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Abstract

Introduction: Gonorrhoeae and antimicrobial resistance AMR of gonococci
is a major health problem today, because emerged resistance to last line em-
pirical treatment for gonorrhoeae cephalosporins in many countries is pre-
dictable to be untreatable disease in near future. WHO GASP, WHO GLASS
and WHO’s global action plan on AMR recommends to expand nationally and
internationally to collect data to monitor AMR of gonococci for public health
policies. Objective: Our aim is to detect resistance of gonococci to Cepha-
losporins and determine the most effective empirical treatment for un-com-
plicated gonococcal urethritis in males in Egypt. Methods: We depended in
our methodology on selected gonococci from male urethral discharge speci-
mens on Thyer Martien medium; collected 33 isolates during three years from
2017 to 2020; used antibiotics with MIC according to international standards
and measuring IZD according to antimicrobial susceptibility testing reference
ranges in international standards. Results: By statistical studies, resistance to
cephalosporins was as follows: Cephradine 97%, Cefaclor 87.9%, Cefoxitin
97%, Ceftriaxone 90.9% and 42.4% to Cefepime, that shows hetero-genecity
in resistance inside cephalosporin group; while resistance to Macrolides group
represented by Azithromycin and Tetracyclins group represented by Doxycyc-
line was as follows: Azithromycin 39.4%, Doxycycilne 27.3%; finally fluoro-
quinolones, the most effective group, resistance, was as: Levofloxacin 15.2%,
Ciprofloxacin 15.2% and Ofloxacin 24.2%. Conclusion: The most effective em-
pirical treatment for uncomplicated gonococcal urethritis in males in EGYPT
is Fluoroquinolone; especially Levofloxacin ranks first susceptibility as 78.8%
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and 15.2% resistance followed by Ciprofloxacin susceptibility as 69.7% and
15.2% resistance, finally Ofloxacin susceptibility as 66.7% and 24.2% resistance;
for Ceftriaxone not more recommended in EGYPT as empirical treatment for
uncomplicated gonococcal urethritis, it is susceptibility as 6.1% and 90.9% re-
sistance; in addition, we can use combination therapy of Fluoroquinolones with
Azithromycin or Doxycycline, whose susceptibility is 30.3% for Azithromycin
and 42.4% for Doxycycycline, while resistance is 39.4% for Azithromycin and
27.3% for Doxycycline. It is worth noting that only Cefepime in Cephalosporins
group represents 42.4% susceptibility and 42.4% resistance; in addition to the
Carbapenems group, it represents as 42.4% susceptibility for Imipenem and
45.5% resistance, then 42.2% susceptibility for Meropenem and 48.5% resis-
tance, which can play role in combination therapy.
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1. Introduction

Gonorrhoea is an ancient disease mentioned in the third book of Moses in the
Bible, also in the 18th dynasty of Luxor in Egypt [1] [2] [3]. Gonorrhoea is the
second prevalent sexually transmitted disease [4] [5]. WHO considered gonorr-
hoea as a major health problem, Center of Disease Control and prevention (CDC)
mentioned gonorrhoea as a Super Pug [6] [7] [8] [9] [10], since gonorrhoea has
remarkable ability to cause repeated infection in the same host and has extraor-
dinary ability to develop resistance to all clinically used antibiotics [11] [12] [13].
However, Cephalosporins especially 3 generation Ceftriaxone is still considered
the first line empirical treatment for gonorrhoea worldwide, but resistance is
reported globally in many countries [14]-[20].

In 2010, WHO GASP Program (WHO Global Gonococcal Antimicrobial Sur-
veillance Program) proposed to monitor (AMR) Anti-Microbial Resistance of
gonococci [6] [21] [22]; also in 2012 WHO published a global action plan to
control the spread and impact of AMR in Niesseria gonorrhoeae which is in line
with WHO’s global action plan on AMR; then in 2015 WHO supported Global
Antimicrobial resistance Surveillance System (GLASS) [19] [23] [24]. WHO
recommended GASP, GLASS and Global Action Plan on AMR of gonococci to
expand nationally and internationally to collect data from countries all over the
world to monitor AMR of gonococci [19] [23] [24]. Egypt has no data about
gonorrhoea according to GASP map [19] as shown in (Figure 1); this study is to
report some data in EGYPT.

2. Materials and Methods

During three years 2017-2020 33 clinical isolates were collected (urethral
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Figure 1: Percentage of isolates with decreased susceptibility or resistance to Ceftriaxone reported to WHO Global Antimicrobial Surveillance
Programme and Global Antimicrobial Resistance Surveillance System in 2018

For Bahrain, China, Ecuador, New Zealand, Tunisia, and Vietnam, data are from 2017 (no data reported in 2018). Due to the low number of
isolates in several countries (appendix pp 1-3), interpretations of antimicrobial resistance levels in these countries should be done with great
caution. Disputed territories (Western Sahara, Jammu, and Kashmir)were not applicable and no data were available from these regions.

The designations employed and the presentation of the material in this publication do not imply the expression of any opinion whatsoever

on the part of WHO concerning the legal status of any county, territory, city, or area or of its authorities, or concerning the delimitation of

its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines for which there may not yet be full agreement.

