Gonococcal and Chlamydial Urethritis
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Urethritis forms a major bulk of sexually transmitted infections (STI) among adult males. Its prevalence is rising throughout the worldwide which makes it a subject of continuous research.1 A characteristic sign of urethritis is mucopurulent / purulent urethral discharge. 2 Urethral inflammation may be confirmed in the laboratory by direct Gram stain of urethral secretions demonstrating >5 polymorphonuclear leukocytes (PMN) per oil immersion field.3 CDC, on the other hand, considers a lower cut off value of 2 PMN / oif.4 
Neisseria gonorrhoeae and Chlamydia trachomatis cause majority of cases. The main aim of diagnosis and subsequent treatment is to prevent onward transmission of infection. Treatment of symptoms, prevention of complications, reducing transmission of co-infections (like human immunodeficiency virus), treatment of contacts, and behavioural change are the various considerations while treating such patients.5
Traditionally urethritis is classified into gonococcal and nongonococcal based on the presence of gram-negative intracellular diplococci (GNID) in direct Gram stain of urethral discharge. More often than not both gonococcal and nongonococcal infections coexist, thus mystifying this whole classification.5
Gonococcal urethritis (GU) usually presents with profound symptoms like profuse purulent / mucopurulent discharge along with erythematous and oedematous external urethral meatus. While, nongonococcal urethritis (NGU) patients are usually less symptomatic. However laboratory support is indispensable in making definitive diagnosis. 6
Aetiology of NGU remains an enigma in majority patients, with no pathogen identified in a significant proportion of cases (20%–50%). In a study conducted by Catriona et al C. trachomatis for identified in 30%–50% of cases of NGU while, Mycoplasma genitalium in 10%– 30%.7 Ureaplasma urealyticum, Streptococcus species, Haemophilus species, Gardnerella vaginalis, herpes simplex virus (HSV) and adenoviruses have been reported in a few cases of NGU.8,9 In a similar study of 52 patients carried out by CM Gupta et al. from Pune, India, incidence of GU and NGU were found to be 65% and 35% respectively. In this study also the commonest organism causing NGU was found to be C.trachomatis (28%).10 Another study conducted at a tertiary care hospital in New Delhi, India reported N. gonorrhoeae and C. trachomatis in 58.1%, and 14%  cases respectively. 11
Unless the diagnosis can be narrowed down on one organism, combined treatment for gonorrhoea and chlamydia is recommended among all patients with urethritis.12
GONOCOCCAL URETHRITIS
Gonorrhoea is one of the most common notifiable disease in the west.12 The Centers for Disease Control and Prevention (CDC) estimates that more than 15,68,000 persons in the United States acquire gonorrhoea each year.12 Gonorrhoea control and prevention is further threatened by rise in antimicrobial resistance against Neisseria gonorrhoeae isolates, thus making it a grave public health threat.13 
STIs have been known to affect the economically productive age group with over a million infections acquired every day. As per WHO data Chlamydia trachomatis, Neisseria gonorrhoea, Treponema pallidum and Trichomonas vaginalis accounted for over 370 Million new cases of STI in 2020.13 
Despite exponentially rising world statistics, an Indian study conducted by Manju Bala et al., reported a decrease in the number of N.gonorrhoeae isolates over the years. The author speculated that the reason could be an actual decrease in the incidence of infections over the years or easy accessibility of general public to over the counter antibiotics due to less stringent law in the country.14
The incubation period ranges from 1 to 14 days. While, urethral discharge and dysuria are predominant  symptoms among men, majority of women remain asymptomatic.15,16,17 Although majority of cases of gonococcal urethritis resolve, few might progress to complications including epididymitis, prostatitis, seminal vesiculitis, and infections of Cowper’s and Tyson’s glands.18
Gonorrhoea is a disease of sexually active population, with majority of cases reported under 30 years of age.19 High risk factors for gonorrhoea include early sexual maturity, low socioeconomic state, past history of gonorrhoea and men who have sex with men.20,21 For GU is known to increase transmission of HIV by increasing viral shedding.22

