
gonorrhoeae, the etiological agent of gonorrhea, is evolving into a superbug and may 
become untreatable due to its resistance to almost all the antibiotics available. There is 
a critical need for the development of alternative therapeutics. This pilot study aimed to 
investigate the potential of an innovative non-antibiotic approach, antimicrobial blue light 
(aBL), as an alternative therapeutic for gonococcal infections. We studied one ATCC strain 
(ATCC 700825) and one multidrug-resistant clinical strain of N. gonorrhoeae. The results 
demonstrated that both the strains are highly susceptible to aBL at 405nm. In planktonic 
suspensions, an exposure of 45 J/cm2 aBL reduced the survival fraction of colony-forming 
units (CFU) by 7.16-log10 for ATCC 700825 and 2.48-log10 for the clinical strain. When 
the aBL exposure was further increased to 54 J/cm2, a complete eradication of CFU (over 
8-log10 CFU reduction) was achieved for ATCC 700825 and a reduction of 5.43-log10 
CFU was obtained for the clinical strain. In addition, we observed that singlet oxygen 
plays a vital role in the antimicrobial effect of aBL on N. gonorrhoeae. In conclusion, the 
results of this pilot study suggest that aBL is a promising approach to combat gonococcal 
infections. Further studies are warranted in the analysis of the endogenous photosensitizers 
in N. gonorrhoeae cells, evaluation of the aBL efficacy against gonococcal infections in 
animal models, and investigation of the mechanism of action of aBL.
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We studied one ATCC strain (ATCC 700825) and one multidrug-
resistant clinical strain. The results demonstrated that both the strains 
are highly susceptible to aBL in vitro. In planktonic suspensions, an 
exposure of 45 J/cm2 aBL at 405 nm reduced the survival fraction 
of bacterial CFU by 7.16-log10 for ATCC 700825 and 2.48-log10 
for the clinical strain (Figure 1). When the aBL exposure was further 
increased to 54 J/cm2, a complete eradication of CFU was achieved 
for ATCC 700825 (> 8-log10 CFU reduction, data not shown) and 
a reduction of 5.43-log10 CFU was obtained for the clinical strain 
(Figure 1). 

We also investigated whether the effect of aBL is mediated by 
ROS. By doing so, we added Sodium azide (NaN3), which is known 
as the specific quencher of singlet oxygen,15 to the suspensions of 
ATCC 700825 during the illumination of aBL. We observed that the 
effect of aBL on ATCC 700825 was significantly suppressed due to 
the addition of NaN3, indicating that singlet oxygen plays a vital role 
in the antimicrobial effect of aBL on N. gonorrhoeae. 

Figure 1 Antimicrobial blue light inactivation of planktonic N. gonorrhoeae 
in PBS. Bars: standard error. 

Conclusion
In conclusion, the results of this pilot study suggest that aBL is a 

promising strategy to combat gonococcal infections. Further studies 
in our laboratory will be focused on the analysis of the endogenous 
photosensitizers in N. gonorrhoeae cells, evaluation of the aBL efficacy 
against gonococcal infections in animal models, and investigation of 
the mechanism of action of aBL. Due to the anatomical structure of 
urogenital tract and oropharynx, aBL can be delivered to the infection 
sites using optical fiber techniques. 

Acknowledgments
This study was supported in part by the National Institute Health 

(R01AI123312 to TD) and the Department of Defense (FA9550-17-
1-0277 to TD). We would like to show our gratitude to Dr. Yonatan 
H. Grad from Harvard School of Public Health for providing us the 
clinical strain of N. gonorrhoeae.

Conflicts of interest
Author declares that there is no conflict of interest.

References
1.	 Centers for Disease Control and Prevention. Sexually transmitted diseases 

surveillance. USA; 2016. 

2.	 Bhatti AA, Allan-Blitz LT, Castrejon M, et al. Epidemiology of Neisseria 
gonorrhoeae Gyrase A Genotype, Los Angeles, California, USA. Emerg 
Infect Dis. 2017;23(9):1581–1584.

3.	 World Health Organization. Global incidence and prevalence of selected 
curable sexually transmitted infecions. Switzerland; 2008. 

4.	 Fleming DT, Wasserheit JN. From epidemiological synergy to public 
health policy and practice: the contribution of other sexually transmitted 
diseases to sexual transmission of HIV infection. Sex Transm Infect. 
1999;75(1):3–17.

5.	 Unemo M, Del Rio C, Shafer WM. Antimicrobial Resistance Expressed 
by Neisseria gonorrhoeae: A Major Global Public Health Problem in the 
21st Century. Microbiol Spectr. 2016;4(3).