Figure 1. GASP map for Ceftriaxone resistance that shows EGYPT from region with data not available (Magus et al, 2021).

discharge swab) from male patients in varying ages diagnosed as uncomplicated
gonococcal urethritis (UGU) obtained from National Institute of Urology and
Nephrology in Cairo with disease diagnostic sheet and full history to each pa-
tient. Urethral discharge collected by the physician after cleaning urethral mea-
tus with gauze soaked in physiological saline (0.9% w/v), at least one hour before
voiding [25] [26]. Sample taken by inserting Rayon swab gently 2 - 3 cm into the
anterior urethra and rotated from side to side [25], the purulent discharge ex-
pressed out by pressing at the base of the penis before inserting swab [24] [26]
[27]; kept swab in Amies transport medium equipped in medical center [25]
[28]; transporting to microbiology lab within 24 hours [27] [28] [29]; Make a
fresh smear of urethral discharge specimens for Identification of polymorphic
intraleuckocytes kidney shape diplococci by microscopic examination and Gram
staining so Gram staining is very high specific & diagnostic tool for symptomatic
male urethritis, the sensitivity of gram stain is up to (95%) and specifity is up to
(97%) [12] [25] [26] [28] [30]; urethral discharge isolates was cultivated on se-
lective media (Modified Thyer Martine medium with (VCNT) supplement)at
optimal conditions, Bacterial culture is still considered the gold standard to di-
agnosis Neisseria gonorrhoeae especially in urogenital specimens, bacterial cul-
ture is high sensitive and high specific, sensitivity may reach (85% - 95%) un-
dergo optimal conditions, and specifty up to (100%) considered diagnostic test
[12] [19] [25] [26] [28] [30] [31]; Identification of tested organism by Colonies

morphological features, biochemical tests of gonococci (Oxidase test, Catalase
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test and Carbohydrate fermentation test) and Gram staining of bacterial colonies
to detect Gram-negative kidney shape diplococci [25] [28] [32]; then by disc
diffusion method applied Antimicrobial susceptibility testing according to (Clini-
cal Laboratory Standard Institute, CLSI) using antibiotics with MIC according to
international standards and measuring IZD according to antimicrobial suscepti-
bility testing reference ranges in international standards [12] [25] [26] [28] [31]
[32] [33]; selected anti-biotic discs represent all functional anti-biotic groups as:
Penicillins (first generation): Penicillin G, 10 IU, Aminopenicillins (3 red gener-
ation of penicillins): Amoxycillin, 10 pg; Amoxicillin/clavulanic acid, 30 ug; Am-
picillin 10 pg/sulbactam 10 pg, 20 ug, Uredopencillins (4th generation of pencil-
lins): pipracillin, 100 pg, Cephalosporins (1st generation): Cephradine, 30 ug,
Cephalosporins (2nd generation): Cefaclor, 30 pg; Cefoxitin, 30 ug, Cephalospo-
rins (3rd generation): Ceftriaxone, 30 pg, Cephalosporins (4th generation): Ce-
fepime, 30 pg, Fluroquinolones (2nd generation): Ofloxacin, 5 pg; Ciprofloxacin,
5 pg, Fluroquinolones (3rd generation): Levofloxacin, 5 pg, Aminoglycosides:
Amikacin, 30 pg; Tobramycin, 10 pug; Gentamicin, 10 pg, Oxazolidinone: Linezo-
lid, 30 pg, Sulphonamides: Trimethoprim 1.25 pg/sulphamethoxazol 23.75 pg, 25
ug, Lincosamide: Clindamycin, 2 pg, Vancomycin: Vancomycin, 30 pg, Carba-
penems: Imipenem, 10 U; Meropenem, 10 U, Tetracyclines: Doxycline, 30 g,
Macrolides: Azithromycin, 15 pg [12] [25] [26] [28] [31] [32] [33].

3. Results

Our results according to statistical analysis provide the most effective antibiotic
group and the most effective antibiotic drug, the most effective group were as
follows:

Flouroquinolones ranks first effective followed by Tetracyclin, Macrolides, Car-
bapenemes, Aminoglcosides, and oxazolidinon in sixth rank, followed by Cepha-
losporin, Sulphonamides, Penicillins, Vancomycin and Lincosamide was the least
effective, show ranks mean and st. deviation values as in (Table 1 and Figure 2).

Antibiotics Groups Efficacy
4.0000

3.5000

3.0000

2.5000

2.0000

1.5000

1.0000 -
0.5000 -

0.0000 -

W Mean  mStd. Deviation

Figure 2. Diagrams show the ranking of the most effective antibiotic group gradually
from the most effective to the least.
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Table 1. Final ranking of antibiotic groups.

N Minimum Maximum Mean Std. Deviation C.V % Rank
Fluroquinolones 33 1 3 2.5354 0.74507 29.387365 1
Tetracyclines 33 1 3 2.15 0.834 38.749996 2
Macrolides 33 1 3 1.91 0.843 44.144039 3
Carbapenems 33 1 3 1.8636 0.85030 45.625894 4
Aminoglycosides 33 1 3 1.6465 0.57699 35.043915 5
Oxazolidinone 33 1 3 1.33 0.595 44.633928 6
Cephalosporins 33 1 3 1.2848 0.35718 27.799191 7
Sulphonamides 33 1 3 1.27 0.574 45.104753 8
Penicillins 33 1 3 1.1758 0.43806 37.257426 9
Vancomycin 33 1 3 1.15 0.508 44.074037 10
Lincosamide 33 1 3 1.12 0.485 43.222123 11
Valid N (listwise) 33

(N: Number of cases; the minimum value = 1 compensation for resistant cases; maximum value = 3 compensation for susceptible
cases; Std. Deviation: standard deviation; C.V: coefficient of variation; 1 < Mean = Weighted average < 3)

The most effective antibiotic drug inside Flouroquinolones group is Levoflox-
acin, so ranking of drugs both overall ranking and internal ranking inside each
group, which provide homogeneity and heterogeneity inside each group were as
show in (Table 2 and Figure 3).

