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Abstract

Background: The surveillance of antimicrobial-resistant (AMR) gonorrhea in the United States
is conducted under the Gonococcal Isolate Surveillance Project (GISP). Its protocol involves the
collection of urethral isolates from the symptomatic men diagnosed with urethral gonorrhea
at designated surveillance sites and the estimation of the percentage of cases resistant to
current and former gonorrhea antibiotics. A switch to a new antibiotic is typically made
when this percentage for a current first-line drug reaches 5%. However, the cost-effectiveness
of this surveillance strategy has never been assessed. Methods: We utilized our previously
developed agent-based model of gonorrhea transmission among the US men who have
sex with men (MSM) population and estimated the total number of gonorrhea cases, total
number of discounted quality-adjusted life years (QALYs) and total discounted costs over
25 years under the current surveillance strategy and under a scenario with no surveillance.
Results: The maintenance of the current surveillance strategy is projected to avert 104,108
(95% uncertainty interval: 9163, 213,238) gonorrhea cases, gain 192.9 (95% uncertainty interval:
6, 458.3) QALYs and save $38.6 million (95% uncertainty interval: $1 million, $68.2 million) in
the simulated cohort of 10,000 US MSM over a 25-year period (2023-2048) when compared
to a scenario with no surveillance. Conclusions: The current US surveillance strategy for
AMR gonorrhea is cost-saving. However, the low-bound estimate indicates limited savings of
$1 million, which is relatively modest at a national scale.

Keywords: cost-effectiveness; gonorrhea; surveillance; antimicrobial resistance; agent-
based modelling

1. Introduction

The rise of antimicrobial-resistant (AMR) gonorrhea is an emerging public health
concern. Neisseria gonorrhoeae has developed resistance over the years to most classes of
antibiotics used for its treatment and continues to develop resistance to the so-called last-
line cephalosporins [1]. According to the World Health Organization (WHO), resistance to
ceftriaxone, the antibiotic that belongs to this group and is one of the primary antibiotics
used to treat N. gonorrhoeae, rose sharply from 0.8% to 5% between 2022 and 2024, and
resistant strains were detected in more countries [2]. This threatens our ability to treat this
infection as well as other infections that are cured with the same antibiotics.

Untreated gonorrhea can have a number of negative health consequences, such as
infertility, disseminated gonococcal infection (DGI), ectopic pregnancy, etc. [3]. In addition
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to the negative impact on health, some of these complications involve high financial costs
for both individuals and health systems. A number of studies have investigated the impact
of different interventions on the spread of gonorrhea, such as an increase in repeat testing
in patients treated for gonorrhea [4], expedited partner therapy [5], point-of-care tests [6],
different screening strategies [7-9], the use of dual antimicrobial therapy [10] and the
impact of gonorrhea vaccination [11].

The aim of this project is to evaluate the cost-effectiveness of the current US surveil-
lance strategy for AMR gonorrhea. The monitoring has been conducted under the Gonococ-
cal Isolate Surveillance Project (GISP), a sentinel surveillance system formed in 1986 [12].
The GISP protocol involves the monthly collection of urethral isolates from up to the first
25 symptomatic men diagnosed with urethral gonorrhea at participating surveillance sites.
These samples are tested to estimate the percentage of cases resistant to the current and
former gonorrhea antibiotics [13]. The reach of 5% for a current first-line drug normally
triggers a transition to a different antibiotic (in accordance with the WHO guidelines [14]).
Even though this surveillance strategy has been in place for 40 years, its cost-effectiveness
has never been evaluated.

We leveraged our agent-based model of gonorrhea transmission among the US men who
have sex with men (MSM) population and estimated the total number of averted gonorrhea
cases, incremental quality-adjusted life years (QALYs) and incremental costs under the current
surveillance strategy in comparison to a scenario with no surveillance. In the absence of
surveillance, the percentage of cases resistant to the current first-line antibiotic is not estimated.
Therefore, it will continue to be used after the 5% threshold is reached.

The investigation period is 25 years (2023-2048). The discounted QALY's and costs per
incident gonococcal infection were also estimated. Further, the contribution of different
types of gonococcal infection and of the sequelae to the overall disease burden was studied.
Finally, we determined the main drivers of uncertainty in the analysis.

