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Neisseria gonorrhoeae



Sexually Transmitted Bacterial Pathogen with Increasing Antimicrobial Resistance



Sexually Transmitted Bacterial Pathogen for which there are Increasing Antimicrobial Resistance Concerns



CHAPTER VI



Neisseria gonorrhoeae CONFIRMATORY IDENTIFICATION AND ANTIMICROBIAL SUSCEPTIBILITY TESTING



N



eisseria gonorrhoeae, also commonly referred to as “gonococcus” or “GC”, causes an estimated 62 million cases of gonorrhea worldwide each year [Gerbase et al., 1998]. Spread by sexual intercourse, N. gonorrhoeae may infect the mucosal surfaces of urogenital sites (cervix, urethra, rectum) and the oro- and nasopharynx (throat), causing symptomatic or asymptomatic infections. GC is always pathogenic and, if untreated, gonorrhea is a major cause of pelvic inflammatory disease (PID), tubal infertility, ectopic pregnancy, chronic pelvic pain and/or disseminated gonococcal infection (DGI). The probability of coinfection with other sexually transmitted infections (STIs) may be high in some patient populations. Neonates may acquire gonococcal infection of the conjunctiva during birth. The diagnosis of gonorrhea in older infants and young children is often associated with allegations of sexual abuse; transmission through neither nonsexual human nor fomite contact has been documented. Epidemiological studies provide strong evidence that gonococcal infections facilitate HIV transmission [Fleming and Wasserheit 1999]. Extended-spectrum cephalosporins, fluoroquinolones and spectinomycin are recognized as the most effective antibiotics for the treatment of gonorrhea in most areas of the world. Antimicrobial resistance in N. gonorrhoeae is the most significant challenge to controlling gonorrhea. Gonococcal strains may be resistant to penicillins, tetracyclines, spectinomycin, and, recently, resistance to the fluoroquinolones (ciprofloxacin and ofloxacin) and the macrolide azithromycin has emerged [Handsfield 1994; Knapp et al. 1997; Young et al. 1997; CDC 1999]. Resistance to the penicillins and tetracyclines is conferred by chromosomal and/or plasmidmediated mechanisms. Resistance to spectinomycin, fluoroquinolones and azithromycin is chromosomally mediated, and certain types of chromosomal mutations may contribute to resistance to several classes of antibiotics simultaneously.
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Agents used for the treatment of bacterial infections, including co-infecting STIs, may select for resistance in N. gonorrhoeae. For example, whereas a 1-gram dose of azithromycin is sufficient for treatment of infections with C. trachomatis and H. ducreyi, this dose is sub-optimal for the treatment of N. gonorrhoeae and may result in the incidental selection and spread of resistant gonococcal strains. At the time of writing of this manual (2002), the broad-spectrum cephalosporins (ceftriaxone, cefixime, etc.) are the only class of antimicrobial agents to which gonococci have not developed confirmed resistance, although a few isolated strains have exhibited decreased susceptibility to cefixime [CDC 2000; Wang 2002]. It is of great importance to perform laboratory surveillance of antimicrobial resistance in N. gonorrhoeae in order to assess the effectiveness of locally recommended therapies. Only measurement of the in vitro susceptibilities of the infecting organism will provide objective information to help determine if a posttreatment isolate is truly resistant to the antimicrobial agent being used to treat the infection, as opposed to infection which fails to respond to treatment due to inadequate absorption of the agent, non-compliance with therapy, or re-exposure. At the population level, surveillance is key for the monitoring of local, regional and international trends in antimicrobial resistance, which can help inform and shape public health policy. Comparison between antimicrobial susceptibilities of gonococci isolated in different geographical areas provides information about the distribution and temporal spread of resistant isolates. Thus, changes in recommended antimicrobial therapies can be anticipated, and surveillance can be enhanced to guide timely changes in these therapies at the local level.



Presumptive identification of N. gonorrhoeae After the specimen has been collected from the patient, it should be labeled with a unique identifier assigned in tandem with the demographic and clinical information so it can be linked for epidemiological studies. Methods for streaking for isolation from specimen swabs, primary culture methodology, and isolate storage and transport are included in Appendices 8, 11 and 12. Because N. gonorrhoeae is highly susceptible to adverse environmental conditions (as described in Table 28 of Appendix 8), strains must always be incubated at 35˚–36.5˚C in a humid, CO2-enriched atmosphere. Subculture colonies that appear to be gonococcal (gram-negative diplococci growing in pinkish-brown colonies 0.5 – 1 mm in diameter, see Appendix 8) from the primary selective medium to a nonselective medium, such as GC-chocolate agar with 1% defined supplement, to obtain a pure culture of the isolate. (Specimens from normally sterile sites, such as the conjunctiva, are cultured on nonselective medium for primary isolation; subculture for purity if examination of the plate shows evidence of contaminants.) If the subcultured isolate is not pure, continue to perform serial subcultures of individual colonies of gram-negative diplococci until a pure culture is obtained. 64 | Manual for Identification and Antimicrobial Susceptibility Testing