From statistical studies there are two groups, less resistant group represented
by 11 cases and more resistant group represented by 22 cases show in cluster
analysis in (Figure 4); this table provides Frequencies and percent of susceptibil-

ity to each group and to total cases show in (Table 3).

4. Discussion

Drug resistance in Neisseria gonorroeae is considered according WHO collected
data a major health concern [6] [7] [8] [9] [10], the AMR of gonococcal isolates
reported to WHO by 73 countries in 2017-2018 is that each country collects at
least 100 gonococcal isolates per year. WHO, findings was decreased susceptibil-
ity or resistance to Ceftriaxone was (31%) of 68 reporting countries and to Ce-
fixime (47%) of 51 reporting countries.

Resistance to Azithromycin was reported by (84%) of 61 countries. Interpre-
tation in many countries showed exceedingly high resistance to Ciprofloxacin
(100%) of 70 reporting countries [6] [7] [12] [19] [23] [24].

In 2016 WHO estimated that: 6.9 million incident cases of gonorrohoeae oc-
curred in adults, while in 2020 was 82.4 million, the first line empirical treatment
was Ceftriaxone as monotherapy in most countries. However resistance to Cef-
triaxone has been spread and continues to emerge globally [6] [7] [12] [19] [23]
[24].
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Table 2. Final ranking of antibiotic drugs.

N  Minimum Maximum Mean Defit:t'ion CV % 01;‘:::11 Iri::al
Penicillin G 33 1 3 1.12 0.485 43.222123 17 2
Amoxycillin 33 1 3 1.06 0.348 32.826072 18 3
Amoxicillin/clavulanic acid 33 1 3 1.12 0.485 43222123 17 2
Ampicillin 10 pg/sulbactam 10ug 33 1 3 1.12 0.485 43.222123 17 2
pipracillin 33 1 3 1.45 0.711 48.889025 12 1
Cephradine 33 1 3 1.06 0.348 32.826072 18 4
Cefaclor 33 1 3 1.18 0.528 44.646872 15 2
Cefoxitin 33 1 3 1.03 0.174 16.895772 19 5
Ceftriaxone 33 1 3 1.15 0.508 44.074037 16 3
Cefepime 33 1 3 2.00 0.935 46.770717 5 1
Ofloxacin 33 1 3 2.42 0.867 35.768625 3 3
Ciprofloxacin 33 1 3 2.55 0.754 29.612721 2 2
Levofloxacin 33 1 3 2.64 0.742 28.159453 1 1
Amikacin 33 1 3 1.73 0.674 39.032624 9 1
Tobramycin 33 1 3 1.48 0.667 44.929836 11 3
Gentamicin 33 1 3 1.73 0.761 44.074037 10 2
Linezolid 33 1 3 1.33 0.595 44.633928 13 1
Trimethoprim 1.25 pg/

sulphamethoxazol 23.75 g 33 1 3 1.27 0.574 45.104753 14 2
Clindamycin 33 1 3 1.12 0.485 43.222123 17 4
Vancomycin 33 1 3 1.15 0.508 44.074037 16 3
Imipenem 33 1 3 1.97 0.951 48.30561 6 1
Meropenem 33 1 3 1.76 0.830 47.241065 8 2

Doxycline 33 1 3 2.15 0.834 38.749996 4

Azithromycin 33 1 3 1.91 0.843 44.144039 7

Valid N (listwise) 33

(N: Number of cases; the minimum value = 1 compensation for resistant cases; maximum value = 3 compensation for susceptible
cases; Std. Deviation: standard deviation; C.V: coefficient of variation; 1 < Mean = Weighted average < 3)

Table 3. Frequencies and percent of susceptibility to each group and to total cases.