6.	 Centers for Disease Control and Prevention. Antibiotic Resistance Threats 
in the United States. USA; 2013.

7.	 Centers for Disease Control and Prevention. Sexually Transmitted Disease 
Surveillance. USA; 2015.

8.	 Unemo M. Current and future antimicrobial treatment of gonorrhoea - 
the rapidly evolving Neisseria gonorrhoeae continues to challenge. BMC 
Infect Dis. 2015;15:364.

9.	 Bush K, Courvalin P, Dantas G, et al. Tackling antibiotic resistance. Nat 
Rev Microbiol. 2011;9(12):894–896.

10.	 Dai T, Gupta A, Murray CK, et al. Blue light for infectious diseases: 
Propionibacterium acnes, Helicobacter pylori, and beyond? Drug Resist 
Updat. 2012;15(4):223–236.

11.	 Hamblin MR, Viveiros J, Yang C, et al. Helicobacter pylori accumulates 
photoactive porphyrins and is killed by visible light. Antimicrob Agents 
Chemother. 2005;49(7):2822–2827.

12.	 Kleinpenning MM, Smits T, Frunt MH, et al. Clinical and histological 
effects of blue light on normal skin. Photodermatol Photoimmunol 
Photomed. 2010;6(1):16–21.

13.	 Liebmann J, Born M, Kolb-Bachofen V. Blue-light irradiation regulates 
proliferation and differentiation in human skin cells. J Invest Dermatol. 
2010;130(1):259–269.

14.	 Archibald FS, Duong MN. Superoxide dismutase and oxygen toxicity 
defenses in the genus Neisseria. Infect Immun. 1986;51(2):631–641.

15.	 Bancirova M. Sodium azide as a specific quencher of singlet oxygen 
during chemiluminescent detection by luminol and Cypridina luciferin 
analogues. Luminescence. 2011;26(6):685–688.

https://doi.org/10.15406/mojsp.2017.01.00009
https://www.cdc.gov/std/stats16/Gonorrhea.htm
https://www.cdc.gov/std/stats16/Gonorrhea.htm
https://www.ncbi.nlm.nih.gov/pubmed/28820375
https://www.ncbi.nlm.nih.gov/pubmed/28820375
https://www.ncbi.nlm.nih.gov/pubmed/28820375
http://apps.who.int/iris/bitstream/10665/75181/1/9789241503839_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/75181/1/9789241503839_eng.pdf?ua=1
https://www.ncbi.nlm.nih.gov/pubmed/10448335
https://www.ncbi.nlm.nih.gov/pubmed/10448335
https://www.ncbi.nlm.nih.gov/pubmed/10448335
https://www.ncbi.nlm.nih.gov/pubmed/10448335
https://www.ncbi.nlm.nih.gov/pubmed/27337478
https://www.ncbi.nlm.nih.gov/pubmed/27337478
https://www.ncbi.nlm.nih.gov/pubmed/27337478
https://www.cdc.gov/drugresistance/threat-report-2013/index.html
https://www.cdc.gov/drugresistance/threat-report-2013/index.html
https://www.cdc.gov/std/stats15/std-surveillance-2015-print.pdf
https://www.cdc.gov/std/stats15/std-surveillance-2015-print.pdf
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1029-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1029-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-015-1029-2
https://www.ncbi.nlm.nih.gov/pubmed/22048738
https://www.ncbi.nlm.nih.gov/pubmed/22048738
https://www.ncbi.nlm.nih.gov/pubmed/22846406
https://www.ncbi.nlm.nih.gov/pubmed/22846406
https://www.ncbi.nlm.nih.gov/pubmed/22846406
https://www.ncbi.nlm.nih.gov/pubmed/15980355
https://www.ncbi.nlm.nih.gov/pubmed/15980355
https://www.ncbi.nlm.nih.gov/pubmed/15980355
https://www.ncbi.nlm.nih.gov/pubmed/20070834
https://www.ncbi.nlm.nih.gov/pubmed/20070834
https://www.ncbi.nlm.nih.gov/pubmed/20070834
https://www.ncbi.nlm.nih.gov/pubmed/19675580
https://www.ncbi.nlm.nih.gov/pubmed/19675580
https://www.ncbi.nlm.nih.gov/pubmed/19675580
https://www.ncbi.nlm.nih.gov/pubmed/3943903
https://www.ncbi.nlm.nih.gov/pubmed/3943903
https://www.ncbi.nlm.nih.gov/pubmed/21491580
https://www.ncbi.nlm.nih.gov/pubmed/21491580
https://www.ncbi.nlm.nih.gov/pubmed/21491580

	Title
	Abstract
	Abstract
	Keywords
	Abbreviations
	Introduction
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1