CHLAMYDIAL URETHRITIS
NGU patients form a bulk of STI clinic attendees throughout the world.23 Majority of patients are known to be co-infected with both gonorrhoea and chlamydia. Among these, 80% or more develop symptomatic post gonococcal chlamydial urethritis due to use of Chlamydia sparing antibiotics.24,25
C. trachomatis is an obligate intracellular parasite with an interesting lifecycle.26  The organism has over 18 serovars and more than 29 variants.27 Serovars D, E, F, G, H, I, J, and K are most common among sexually transmitted infections.28,29
Majority of cases of NGU are due to C.trachomatis.30 NGU is characterised by a longer incubation period (7 to 21 days) and milder symptoms as compared to GU.31 However, NGU is known to cause long term sequelae and facilitate HIV transmission like GU.32
LABORATORY DIAGNOSIS OF URETHRITIS
Urethritis is known to affect economically productive age group with high worldwide incidence of both GU and NGU. With over 25 million and 50 million reported cases of gonorrhoea and chlamydia respectively, it is imperative to diagnose the cases timely.33
Gram stain is highly sensitive and specific point-of-care test for diagnosing urethritis and is strongly recommended. However, in case of non-availability of diagnostic facility, patients should be treated with a combined drug regimen covering both gonorrhoea and chlamydia.34
LABORATORY DIAGNOSIS OF GONOCOCCAL URETHRITIS
The diagnosis of gonococcal urethritis in the laboratory can be established by
· Direct microscopy
· Isolation of  N.gonorrhoeae by culture on selective and non-selective medium
· Nucleic Acid Amplification Tests
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Figure 1a: Urethral swab Figure; 1b: Direct Gram stained smear of urethral discharge showing intracellular gram negative diplococci within polymorphonuclear leucocytes 
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Figure 2a: Candle jar used for incubation of culture plates in the laboratory; 2b: Growth of N.gonorrhoeae on Modified Thayer Martin medium
Conventional diagnosis of N.gonorrhoeae infection requires isolation on selective media or observation of gram-negative diplococci in Gram smears of urethral discharge.3  Gram staining of urethral smear is highly sensitive and specific point-of-care test for diagnosis of urethritis as well as its classification into GU and NGU. El-Gamal et al found over 99% correspondence between Gram staining and PCR. CDC and WHO guidelines recommend Gram staining for definitive diagnosis of urethritis among symptomatic men, however, direct microscopy is not useful among asymptomatic patients. 35
Specific diagnosis of GU can be made by testing urethral discharge or urine sample.21 Culture is the conventional method of diagnosis of urethritis. It has low sensitivity (50-84%) due to several reasons including fastidious nature of the organism, loss of viability of organism during transport, low concentration of organisms or sampling error and prior antimicrobial therapy.36 Gonococci are very fastidious; therefore, best results are achieved by direct inoculation of culture plates followed by immediate incubation under suitable conditions.37
Many C02-enriched transport media are available like TransGrow (TG) system, John E. Martin Biological Environmental Chamber (JEMBEC). In a study conducted by Dowda et al. the two systems were found to be comparable, however, direct plating method was found to be significantly better.37
Werthheim was one of the first scientists who deciphered the basic constituents required for growth of N. gonorrhoeae in 1891.38 Thayer-Martin medium was prepared by adding antibiotics to chocolate agar base resulting in a selective medium for isolation of gonococci.39
Modified TM medium (MTM) contained double the quantity of agar, increased concentration of dextrose, and 5.0 mg of trimethoprim per ml.40 Another media employed for culture of N.gonorrhoeae is New York City medium (NYC). It readily supports growth of pathogenic gonococci as well as Mycoplasma.41