Group A Group B Total
Penicillins
Frequency % Frequency % Frequency %
PG:
Sensitive 1 4.5 1 9.1 2 6.1
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Continued
Moderate - - - - -
Resistance 21 95.5 10 -90.9 31 93.9
Mean Ranks 17.25 16.5
Mann-Whitney Test (Z =0.508), Sig. = 0.611, (N.S, P > 0.05)
AML:
Sensitive 1 4.5 - - 1 3
Moderate - - - - - -
Resistance 21 95.5 11 100 32 97
Mean Ranks 16.75 17.5
Mann-Whitney Test (2 =0.707), Sig. = 0.480, (N.S, P > 0.05)
AMC:
Sensitive 1 4.5 1 9.1 2 6.1
Moderate - - - - - -
Resistance 21 95.5 10 90.9 31 93.9
Mean Ranks 17.25 16.50
Mann-Whitney Test (2 =0.508), Sig. = 0.611, (N.S, P > 0.05)
SAM:
Sensitive 1 4.5 1 9.1 2 6.1
Moderate - - - - - -
Resistance 21 95.5 10 90.9 31 93.9
Mean Ranks 17.25 16.50
Mann-Whitney Test (2 =0.508), Sig. = 0.611, (N.S, P > 0.05)
PRL:
Sensitive 2 9.1 2 18.2 4 12.1
Moderate 4 18.2 3 27.3 7 21.2
Resistance 16 72.7 6 54.5 22 66.7
Mean Ranks 18.05 14.91
Mann-Whitney Test (Z =1.055), Sig. = 0.291, (N.S, P > 0.05)
Cephalosporins
CE:
Sensitive 1 4.5 - - 1 3
Moderate - - - - - -
Resistance 21 95.5 11 100 32 97
Mean Ranks 16.75 17.50
Mann-Whitney Test (2 =0.707), Sig. = 0.480, (N.S, P > 0.05)
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Continued
CEC:
Sensitive 1 4.5 1 9.1 2 6.1
Moderate 1 4.5 1 9.1 2 6.1
Resistance 20 90.9 9 81.8 29 87.9
Mean Ranks 17.5 16.0
Mann-Whitney Test (Z =0.741), Sig. = 0.459, (N.S, P > 0.05)
FOX:
Sensitive - - - - - -
Moderate - - 1 9.1 1 3
Resistance 22 100 10 90.9 32 97
Mean Ranks 17.5 16.0
Mann-Whitney Test (Z =1.414), Sig. = 0.157, (N.S, P > 0.05)
CRO:
Sensitive 1 4.5 1 9.1 2 6.1
Moderate - - 1 9.1 1 3
Resistance 21 95.5 9 81.8 30 90.9
Mean Ranks 17.73 15.55
Mann-Whitney Test (z =1.225), Sig. = 0.220, (N.S, P > 0.05)
FEP:
Sensitive 5 22.7 9 81.8 14 42.4
Moderate 3 13.6 2 18.2 5 15.2
Resistance 14 63.6 - - 14 42.4
Mean Ranks 20.89 9.23
Mann-Whitney Test (Z = 3.553), Sig. = 0.000, (Sig at 0.01, P < 0.01)
Fluoroginulones
OFX:
Sensitive 12 54.5 10 90.9 22 66.7
Moderate 2 9.1 1 9.1 3 9.1
Resistance 8 36.4 - - 8 24.2
Mean Ranks 19.18 12.64
Mann-Whitney Test (Z =2.208), Sig. = 0.027, (Sig at 0.05, P < 0.05)
CIP:
Sensitive 14 63.6 9 81.8 23 69.7
Moderate 3 13.6 2 18.2 5 15.2
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Resistance 5 22.7 0 - 5 15.2
Mean Ranks 18.23 14.55
Mann-Whitney Test (Z =1.274), Sig. = 0.203, (N.S, P > 0.05)
LEV:

Sensitive 15 68.2 11 100 26 78.8
Moderate 2 9.1 - - 2 6.1
Resistance 5 22.7 - - 5 15.2

Mean Ranks 18.75 13.50
Mann-Whitney Test (Z =2.064), Sig. = 0.05, (Sig at 0.05, P < 0.05)
Aminoglycosides
AK:

Sensitive 3 13.6 1 9.1 4 12.1
Moderate 9 40.9 7 63.6 16 48.5
Resistance 10 45.5 3 27.3 13 39.4

Mean Ranks 17.73 15.55
Mann-Whitney Test (2 =0.673), Sig. = 0.501, (N.S, P > 0.05)
TOB:

Sensitive 2 9.1 1 9.1 3 9.1
Moderate 7 31.8 3 27.3 10 30.3
Resistance 13 59.1 7 63.6 20 60.6

Mean Ranks 16.77 17.45
Mann-Whitney Test (z =0.221), Sig. = 0.825, (N.S, P > 0.05)
CN:

Sensitive 3 13.6 3 27.3 6 18.2
Moderate 9 40.9 3 27.3 12 36.4
Resistance 10 45.5 5 45.5 15 45.5

Mean Ranks 17.41 16.18
Mann-Whitney Test (2 =0.372), Sig. = 0.710, (N.S, P > 0.05)
Oxazolidinone
LZD:

Sensitive 1 4.5 1 9.1 2 6.1
Moderate 5 22.7 2 18.2 7 21.2
Resistance 16 72.7 8 72.7 24 72.7

Mean Ranks 17.07 16.86
Mann-Whitney Test (Z =0.074), Sig. = 0.941, (N.S, P > 0.05)
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Continued
Sulphonamides
SXT:
Sensitive 1 4.5 1 9.1 2 6.1
Moderate 5 22.7 - - 5 15.2
Resistance 16 72.7 10 90.9 26 78.8
Mean Ranks 16.11 18.77
Mann-Whitney Test (Z =1.045), Sig. = 0.296, (N.S, P > 0.05)
Lincosamide
DA:
Sensitive 1 4.5 1 9.1 2 6.1
Moderate - - - - - -
Resistance 21 95.5 10 90.9 31 93.9
Mean Ranks 17.25 16.50
Mann-Whitney Test (Z =0.508), Sig. = 0.611, (N.S, P > 0.05)
Vancomycin
VA:
Sensitive 1 4.5 1 9.1 2 6.1
Moderate 1 4.5 - - 1 3
Resistance 20 90.9 10 90.9 30 90.9
Mean Ranks 17.02 16.95
Mann-Whitney Test (2 =0.038), Sig. = 0.969, (N.S, P > 0.05)
Carbapenems
IPM:
Sensitive 4 18.2 10 90.9 14 42.4
Moderate 3 13.6 1 9.1 4 12.1
Resistance 15 68.2 - - 15 45.5
Mean Ranks 21.34 8.32
Mann-Whitney Test (Z = 4.006), Sig. = 0.000, (Sig at 0.01, P < 0.01)
MEM:
Sensitive 2 9.1 6 54.5 8 42.2
Moderate 4 18.2 5 45.5 9 27.3
Resistance 16 72.7 - - 16 48.5
Mean Ranks 21.32 8.36