2. Materials and Methods
2.1. Simulation Model

An agent-based model of gonorrhea transmission among the US MSM is described in
detail in [15]. It was developed using the Java-based simulation modelling tool AnyLogic
(version 8.8.1 University). The population of the model is 10,000 US MSM of a sexually
active age, which remains constant. The natural history of gonorrhea is captured in
the Susceptible-Infectious—Susceptible (SIS) framework. The disease can occur at rectal,
pharyngeal and urethral sites, presenting as single-site or double-site infections. Sexual
practices included in the model are oral sex, anal sex, kissing, rimming and docking. The
specific transmission routes modelled are: rectum to pharynx, rectum to urethra, pharynx
to rectum, pharynx to pharynx, pharynx to urethra, urethra to rectum, urethra to pharynx
and urethra to urethra. The agents mix randomly, and all the contacts are one-time events.
We opted not to include the main partnership formation due to its fairly low prevalence
among the US MSM population [16]. We assumed asymptomatic presentation for rectal and
pharyngeal infections (where the symptoms are rare [17]) and allowed both symptomatic
and asymptomatic presentations for urethral infections. The gonococcal strain exhibits
either susceptibility or resistance to ceftriaxone, the current first-line therapeutic agent [18].

The recovery pathway for symptomatic individuals involves seeking the first-line
treatment at the healthcare facilities where they receive a single intramuscular dose of
ceftriaxone 500 mg and take the urine nucleic acid amplification test (NAAT) for gonorrhea.
If it fails because the strain was resistant or the pathogen developed resistance during the
treatment, the individuals seek the second-line treatment. They are prescribed gentamicin
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240 mg intramuscular in a single dose and azithromycin 2 g orally in a single dose [18].
This is followed by recovery at all the infected sites.

The therapeutic procedures were not modelled as explicit events. Instead, the act of
an agent undergoing treatment results in a transition between model states. For example,
receiving the first-line treatment causes an agent to move from ‘first-line treatment’ state
to another one (e.g., “susceptible”, “second-line treatment”, etc.). The model counts the
number of agents who receive the first-line treatment and the number of agents who receive
the second-line treatment, which are then used for the calculation of the total costs.

The recovery pathways for asymptomatic individuals include either natural recovery
or routine screening conducted at the healthcare facilities. The screening is conducted at
three anatomical sites using urine, rectal or pharyngeal NAATs. The infection detection is
followed by the first-line treatment (single intramuscular dose of ceftriaxone 500 mg). If
the treatment fails, the asymptomatic individuals remain infectious.

The model was calibrated using the Bayesian calibration approach, which allowed
us to select the trajectories that best fit the real-world data. The calibration targets were
the prevalence of gonorrhea at three anatomical sites among the US MSM, the prevalence
of ceftriaxone-resistant gonorrhea at three anatomical sites among the US MSM and the
annual rate of reported gonorrhea cases per 100,000 US MSM. The calibration period was
2004-2019, which was determined by the data that we used for calibration. For this work,
we used the version of our model that includes 100 selected trajectories (in contrast to the
version described in [15] that includes 70 trajectories).

2.2. Current Surveillance Strategy for Antimicrobial-Resistant Gonorrhea

The isolates are collected monthly from up to the first 25 men with symptomatic
gonococcal urethritis seeking care at the participating sexually transmitted disease clinics.
The procedure involves the collection of urethral swabs from the patients. These isolates
are then shipped to the regional laboratories within the Antibiotic Resistance Laboratory
Network (ARLN), where they are stored in the freezers. Clinical and demographic data
are also collected from the patients and submitted to the Centers for Disease Control and
Prevention (CDC) electronically. At the laboratories, the agar dilution method is used to
test whether the isolates are susceptible to the key antibiotics currently or previously used
for the treatment of gonorrhea (ceftriaxone, azithromyecin, ciprofloxacin, etc.) [13]. The
results are submitted electronically to the CDC, where they are compiled and analyzed,
and the percentages of cases resistant to these antibiotics are estimated. These results are
published annually.

2.3. Cost-Effectiveness Analysis

We adopted a healthcare sector perspective for our analysis and followed the Con-
solidated Health Economic Evaluation Reporting Standards (CHEERS) [19]. QALYs were
used as a measure of the disease burden on the population’s health, as they allow for the
inclusion of morbidity and the impact of sequelae due to gonorrhea, and for comparison of
the efficiency of health interventions for different conditions using the same units.