Wherry, Oliver and Chapin pointed out the significance of a partial carbon dioxide environment promoting growth of gonococcus.42 Keefer and Spink further re-instated the fact.43 Candle jar is the one most widely used method even today for incubating primary plates of gonococci. Although inexpensive, candle jar method is cumbersome and requires a large incubator space, thus restricting its use.44 Martin et al recommended the use of a plastic bag with carbon dioxide tablet, for providing partial carbon dioxide environment.45
Antimicrobial susceptibility testing forms a significant part of gonococcal diagnosis. Although agar dilution test is considered gold standard for antibiotic sensitivity testing, when performed correctly, the disk-diffusion and Epsilometer test (E-test) can be used as useful alternatives.45
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Figure 3: Antimicrobial susceptibility testing for N.gonorrhoeae by disc diffusion method
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Figure 4: Minimum Inhibitory Concentration (MIC) of ceftriaxone by E test
Asymptomatic gonococcal infections are responsible for transmission of gonorrhoea in the community.46 Community screening followed by treatment and education can play a vital role in curtailing the spread of infection.47
Nucleic acid amplification tests (NAATs) are very sensitive and can be performed on urine / rectal swabs / urethral swabs. NAATs have proven useful among asymptomatic carriers.47 Kimberly et al. reported sensitivity of N. gonorrhoeae PCR to be 94.4% and 97.3% for urine and urethral swab specimens respectively, while, culture was positive in only 76.6% patients.34
However, qualitative NAATs do not give any information on antimicrobial susceptibility of N. gonorroheae isolates, therefore no prognostic significance.48 NAAT specificity is a major concern in extra-genital specimens due to genetic relatedness between pathogenic and commensal Neisseria spp.49 Probes using nucleotide sequences of various gonococcal genes have been used. The oligonucleotide probes against 16 S ribosomal RNA have been found to have a high sensitivity and specificity.50

LABORATORY DIAGNOSIS OF CHLAMYDIAL URETHRITIS
Diagnosis of Chlamydial urethritis in the laboratory can be established by
· Direct microscopy
· Cell line Culture 
· Enzyme Linked Immunosorbant Assay (ELISA), Direct Fluorescent Antibody Test (DFA) 
· NAATs

Increased number of polymorphonuclear cells in the direct Grams smear of urethral discharge establishes a diagnosis of nongonococcal urethritis.51 Specific diagnosis of C.trachomatis is enhanced due to availability of highly sensitive and specific NAATs. 
Since C.trachomatis is an intracellular parasite of columnar epithelial cells, diagnostic specimen should be collected by vigorous swabbing or scraping of the involved sites.52
Culture for C.trachomatis was earlier considered the gold standard however the procedure is combursome.34 HeLa-229, McCoy, BHK-21, and Buffalo green monkey kidney cells are the common cell lines used for culturing C. trachomatis. 
Staining monolayers with Giemsa / iodine /  DFA can be used for detecting C. trachomatis in cell lines. Shell vial method of Ripa on McCoy cell line stained with fluorescein-conjugated
monoclonal antibody is highly sensitive method.53
Owing to the technical difficulties of culture, many non-culture techniques have been developed for C. trachomatis. DFA and EIA tests are the most widely used methods with sensitivity ranging between 60% and 85%.54 While Major Outer Membrane Protein (MOMP) is the main target in DFA test, antibody against chlamydial elementary body (EB) are detected by EIA. The advantage of these tests is a faster turn-around-time and lower cost per test, whereas their disadvantages are limited number of specimens that can be processed in a day and skilled interpretation (10 or more elementary bodies are seen in a background of reddish-brown counterstained cells). Immunoassays have unsatisfactory positive and negative predictive values in populations with a low prevalence of chlamydial infections. Moreover it is difficult to distinguish between a past and current infection on the basis of a positive antibody test alone.55,56,57
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   Figure 5:  MicroTrak® Chlamydia trachomatis Direct Specimen- Positive slide showing brick red fixed mammalian cells and apple green fluorescent elementary bodies