Mann-Whitney Test

(Z =3.930), Sig. = 0.000, (Sig at 0.01, P < 0.01)
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Tetracyclines
DO:

Sensitive 6 27.3 8 72.7 14 42.4
Moderate 8 36.4 2 18.2 10 30.3
Resistance 8 36.4 1 9.1 9 27.3

Mean Ranks 19.68 11.64
Mann-Whitney Test (Z =2.407), Sig. = 0.016, (Sig at 0.05, P < 0.05)
Macrolides
AZM:

Sensitive 7 31.8 3 27.3 10 30.3
Moderate 7 31.8 3 27.3 10 30.3
Resistance 8 36.4 5 45.5 13 39.4

Mean Ranks 16.50 18.00

Mann-Whitney Test (Z =0.447), Sig. = 0.655, (N.S, P > 0.05)

(PG: Penicillin G, AML: Amoxicillin, AMC: Amoxicillin/clavulanic, SAM: Ampicillin 10 pg/sulbactam 10 pg, PRL: pipracillin CE:
Cephradine, CEC: Cefaclor, FOX: Cefoxitin, CRO: Ceftriaxone, FEP: Cefepime, OFX: ofloxacin, CIP: ciprofloxacin, LEV: levoflox-
aic, AK: Amikacin, TOB: Tobramycin, CN: Gentamicin, LZD: Linezolid, SXT: Trimethoprim 1.25 pg/sulphamethoxazol 23.75 ug,
DA: Clindamycin, VA: Vancomycin, IPM: Imipenem, MEM: Meropenem, DO: Doxycycline, AZM: Azithromycin)
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Figure 3. Diagrams show the ranking of the most effective antibiotic drug gradually from the most to the least.
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Cluster Analysis:
Dendrogram using Average Linkage (Within Groups)
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Figure 4. Dendrogram using average linkage (within groups).

In UK and Australia the first strain with resistance to Ceftriaxone was isolated
in 2010. In Asia several Ceftriaxone resistance strains appeared [6] [7] [12] [19]
[23] [24].

According to our results in the study done in EGYPT to detect the antimi-
crobial resistance to Neisseria gonorrhoeae and the most effective empirical
treatment for non-complicated gonococcal urethritis in adult males, Flouroqui-
nolones ranks first effective followed by Tetracyclin, Macrolides, Carbapenemes,
Aminoglcosides, and oxazolidinon in sixth rank, followed by Cephalosporin,
Sulphonamides, Penicillins, Vancomycin and Lincosamide was the least effec-
tive, show ranks as in previous (Table 1).

Inside Flouroquinolones Group Levofloxacin was the most effective followed
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by Ciprofloxacin, and Ofloxacin represented ranks as in (Table 4).

The mean level of Ciprofloxacin resistance in WHO regions ranged from 49%
(European region) to 93% (South East Asia region), overall 12 countries in five
WHO regions reporting more than 90% resistance to Ciprofloxacin [7] [12] [19]
[23] [24]. This shows resistance to Ciprofloxacin is higher than EGYPT that
equals 15.2% according to our results shows as in (Table 5).

From GASP Map for Ciprofloxacin resistance that shows EGYPT from region
with data not available as shows in (Figure 5).

Resistance to Chephalosporins in our results were reported as 90.9% for Cef-
triaxone, Cefoxitine 97%, Cefaclor 87.9%, Cefradine 97%, while Cefepime 42.4%
Which mean heterogeneous resistance in the Chephalosporin group show as in
(Table 6).

Resistance (%)

I <0.1%

3 0.1% - 4.9%

[ 5.0% - 29.9%

3 30.0% - 69.9%
B 70.0% - 100.0%
[ Data not available
3 Not applicable

Figure 4: Percentage of isolates with resistance to ciprofoxacin reported to WHO Global Antimicrobial Survillance
Programme and Global Antimicrobial Resistance Surveillance System in 2018

For Bahrain, China, New Zealand, El Salvador, Tonga, and Vietnam, data are from 2017 (no data reported in 2018) Due to the low number of
isolates in several countries (appendix pp 1-3), interpretations of antimicrobial resistance levels in these countries should be done with great
caution. Disputed territories (Western Sahara, Jammu, and Kashmir) were not applicable and no data were available from these regions.

The designations employed and the presentation of the material in this publication do not imply the expression of any opinion whatsoever on the
part of WHO concerning the legal status of any country, territory, city, or area or of its authorities, or concerning the delimitation of its frontiers
or boundaries. Dotted and dashed lines o maps represent approximate border lines for which there may not yet be full agreement

Figure 5. GASP Map for Ciprofloxacin. (Magus et al, 2021).

Table 4. Internal ranking of Fluroquinolones.

N Minimum  Maximum  Mean Std. Deviation C.V % Rank over all Rank Internal
Ofloxacin 33 1 3 2.42 0.867 35.768625 3 3
Ciprofloxacin 33 1 3 2.55 0.754 29.612721 2 2
Levofloxacin 33 1 3 2.64 0.742 28.159453 1 1

(N: Number of cases; the minimum value = 1 compensation for resistant cases; maximum value = 3 compensation for susceptible
cases; Std. Deviation: standard deviation; C.V: coefficient of variation; 1 < Mean = Weighted average < 3)
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Table 5. Frequencies and percent of susceptibility to each drug in Fluroquinolones.