A presumptive diagnosis of N. gonorrhoeae originally isolated on selective medium can be made based upon colonial morphology, the observation of typical (gramnegative) diplococci in pairs, tetrads or clusters upon Gram stain or simple single stain with Loeffler’s methylene blue, and a positive oxidase reaction. A presumptive diagnosis of N. gonorrhoeae originally isolated on nonselective medium can be made based upon these characteristics plus an appropriate reaction in at least one supplemental biochemical or enzymatic test (e.g., superoxol 4+ reaction, see ‘Supplemental Tests’). A flowchart of tests required for presumptive identification of isolates from sites with normal flora (i.e., isolated on selective media such as MTM, ML, or GC-Lect) and isolates from normally sterile sites (i.e., isolated on nonselective medium, such as GC-chocolate agar) is presented in Figure 19.



Oxidase test The oxidase test uses Kovac’s reagent (a 1% (wt/vol) solution of N, N, N’, N’ –tetramethyl-ρ-phenylenediamine dihydrochloride)18 to detect the presence of cytochrome c in a bacterial organism’s respiratory chain; if the oxidase reagent is catalyzed, it turns purple. Neisseria species give a positive oxidase reaction, and gram-negative oxidase-positive diplococci isolated on gonococcal selective media may be identified presumptively as N. gonorrhoeae. Preparation of oxidase reagent and appropriate quality control methods are included in Appendix 2. Perform an oxidase test on growth of representative colonies that stained as (gramnegative) diplococci. Because the oxidase reagent is toxic for bacteria, it is recommended to perform the oxidase test on a sterile swab and not directly on the culture plate, particularly if there are only a few suspect colonies. Alternatively, one can use filter paper in place of a swab for this test. Do not perform the oxidase test with a Nichrome loop, as it may produce a false-positive reaction. If a sterile swab was used to make a smear for the Gram stain (as described in Appendix 4), the swab can then be used to conduct the oxidase test. The oxidase test should only be performed on freshly grown (18–24 hour) organisms. • Swab method for Kovac’s oxidase test a) Select suspect colonies from the culture plate (selective or nonselective medium) with the swab. b) Use a Pasteur pipette to add one drop of oxidase reagent to the swab. c) If the isolate is N. gonorrhoeae, a positive (purple) reaction should occur within 10 seconds.18 (See Figure 20). 18 Some laboratories may use a different reagent, Gordon and MacLeod’s reagent, (1% [wt/vol] dimethyl-ρphenylenediamene dihydrocholoride; “dimethyl reagent”) to perform the oxidase test. The dimethyl reagent is more stable than the tetramethyl reagent (Kovac’s reagent), but the reaction with the dimethyl reagent is slower than that with the tetramethyl reagent. If the laboratory is using the dimethyl- reagent, a positive reaction will be indicated by a color change to blue on the filter paper (not purple, as with the tetramethyl reagent), and with the dimethyl reagent it will take 10 – 30 minutes for a positive reaction to develop.
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FIGURE 19: Flowchart for isolation and presumptive identification of Neisseria gonorrhoeae



Non-sterile-site specimens (e.g., urethra, cervix, vagina, rectum, and pharynx)



Sterile site specimens (e.g., conjunctiva)



Colonies on selective media (e.g., Martin-Lewis [ML] or Modified Thayer-Martin [MTM]) are pinkish-brown and translucent, with smooth consistency and defined margins, and are typically 0.5 – 1.0 mm in diameter.*



Colonies on GC-chocolate agar are pinkish-brown and translucent, exhibit smooth consistency and defined margins, and are typically 0.5 – 1.0 mm in diameter.*



* Fastidious strains of N. gonorrhoeae may produce small, ~0.25-mm “pinpoint”colonies



* Fastidious strains of N. gonorrhoeae may produce small, ~0.25-mm “pinpoint”colonies



Gram stain or simple single stain (e.g., Loeffler’s methylene blue stain)



Other morphology = negative



(Gram-negative) bean-shaped diplococci = suspect N. gonorrhoeae Oxidase test



oxidase-positive = suspect N. gonorrhoeae



oxidase negative = negative



• An isolate from selective medium (MTM, ML) is considered ‘presumptive GC’when it is an oxidase-positive, (gram-negative) diplococcus. • An isolate from nonselective medium can be considered presumptive GC when it is an oxidase-positive, (gram-negative) diplococcus and gives an appropriate reaction in at least one supplemental test (e.g., superoxol 4+ reaction).