It was assumed that people experience reduced quality of life due to urethritis during
symptomatic urethral gonorrhea and while experiencing sequelae caused by untreated
asymptomatic gonorrhea. The reduction in quality of life was quantified using the utilities
of each health state. Utilities are preference-based values scaled from 0 (representing death)
to 1 (representing perfect health). We considered DGI and epididymitis as possible sequelae
and distinguished between inpatient and outpatient treatments of these sequelae. The
probability of developing a sequela was assumed to be the same for all the anatomical sites.
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The state-specific utilities, probabilities and durations, as well as the associated un-
certainty intervals, were obtained from [20] and are presented in Table 1. The uncertainty
intervals represent the 95% uncertainty intervals (the 2.5th and 97.5th percentiles of the
posterior distribution). The probability of epididymitis in case of untreated gonococcal
infection obtained from [20] was based on pooled estimates from longitudinal studies on
the sequelae among men with chlamydia, as no data for gonorrhea is available.

Table 1. Utilities, probabilities and durations used in the analysis.

Parameter Mean Value Uncertainty Interval Source
Utilities [20]
Urethritis 0.85 0.76 to 0.92
DGI (inpatient treatment) 0.68 0.53 to 0.84
DGI (outpatient treatment) 0.6 0.41 to 0.79
Epididymitis (inpatient treatment) 0.3 0.012 to 0.59
Epididymitis (outpatient treatment) 0.46 0.2 to 0.72
Probabilities [20]
Probability of inpatient treatment given DGI 0.29 0.17 to 0.43
Probability of inpatient treatment given epididymitis 0.0054 0.0028 to 0.0092
Probability of DGI given untreated gonorrhea 0.01 0.0075 to 0.013
Probability of epididymitis given untreated gonorrhea 0.042 0.0012 to 0.14
Durations (years) [20]
Urethritis 0.019 0.01 to 0.028
DGI (inpatient treatment) 0.03 0.016 to 0.044
DGI (outpatient treatment) 0.022 0.011 to 0.032
Epididymitis (inpatient treatment) 0.0082 0.0043 to 0.012
Epididymitis (outpatient treatment) 0.019 0.001 to 0.028

Abbreviation: DGI, disseminated gonococcal infection.

In order to simulate the target outputs, the utilities and probabilities were assigned by
the beta distribution, while the durations were assigned by the gamma distribution. Then,
for each distribution, we applied the optimization procedure that found the parameters
that minimize the sum of the squared differences between the reported and achieved means
and the 95% uncertainty intervals. This was implemented in R (version 4.3.3).

The simulations were run for 25 years (2023-2048). This simulation window was
chosen as it is reasonable to expect that N. gonorrhoeae would develop resistance to ceftri-
axone during that time (it started to be used as the first-line treatment for the US MSM in
2004 [21]). During the simulations, the utilities, probabilities and durations were sampled
from the relevant distributions.

The total costs were calculated as the sum of the costs due to diagnosis and treatment
of gonorrhea, the costs of treatment of the sequelae and the cost of surveillance of AMR
gonorrhea. All the costs are listed in Table 2. The costs obtained from the literature were
adjusted to 2023 USD based on the Personal Health Care (PHC) price indices [22].

The costs were assigned by the gamma distribution, and their parameters were also
found by applying the optimization procedure. As only the mean was available for the
cost of gentamicin, we calculated its 95% uncertainty interval, having assumed that the
coefficient of variation is 5%. We found no data on the cost of the susceptibility testing at
ASTN laboratories, the cost of transportation of the isolates from the surveillance sites to
ASTN laboratories and all other related operational costs. Therefore, we defined the sum
of all these costs per isolate as the “cost of antimicrobial susceptibility testing (AST) per
isolate” and assumed its value. The coefficient of variation was assumed to be 25%.
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Table 2. Costs used in the analysis.

Costs (in 2023 USD) Mean Value Uncertainty Interval Source
NAAT for gonorrhea at one site 67.6 35.4 to 100.8 [20]
Treatment for urethritis 93.4 48.3 to 138.4 [20]
Short clinic visit 41.8 21.5t062.2 [20]
Ceftriaxone 250 mg 24.7 129 to 36.5 [20]
Azithromycin1g 31.1 16 to 47.2 [20]
Gentamicin 240 mg 183 165.5 t0 201.4 [23]

AST per isolate 130 74.3 to 201 Assumption

Treatment of DGI (inpatient) 7766.4 4048.4 to 12,452.2 [20]
Treatment of DGI (outpatient) 638.4 332.6 t0 948.5 [20]
Treatment of epididymitis (inpatient) 8380.1 4368.2 to 12,452.2 [20]
Treatment of epididymitis (outpatient) 479.6 250 t0 948.5 [20]

Abbreviation: DGI, disseminated gonococcal infection; NAAT, nucleic acid amplification test; AST, antimicrobial
susceptibility testing.