Fluoroqinulones Frequency %
OFX:
Sensitive 22 66.7
Moderate 3 9.1
Resistance 8 24.2

Mann-Whitney Test

(Z = 2.208), Sig. = 0.027, (Sig at 0.05, P < 0.05)

CIP:
Sensitive
Moderate
Resistance

Mann-Whitney Test

23 69.7
5 15.2
5 15.2

(Z =1.274), Sig. = 0.203, (N.S, P > 0.05)

LEV:
Sensitive
Moderate
Resistance

Mann-Whitney Test

26 78.8
2 6.1
5 15.2

(Z = 2.064), Sig. = 0.05, (Sig at 0.05, P < 0.05)

(OFX: Ofloxacin, CIP: Ciprofloxacin, LEV: Levofloxaic)

Table 6. Frequencies and percent of susceptibility to each drug in Cephalosporins.

Cephalosporins
CE:
Sensitive
Moderate
Resistance

Mann-Whitney Test

Frequency %
1 3
32 97

(Z = 0.707), Sig. = 0.480, (N.S, P > 0.05)

CEC:
Sensitive
Moderate
Resistance

Mann-Whitney Test

2 6.1
2 6.1
29 87.9

(Z = 0.741), Sig. = 0.459, (N.S, P > 0.05)

FOX:
Sensitive
Moderate
Resistance

Mann-Whitney Test

1 3
32 97

(Z =1.414), Sig. = 0.157, (N.S, P > 0.05)
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Continued
CRO:
Sensitive 2 6.1
Moderate 1 3
Resistance 30 90.9
Mann-Whitney Test (Z =1.225), Sig. = 0.220, (N.S, P > 0.05)
FEP:
Sensitive 14 42.4
Moderate 5 15.2
Resistance 14 42.4
Mann-Whitney Test (Z = 3.553), Sig. = 0.000, (Sig at 0.01, P < 0.01)

(CE: Cephradine, CEC: Cefaclor, FOX: Cefoxitin, CRO: Ceftriaxone, FEP: Cefepime)

These results is different, according to WHO (GASP) resistance to Ceftriaxone
in Africa 40%, Americas 22%, Estern Mediterranean 14%, Europe 10%, South-East
Asia 50%, Western Pacific 38%, with total Resistance 22% Resistance to Cef-
triaxone in EGYPT we were recorded 90.9% which is much higher [6] [7] [12]
[19] [23] [24].

From GASP Map for Ceftriaxone resistance that shows EGYPT from region
with data not available as shows in (previous Figure 1).

Ceftriaxone in EGYPT is shelf medicine given by pharmacist and given in an-
inappropriate dose and short course; this attributes the high incidence of resis-
tance, while Flouroquinolons are usually prescribed by physician, also most pa-
tients asked medical advice late after chronicity. Ceftriaxone is in injection form
and non-compliant patients discontinue the injection once they improve and do
not complete the treatment, while most of Flourquinolons are in tablet form this
will encourage the patient to complete the course of treatment, moreover in
EGYPT sexually transmitted diseases are considered shameful and the patient
easy ask advice from friend or colleague and Ceftriaxone injection is given, so
our result in EGYPT is slightly different due to regulations of medicine adminis-

tration and socioeconomic habits.

5. Conclusion

The most effective empirical treatment for uncomplicated gonococcal urethritis
in male in EGYPT is Fluoroquinolones; especially Levofloxacin ranks first suscep-
tibility as 78.8% and 15.2% resistance followed by Ciprofloxacin susceptibility as
69.7% and 15.2% resistance, finally Ofloxacin susceptibility as 66.7% and 24.2%
resistance. Ceftriaxone not more recommended in EGYPT as empirical treat-
ment for uncomplicated gonococcal urethritis, susceptibility as 6.1% and 90.9%
resistance. We can use combination therapy of Fluoroquinolones with Azithro-

mycin or Doxycycline, which is susceptibility as 30.3% for Azithromycin and
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42.4% for Doxycycycline, while resistance as 39.4% for Azithromycin and 27.3%
for Doxycycline. It is worth noting that: only Cefepime in Cephalosporins group
whose susceptibility represents as 42.4% and 42.4% resistance, in addition to the
Carbapenems group (represented by Imipenem and Meropenem) whose suscep-
tibility represents as 42.4% for Imipenem and 45.5% resistance, then 42.2% sus-
ceptibility for Meropenem and 48.5% resistance. Those can play role in combi-

nation therapy.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Proksch, J.K. (1995) Die Geschichte der Venerischen Krankheiten. Hanstein, Bonn,
3-315.

[2] Unemo, M. and Shafer, W.M. (2011) Antibiotic Resistance in Neisseria gonorr-
hoeae: Origin, Evolution, and Lessons Learned for the Future. Annals of the New
York Academy of Sciences, 1230, E19-E28.
https://doi.org/10.1111/j.1749-6632.2011.06215.x

[3] Vicentini, C.B., Manfredini, S., Maritati, M., Di Nuzzo, M. and Contini, C. (2019)
Gonorrhea, a Current Disease with Ancient Roots: From the Remedies of the Past

to Future Perspectives. Le Infezioni in Medicine, 27, 212-221.

[4] Semchenko, E.A., Chen, X., Thng, C., O’Sullivan, M. and Seib, K.L. (2020) Gonorr-
hoeaea: Past, Present and Future. Microbiology Australia, 41, 205-208.