NAATs are demanding with respect to initial laboratory set up, but standardized easy-to-use kits are readily available with high sensitivity and specificity compared to culture.58,59
Since 30 to 70% of all chlamydial infections may be asymptomatic, NAAT testing on first-void urine (FVU) specimens is considered a major breakthrough in detection of chlamydial urethritis. The method is especially beneficial in population with low prevalence of infection.59,60 
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Figure 6: COBAS® TaqMan® 48 Analyzer
New variant of C. trachomatis (nvCT), carrying a 377 bp deletion within the plasmid, was reported from Sweden in 2006. Failure to detect nvCT in specimens resulted in false-negative results throughout Sweden and eventual widespread of infection due to nvCT. This led to development of Abbott RealTime CT/NG and the Roche Cobas TaqMan CT v2.0 targetting additional genetic sequences. Similar isolates have been reported from India recently26, 29

TREATMENT OF URETHRITIS
While WHO promotes syndromic approach, especially among high prevalence population with limited resources; CDC strongly recommends testing to determine the specific aetiology among patients with urethritis as  both chlamydia and gonorrhoea are reportable to the health departments.13,60
Azithromycin is the drug of choice for mycoplasmal, ureaplasmal, and chlamydial infections.62 In areas with a high prevalence of trichomoniasis, metronidazole or tinidazole may be added to usual regimens.63 Sex education forms a major part of the management of these patients and expedited partner treatment is highly recommended by CDC. 4,60,61,62 

GONOCOCCAL URETHRITIS
Galen coined the term Gonorrhoea in the second century. It means “flow of semen.” Neisser demonstrated N. gonorrhoea in 1879, and Leistikow and Loffler cultured the organism in 1882.63
USE OF ANTIMICROBIAL AGENTS AND EMERGENCE OF RESISTANCE
Sulfanilamide was used to treat gonorrhoea between 1937 and 1940.64 Penicillin was a breakthrough drug in treatment of gonorrhoea.65 The mechanism for transmissible penicillin resistance among gonococcal isolates is the elaboration of ß-lactamase enzyme (PPNG). In a study conducted by Manju Bala et al. an alarming increase in antimicrobial resistance in N. gonorrhoeae to penicillin and ciprofloxacin was reported between from 1996 to 2001.14 A study from Africa showed ciprofloxacin to be 100% effective in treating gonococcal infections.66 However, ciprofloxacin resistance emerged soon.45 Another drug that was used for treatment of gonococcal urethritis was tetracycline. Plasmid borne tetracycline resistant isolate was reported in 1984 (TRNG, MIC, > 16 pg/ml), which spread quickly throughout the world.14,67 Spectinomycin, was another drug used against N. gonorrhoeae, however, resistant isolates were soon to emerge.45
Third generation cephalosporins especially Ceftriaxone is highly effective against gonorrhoea. A single intramuscular dose is highly effective against gonococcal infections and therefore the treatment recommended by the CDC.45,12
  Cefixime, an oral cephalosporin, is quite effective too. However treatment failures have been reported throughout the world.45,68,69 High-level ceftriaxone resistance have been reported from Europe and USA.70,71 In a recent study published in lancet, AMR rates of 22% for cephalosporins, 60% for azithromycin, and 100% for ciprofloxacin were reported among gonococcal isolates.72
CURRENT RECOMENDATIONS FOR TREATMENT 
Both WHO and the CDC recommend single-dose, affordable regimen for treatment of N. gonorrhoeae.73
Centers for Disease Control and Prevention recommends single dose of 500 mg ceftriaxone intramuscularly. In case of cephalosporin allergy, gentamicin 240 mg IM plus azithromycin 2 g orally can be given.12
CHLAMYDIAL URETHRITIS
Macrolides like azithromycin and doxycycline are highly effective for chlamydial infections.12 
CDC recommends Azithromycin 1g orally in a single dose or Doxycycline 100 mg twice daily for 7 days for treatment of Chlamydial urethritis.12 
Several studies have been conducted indicating that antimicrobial resistant C. trachomatis isolates become less fit and do not survive in cell lines, therefore indicating towards low level of antimicrobial resistance observed among C.trachomatis isolates clinically.74
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