(If primary isolation was on nonselective medium)



Reactions typical of N. gonorrhoeae in supplemental tests: Superoxol/Catalase: positive Colistin resistance: positive (resistant) Nitrate reduction: negative Polysaccharide production: negative Acid production: acid from glucose only



Note: it is acceptable practice to perform antimicrobial susceptibility testing on presumptive isolates of N. gonorrhoeae (GC) for treatment purposes.*



Enzyme substrate: hydroxyprolylaminopeptidase +



* If a presumptive isolate exhibits unusual characteristics upon antimicrobial susceptibility testing, confirm the identification with biochemical and enzymatic tests.



Antimicrobial susceptibility testing on GC-susceptibility test medium



66 | Manual for Identification and Antimicrobial Susceptibility Testing



• Moistened filter paper method for Kovac’s oxidase test a) Place a piece of filter paper in a petri dish. b) Just prior to performing the test, add one to two drops of oxidase reagent to the filter paper and allow it to absorb; the filter paper should be moist, but not wet, after the reagent has been absorbed. c) Using a platinum loop, a plastic loop, a sterile swab or a wooden applicator stick, pick a portion of the colony to be tested and rub it onto the moistened filter paper. (Do not use a Nichrome loop.) If the isolate is N. gonorrhoeae, a positive (purple) reaction should occur within 10 seconds.18 (See Figure 10.)



Confirmatory identification of N. gonorrhoeae If a laboratory is reporting results back to the clinical setting for treatment purposes, a presumptive diagnosis based on Gram stain and oxidase reaction is sufficient for colonies isolated on GC-selective media, and the laboratorian can continue with antimicrobial susceptibility testing of a pure culture of the isolate (presented later in this chapter). If, however, the diagnosis must be confirmed or a presumptive isolate exhibits unusual characteristics upon antimicrobial susceptibility testing (e.g, for ceftriaxone, a minimal inhibitory concentration (MIC) >0.25µg/ml, or equivalent inhibition zone diameter 26 mm)] • Susceptibility to tetracycline [MIC < 2.0 µg/ml (>30 mm)]



PPNG



Penicillinase-producing Neisseria gonorrhoeae



ß-lactamase positive isolate. Approximately six ß-lactamase plasmids have been identified in N. gonorrhoeae, most commonly: • “Asian”= 4.4 megadaltons (Mda) (7.2 kb) • “African”= 3.2 Mda (5.3 kb) • “Toronto”= 3.05 Mda (4.7 kb) (PPNG is defined only by production of ß-lactamase and not by MICs of penicillin.) c



TRNG



Tetracycline resistant Neisseria gonorrhoeae



ß-lactamase negative isolates possessing a TetM-containing conjugative plasmid. TRNG isolates will exhibit both: • Susceptibility to penicillin [MIC < 2.0 µg/ml (>26 mm)] • Resistance to tetracycline with MIC ≥ 16.0 µg/ml (≤20 mm) Presumptive identification of this phenotype is based on MICs of penicillin and tetracycline. Confirmatory identification of TRNG (TetM and subtyping) is by PCR



PP/TR



Penicillinase-producing, tetracycline resistant Neisseria gonorrhoeae



ß-lactamase positive isolates of N. gonorrhoeae exhibiting: • Resistance to tetracycline with MIC ≥ 16.0 µg/ml (30 mm)]



TetR



Chromosomally mediated resistance to tetracycline



ß-lactamase negative isolates exhibiting both: • Susceptibility to penicillin [MIC < 2.0 µg/ml (>26 mm)] • Resistance to tetracycline with an MIC range of 2.0 µg/ml - 8.0 µg/ml (20 – 30mm)



CMRNG



Chromosomally mediated resistant Neisseria gonorrhoeae



ß-lactamase negative isolates exhibiting both: • Resistance to penicillin with MIC ≥ 2.0 µg/ml (≤26 mm) • Resistance to tetracycline with MIC ≥ 2.0 µg/ml (≤30 mm)



a Note: Some TRNG may exhibit tetracycline MICs 0.25 µg/ml ( 0.25 µg/ml ( 
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