[5] Holder, N.A. (2008) Gonococcal Infections. Pediatrics in Review, 29, 228-334.
https://doi.org/10.1542/pir.29.7.228

[6] Unemo, M., Lahra, M.M., Cole, M., Galarza, P., Ndowa, F., Martin, L., et al (2019)
World Health Organization Global Gonococcal Antimicrobial Surveillance Program
(WHO GASP): Review of New Data and Evidence to Inform International Colla-
borative Actions and Research Efforts. Sexual Health, 16, 412-425.
https://doi.org/10.1071/SH19023

(7] Angel, S.T., Cueto, E.G., Patricia, R.S.D., Eduardo, B.V., Arturo, M.O.]., Irais,
D.C.A., et al. (2020) Neisseria gonorrhoeae Infection, Current State of Antimicrobi-

al Susceptibility. Journal of Bacteriology & Mycology; 8, 117-121.

[8] Sanchez-Buso, L., Yeats, C.A., Taylor, B., Goater, R.J., Underwood, A., Abudahab,
K., et al (2021) A Community-Driven Resource for Genomic Epidemiology and
Antimicrobial Resistance Prediction of Neisseria gonorrhoeae at Pathogenwatch.
Genome Medicine, 13, Article No. 61. https://doi.org/10.1186/s13073-021-00858-2

[9] Suay-Garcia, B. and Pérez-Gracia, M.T. (2017) Drug-Resistant Neisseria gonorr-
hoeae: Latest Developments. European Journal of Clinical Microbiology & Infec-
tious Diseases, 36, 1065-1071. https://doi.org/10.1007/s10096-017-2931-x

[10] Kakooza, F., Musinguzi, P., Workneh, M., Walwema, R., Kyambadde, P., Mande, E.,
et al. (2021) Implementation of a Standardised and Quality-Assured Enhanced Go-
nococcal Antimicrobial Surveillance Programme in Accordance with WHO Proto-

cols in Kampala, Uganda. Sexually Transmitted Infections, 97, 312-316.
https://doi.org/10.1136/sextrans-2020-054581
[11] Weston, E.J., Wi, T. and Papp, J. (2017) Strengthening Global Surveillance for An-

DOI: 10.4236/0jmm.2022.124017

219 Open Journal of Medical Microbiology


https://doi.org/10.4236/ojmm.2022.124017
https://doi.org/10.1111/j.1749-6632.2011.06215.x
https://doi.org/10.1542/pir.29.7.228
https://doi.org/10.1071/SH19023
https://doi.org/10.1186/s13073-021-00858-2
https://doi.org/10.1007/s10096-017-2931-x
https://doi.org/10.1136/sextrans-2020-054581

S. H. Mohammed et al.

[12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]

timicrobial Drug-Resistant Neisseria gonorrhoeae through the Enhanced Gonococ-
cal Antimicrobial Surveillance Program. Emerging Infectious Diseases, 23, 547-550.
http://www.cdc.gov/eid

https://doi.org/10.3201/eid2313.170443

Unemo, M., Ross, ].D.C., Serwin, A.B., Gomberg, M., Cusini, M. and Jensen, J.S.
(2020) 2020 European Guideline for the Diagnosis and Treatment of Gonorrhoea in
Adults. International Journal of STD & AIDS, 1-17.

[Guideline] World Health Organization, WHO Global Sexually Transmitted Infec-
tion Surveillance Program (2018) Gonococcal Antimicrobial Susceptibility Program
(GASP), 33-37.

Brooks, M. (2016) CDC Finds First Cluster of Highly Resistant Gonorrhea in US.
Medscape Medical News. http://www.medscape.com/viewarticle/869170

Lahra, M.M., Martin, I., Demczuk, W., Jennison, A.V., Lee, K.-I., Nakayama, S.-L,
et al. (2018) Cooperative Recognition of Internationally Disseminated Ceftriax-

one-Resistant Neisseria gonorrhoeae Strain. Emerging Infectious Diseases, 24,
735-740. https://doi.org/10.3201/eid2404.171873

Unemo, M., Bradshaw, C.S., Hocking, J.S., de Vries, H.].C., Francis, S.C., Mabey, D.,
et al. (2017) Sexually Transmitted Infections: Challenges Ahead. The Lancet Infec-
tious Diseases, 17, E235-E279. https://doi.org/10.1016/S1473-3099(17)30310-9

Cole, M.]., Quinten, C., Jacobsson, S., Day, M., Amato-Gauci, A.J., Woodford, N., et
al. (2019) The European Gonococcal Antimicrobial Surveillance Programme (Eu-

ro-GASP) Appropriately Reflects the Antimicrobial Resistance Situation for Neisse-
ria gonorrhoeae in the European Union/European Economic Area. BMC Infectious
Diseases, 19, Article No. 1040. https://doi.org/10.1186/s12879-019-4631-x

Sefia, A.C., Bachmann, L., Johnston, C., Wi, T., Workowski, K., Hook III, EW., et
al. (2020) Optimising Treatments for Sexually Transmitted Infections: Surveillance,
Pharmacokinetics and Pharmacodynamics, Therapeutic Strategies, and Molecular
Resistance Prediction. The Lancet Infectious Diseases, 20, E181-E191.
https://doi.org/10.1016/S1473-3099(20)30171-7

Unemo, M., Lahra, M.M., Escher, M., Eremin, S., Cole, M.]., Galarza, P., et al
(2021) WHO Global Antimicrobial Resistance Surveillance for Neisseria gonorr-
hoeae 2017-18: A Retrospective Observational Study. The Lancet Microbe, 2,
E627-E636. https://doi.org/10.1016/S2666-5247(21)00171-3

Gottlieb, S.L., Ndowa, F., Hook III, E.W., Deal, C., Bachmann, L., Abu-Raddad, L.,
et al. (2020) Gonococcal Vaccines: Public Health Value and Preferred Product Cha-
racteristics; Report of a WHO Global Stakeholder Consultation, January 2019. Vac-
cine, 38, 4362-4373. https://doi.org/10.1016/j.vaccine.2020.02.073