The cost of diagnosis and treatment of a case of symptomatic, ceftriaxone-susceptible
gonorrhea includes: the cost of testing for gonorrhea at one site, the cost of treatment
for urethritis and the cost of a first-line antibiotic for gonorrhea. The cost of treatment
for urethritis includes the cost of a short clinic visit (in consistence with the previous
studies [20,24]). The cost of ceftriaxone 500 mg, the current first-line antibiotic, was assumed
to cost twice as much as the 250 mg dose.

Ceftriaxone will be replaced at some point—the possible candidates are zoliflodacin
and gepotidacin [25]. We assumed that by the time of the replacement, the generic options
of these drugs would already be available, as the level of resistance to ceftriaxone is still
low. These options are often 80-85% cheaper than branded medicines [26]. Therefore, we
assumed that the cost of the replacement antibiotic would equal the cost of the current
first-line generic (ceftriaxone). However, this is not certainly known, and different scenarios
are possible. Therefore, we explored a higher cost of the replacement antibiotic in the
sensitivity analysis.

In the case of a ceftriaxone-resistant strain, the cost of the second test for gonorrhea, the
cost of treatment for urethritis the second time, and the cost of the second-line antibiotics
(gentamicin 240 mg and azithromycin 2 g) are added to the cost of the diagnosis and
treatment of symptomatic, ceftriaxone-susceptible gonorrhea.

The cost of diagnosis and treatment of a case of asymptomatic gonorrhea consists of
the cost of testing for gonorrhea at three anatomical sites, the cost of a first-line antibiotic
for gonorrhea and the cost of a short clinic visit. Since there is no published cost of rectal or
pharyngeal tests for gonorrhea, we assumed that their cost would equal the cost of urine
NAAT for gonorrhea.

The cost of treatment of a sequela (DGI or epididymitis) arising from a case of untreated
asymptomatic gonorrhea was calculated as the probability of a sequela given untreated
gonorrhea multiplied by the weighted average of the inpatient and outpatient costs.

Finally, the cost of surveillance of AMR gonorrhea per year was calculated as the
product of the number of the tested isolates per year and the cost of AST per isolate. The
recent estimate of the US MSM population is 4,230,000 [27]. The number of isolates used
in GISP is normally around 5000-6000 isolates per year [28]. Since 2013, the percentage of
isolates that come from the US MSM constitutes around one-third of all the isolates [29].
Therefore, an average of 1833 isolates from the US MSM are submitted to GISP annually.
This comprises 0.04% of the entire US MSM population. We assumed that it would remain
on this level during the simulation period. The population of our model is 10,000 US MSM.
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Therefore, the number of isolates from the US MSM submitted to GISP in our model was
adjusted accordingly.

The total QALYs and costs were discounted to 2023 at 3% annually [30]. Subsequently,
the total discounted QALYs and costs were decomposed into their component parts.

We also estimated the total number of gonorrhea cases (both symptomatic and asymp-
tomatic), as well as the discounted QALYs and costs per incident gonococcal infection.

The analysis was conducted in MS Excel and Python (version 3.11.5).

2.4. Sensitivity Analysis

In order to identify the key drivers of uncertainty, we performed one-way sensitivity
analysis on the following parameters: the utilities, durations, probabilities, the cost of the
replacement antibiotic and the cost of the AST per isolate. For most of the parameters,
this was done by running the simulations using the lowest and the highest values from
the associated uncertainty intervals while keeping the other parameters fixed. For the
cost of the replacement antibiotic, rather than using the highest value from the associated
uncertainty interval, we used a value equal to ten times the base cost of ceftriaxone.

3. Results
3.1. Results of the Cost-Effectiveness Analysis

The results of the cost-effectiveness analysis are shown in Table 3.

Table 3. Results of the cost-effectiveness analysis. The mean and 95% uncertainty interval are
reported. The simulations were run in the cohort of 10,000 US men who have sex with men for
25 years (2023-2048).

Scenario

Total Number of

Total Number of

Total Costs Averted Incremental Incremental
Gonorrhea Cases Total QALYs (USD) Gonorrhea Cases QALYs Costs (USD)
(in 1000)

No surveillance

138.7 (30.5,276.4)  249.7 (40.8, 544.2)

544M(119M,

85.9 M)
Current 14M (65 M, 24.7 _386M
surveillance 35.7 (19.6, 65.5) 56.7 (19.3, 122.6) X T 104.1 (9.1, 213.2) 192.9 (6, 458.3) y
strategy M) (—682M, —1 M)

Abbreviations: QALYs, quality-adjusted life years.