Rowley, J., Hoorn, S.V., Korenromp, E., Low, N., Unemo, M., AbuRaddad, L.J., et
al. (2019) Chlamydia, Gonorrhoea, Trichomoniasis and Syphilis: Global Prevalence
and Incidence Estimates, 2016. Bulletin of the World Health Organization, 97,
548-562. https://doi.org/10.2471/BLT.18.228486

Kersh, E.N., Pham, C.D., Papp, J.R., Myers, R., Steece, R., Kubin, G., et al (2020)
Expanding U.S. Laboratory Capacity for Neisseria gonorrhoeae Antimicrobial Sus-
ceptibility Testing and Whole-Genome Sequencing through the CDC’s Antibiotic
Resistance Laboratory Network. Journal of Clinical Microbiology, 58, €01461-19.
https://doi.org/10.1128/JCM.01461-19

Harris, S.R., Cole, M.]., Spiteri, G., Sdnchez-Busd, L., Golparian, D., Jacobsson, S., et
al. (2018) Public Health Surveillance of Multidrug-Resistant Clones of Neisseria
gonorrhoeae in Europe: A Genomic Survey. The Lancet Infectious Diseases, 18,

DOI: 10.4236/0jmm.2022.124017

220 Open Journal of Medical Microbiology


https://doi.org/10.4236/ojmm.2022.124017
http://www.cdc.gov/eid
https://doi.org/10.3201/eid2313.170443
http://www.medscape.com/viewarticle/869170
https://doi.org/10.3201/eid2404.171873
https://doi.org/10.1016/S1473-3099(17)30310-9
https://doi.org/10.1186/s12879-019-4631-x
https://doi.org/10.1016/S1473-3099(20)30171-7
https://doi.org/10.1016/S2666-5247(21)00171-3
https://doi.org/10.1016/j.vaccine.2020.02.073
https://doi.org/10.2471/BLT.18.228486
https://doi.org/10.1128/JCM.01461-19

S. H. Mohammed et al.

(24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

758-768. https://doi.org/10.1016/S1473-3099(18)30225-1

St. Cyr, S., Barbee, L., Workowski, K.A., Bachmann, L.H., Pham, C., Schlanger, K.,
et al. (2020) Update to CDC’s Treatment Guide Lines for Gonogoccocal Infection.
Morbidity and Mortality Weekly Report, 69, 1911-1915.
https://doi.org/10.15585/mmwr.mm6950a6

Sastry, A.S. and Bhat, S. (2016) Essentials of Medical Microbiology. Secl. Ch4. (pp.
45, 47, 48, 49, and 50); Sec3 Ch2. (pp. 236-242). The Health Science Publisher, New
Delhi, London, Philadelphia, Panama.

Meyer, T. and Buder, S. (2020) The Laboratory Diagnosis of Neisseria gonorrhoeae:
Current Testing and Future Demands. Pathogens, 9, Article 91.
https://doi.org/10.3390/pathogens9020091

Chosewood, L. and Wilson, D. (2009) Biosafety in Microbiological and Biomedical
Laboratories. 5th Edition, United States Centers for Disease Control and Preven-

tion, Atlanta. https://www.cdc.gov/labs/BMBL.html

Cheesbrough, M. (2006) District Laboratory Practice in Tropical Countries. 2nd
Edition. Part 2. Sec7. Ch4. (pp. 46, 52, 62, 64, 69) (pp. 90-96) (pp. 132-142) (pp.
176-178) (pp. 384, 399, 400, 404, 405). Cambridge University Press, New York.

Centers for Disease Control and Prevention (CDC) (2014) Recommendations for
the Laboratory-Based Detection of Chlamydia trachomatis and Neisseria gonorr-
hoeae—2014. MMWR Recommendations and Reports, 63, 1-19.

Kimberly, A.W. and Gail, A.B. (2015) Sexually Transmitted Diseases Treatment
Guidelines. CDC, Vol. 64, 60-68.

Nash, E.E., Pham, C.D., Raphael, B., Learner, E.R., Mauk, K., Weiner, J., et al.
(2021) Impact of Anatomic Site, Specimen Collection Timing, and Patient Symp-
tom Status on Neisseria gonorrhoeae Culture Recovery. Sexually Transmitted Dis-
eases, 48, 5151-5156. https://doi.org/10.1097/0LQ.0000000000001540

[Guideline] Clinical Laboratory Standards Institute CLSI (2020) M100 Performance
Standards for Antimicrobial Susceptibility Testing. 30th Edition, Vol. 37, 72-74.

[Guideline] Clinical Laboratory Standards Institute CLSI (2017) M100 Performance
Standards for Antimicrobial Susceptibility Testing. 27th Edition, Vol. 37, 72-74.

DOI: 10.4236/0jmm.2022.124017

221 Open Journal of Medical Microbiology


https://doi.org/10.4236/ojmm.2022.124017
https://doi.org/10.1016/S1473-3099(18)30225-1
https://doi.org/10.15585/mmwr.mm6950a6
https://doi.org/10.3390/pathogens9020091
https://www.cdc.gov/labs/BMBL.html
https://doi.org/10.1097/OLQ.0000000000001540

	Detection and Identification of Gonococci Resistance to Cephalosporin and Determination the Most Effective Empirical Treatment for Gonococcal Urethritis in Male Human in Egypt
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