The maintenance of the current surveillance strategy would result in 35,742 (95%
uncertainty interval: 19,574, 65,455) gonorrhea cases, 56.7 (95% uncertainty interval: 19.3,
122.6) QALYs and $14 million (95% uncertainty interval: $6.5 million, $24.7 million) spent in
the simulated cohort of 10,000 US MSM over a 25-year period (2023-2048). Meanwhile, if no
surveillance is in place, this would lead to 138,694 (95% uncertainty interval: 30,486, 276,422)
gonorrhea cases, 249.7 (95% uncertainty interval: 40.8, 544.2) QALYs and $54.4 million
($11.9 million, $85.9 million) spent over the same period of time.

The current surveillance strategy is cost-saving compared to a scenario with no surveil-
lance, as the health gains are higher and the costs are lower.

Under the current strategy, the discounted QALYs per incident gonococcal infection
are 0.0017 (95% uncertainty interval: 0.0008, 0.003), while the discounted costs per incident
gonococcal infection are $419.4 (95% uncertainty interval: $276.9, $542.8).

The decomposition of the total discounted QALYs and costs under the current surveil-
lance strategy is shown in Figure 1.
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5 (a) Decomposition of the total discounted QALYs - (b) Decomposition of the total discounted costs
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Figure 1. Decomposition of the total discounted QALYs and costs under the current surveillance
strategy. The simulations were run in the cohort of 10,000 US men who have sex with men for
25 years (2023-2048). The means are identified as histograms, and the 95% uncertainty intervals
are identified as error bars. Abbreviations: QALYs, quality-adjusted life years; SG, symptomatic
gonorrhea; AG, asymptomatic gonorrhea; DGI, disseminated gonococcal infection; EP, epididymitis;
Surv, surveillance of antimicrobial-resistant gonorrhea.

The composition of the total discounted QALYs is 81.4% (95% uncertainty interval:
57.8%, 93.6%) due to symptomatic gonorrhea, 5.4% (95% uncertainty interval: 1.9%, 10.2%)
due to DGI and 13.1% (95% uncertainty interval: 1.7%, 35.3%) due to epididymitis.

The contributors to the total discounted costs are the diagnosis and treatment of
symptomatic gonorrhea (22.6% (95% uncertainty interval: 14.6%, 29%)), diagnosis and
treatment of asymptomatic gonorrhea (66.4% (95% uncertainty interval: 58.6%, 74.9%)),
treatment of DGI (6.4% (95% uncertainty interval: 3.7%, 10.6%)), treatment of epididymitis
(4.4% (95% uncertainty interval: 0.3%, 12.9%)) and surveillance of AMR gonorrhea (0.06%
(95% uncertainty interval: 0.03%, 0.12%)).

3.2. Results of the Sensitivity Analysis

The results of the one-way sensitivity analysis are presented in Figure 2.

The incremental QALYs are robust to the variations in the duration of epididymitis
(inpatient treatment) and the utility of epididymitis (inpatient treatment), so these results
are difficult to spot on the plot. The same is true for the cost of the AST per isolate, to which
the incremental costs are robust.

The current surveillance strategy is cost-saving compared to no surveillance in all
the one-way sensitivity analyses. The main determinants of the incremental QALYs are
the utility of urethritis, the duration of urethritis and the probability of epididymitis
given untreated gonorrhea. Since the last parameter was estimated for the probability
of epididymitis given untreated chlamydia and was used only because no such data is
available for gonorrhea, it is not surprising that this is one of the main drivers of uncertainty
in the analysis. Meanwhile, urethritis experienced during symptomatic gonorrhea is the
main source of the QALYs overall, so the parameters related to this condition have a big
effect. The incremental costs are most sensitive to the cost of the replacement antibiotic,
which is also an expected result given the high uncertainty associated with this parameter.
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(a) Impact of uncertainty in the utilities on
the incremental QALYs

utility of urethritis

Utility of DGI (IT)

Utility of EP (IT)

Duration of urethritis

Duration of DGI (IT)

Duration of DGI (OT)

Duration of EP (IT)

(b) Impact of uncertainty in the durations on

the incremental QALYs

Utility of DGI (OT) [

= High value
Low value

Duration of EP (OT) .

110 150 190 230 270 300 70 110 150 190
Incremental QALYs Incremental QALYs

Utility of EP (OT)

(c) Impact of uncertainty in the probabilities on
the incremental QALYs

(d) Impact of uncertainty in the probabilities and
the costs on the incremental costs

Probability of IT given DGI Probability of IT given DGI . 1

Probability of IT given EP [

Probability of IT given EP l Probability of DGI given UG .

probabilty of ¢ given uc | [N

Probability of DGI given UG I
Cost of the replacement antibiotic

Probability of EP given UG

Cost of the AST per isolate

150 170 190 -43 -39 -35 =31 -27 -23
Incremental QALYs Incremental costs (millions of USD)

Figure 2. Results of the one-way sensitivity analysis. In case the result obtained using a low value is equal
to the result obtained using a high value, only the low-value result is shown. Abbreviations: QALYs,
quality-adjusted life years; DGI, disseminated gonococcal infection; EP, epididymitis; IT, inpatient
treatment; OT, outpatient treatment; UG, untreated gonorrhea; AST, antimicrobial susceptibility testing.

4. Discussion

This paper addresses a decades-long evidence gap by conducting the first cost-
effectiveness analysis of the surveillance strategy for AMR gonorrhea in the United States.
The strategy is based on the use of GISP estimates for informing the national gonorrhea
treatment guidelines. The projections for the total number of gonorrhea cases, discounted
QALYs and discounted costs over a 25-year period for the current situation and for a
scenario with no surveillance have been obtained. Our results indicate that the current
surveillance strategy yields health gains while reducing the costs. However, it should be
noted that the lowest projected savings ($1 million) constitute a limited gain given the
national scope of the program. The discounted QALYs and costs per incident gonococcal
infection under the current strategy were also estimated.

We found that the main contributor to the total discounted costs is the diagnosis and
treatment of asymptomatic gonorrhea. Meanwhile, symptomatic gonorrhea accounts for
the largest proportion of the total discounted QALYs. This is followed by epididymitis,
which is responsible for 13% of them on average. DGI impacts more in terms of the costs
than in terms of the QALYs. This complication is rare but, unlike epididymitis, has a
nearly 30% probability of inpatient treatment, which results in high costs. These results
once again highlight the importance of routine screening for gonorrhea among vulnerable
populations such as MSM. As for surveillance of AMR gonorrhea, its contribution to the
total discounted costs is very low.

Since this study was conducted using an agent-based model, which is inherently
stochastic, and there is a strong dominance of the current surveillance strategy over no
surveillance (it is cost-saving), there was no decision uncertainty to resolve with a prob-
abilistic sensitivity analysis. Instead, as a sensitivity analysis, we conducted a one-way
sensitivity analysis to determine the main drivers of uncertainty. They are the utility of ure-
thritis, the duration of urethritis, the probability of epididymitis given untreated gonorrhea
and the cost of the replacement antibiotic.

The obtained results should be viewed in the context of some limitations. In particular,
full adherence to the gonorrhea treatment guidelines was assumed. In reality, according to
a recent study [31], around 20% of the male patients have not received the recommended
first-line antibiotic therapy. Similarly to many other models of gonorrhea transmission, our
model’s population consists exclusively of the MSM who are disproportionally affected by
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this disease and have disproportionally high rates of asymptomatic infections. For the entire
US population, the specific results will be different. However, the main conclusion is expected
to hold. Finally, if data on the probability of epididymitis given untreated gonococcal infection
become available in the future, it will improve the accuracy of this analysis.

5. Conclusions

The current US surveillance strategy for AMR gonorrhea is cost-saving compared to a
scenario with no surveillance. However, the low-bound estimate shows limited savings of
$1 million, a relatively modest amount on a national scale.
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The following abbreviations are used in this manuscript:

AMR Antimicrobial-resistant

DGI Disseminated gonococcal infection
GISP Gonococcal Isolate Surveillance Project
MSM Men who have sex with men

QALY  Quality-adjusted life year

WHO  World Health Organization

PHC Personal health care

5G Symptomatic gonorrhea
AG Asymptomatic gonorrhea
EP Epididymitis

IT Inpatient treatment

oT Outpatient treatment

UG Untreated gonorrhea

AST Antimicrobial susceptibility testing

NAAT  Nucleic acid amplification test

ARLN  Antibiotic Resistance Laboratory Network
CDC Centers for Disease Control and Prevention
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