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The discovery and development of antimicrobial therapies represents one of the most significant advancements 
in modern medicine. Although the primary therapeutic intent of antimicrobials is to eliminate their target 
pathogens, several antimicrobials have been shown to provide analgesia as a secondary benefit. Antimicrobials 
have demonstrated analgesic effects in conditions that involve dysbiosis or potential subclinical infection (e.g., 
chronic low back pain with Modic type 1 changes; chronic prostatitis/chronic pelvic pain; irritable bowel syndrome; 
inflammatory bowel disease; functional gastrointestinal disorders/dyspepsia; myalgic encephalomyelitis/chronic 
fatigue syndrome), and might even prevent the chronification of pain after acute infections that are associated with 
excessive systemic inflammation (e.g., post COVID-19 condition/long Covid, rheumatic fever). Clinical studies often 
assess the analgesic effects of antimicrobial therapies in an observational manner, without the ability to identify 
causative relationships, and significant gaps in the understanding remain regarding the analgesic potential of 
antimicrobials. Numerous interrelated patient-specific, antimicrobial-specific, and disease-specific factors altogether 
contribute to the perception and experience of pain, and each of these requires further study. Given worldwide 
concerns regarding antimicrobial resistance, antimicrobials must continue to be used judiciously and are unlikely 
to be repurposed as primary analgesic medications. However, when equipoise exists among several antimicrobial 
treatment options, the potential analgesic benefits of certain antimicrobial agents might be a valuable aspect 
to consider in clinical decision-making. This article (the second in a two-part series) aims to comprehensively 
review the evidence on the prevention and treatment of chronic pain using antimicrobial therapies and suggest a 
framework for future studies on this topic.
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Sensitization; Chronic Pain; Infections; Neuralgia; Nociceptive Pain; Pain Management.
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INTRODUCTION

The multipurpose use of antimicrobial treatments to treat 
pain and other non-infectious conditions predates the 
advent of antibiotics and includes arsenic to treat pain 
in dentistry [1], mercury to treat myriad pain conditions 
[2], and bloodletting [3], which was considered a panacea 
for millennia in Western civilization for nearly all human 
ailments. Since the onset of widespread antibiotic use, 
physicians have also documented the commensurate 
alleviation of pain that accompanies the eradication or 
reduction in microbial burden.

As noted in the first part of this two-part series, antimi-
crobial therapies have also been shown to alleviate pain 
via off-target effects, independent of their germicidal 
properties and via direct targeted effects (e.g., reduc-
ing the microbial burden in spine pain and dyspepsia). 
Similar to other major medical advances, these effects 
are often discovered serendipitously. In the literature, 
there are numerous examples of antimicrobial agents 
exerting antinociceptive effects via indirect mechanisms. 
Signaling via the mammalian target of rapamycin, which 
controls mRNA translation and mediates opioid toler-
ance and hyperalgesia, is a potential target for improving 
opioid efficacy and analgesia [4]. In preclinical studies, 
the antifungal agent rapamycin has been shown to re-
duce inflammatory and neuropathic pain [5,6]. Other 
animal studies have found that tetracycline derivatives 
may attenuate neuropathic pain through the inhibition 
of EphB1 tyrosine kinase, which is a mediator of neuro-
pathic pain and morphine tolerance, and that the anti-
microbial peptide piscidin-1 may possess antinocicep-
tive effects in neuropathic pain models [7,8]. Dapsone, 
which is approved by the United States Food and Drug 
Administration for leprosy and dermatitis herpetiformis, 
and is used off-label to treat malaria and Pneumocystis 
carinii (jirovecii), possesses anti-inflammatory proper-
ties and has shown efficacy in clinical studies for various 
inflammatory arthritides [9]. Since medical advances are 
often siloed, discoveries in the neuroscience and infec-
tious disease literature may take decades before they are 
recognized by pain specialists and studied in acute and 
chronic pain patients.

The relationship between the immune system and the 
perception of pain is inextricable and complex. If the 
understanding of this relationship were metaphorically 
measured on a calendar, science would only just be wak-
ing up on New Year’s Day. The primary goal in the second 
part of this series is to highlight the evidence on the pre-
vention and treatment of chronic pain using antimicro-

bial therapies, and provide the scaffolding for areas ripe 
for future investigation.

PREVENTION OF CHRONIC PAIN 
USING ANTIMICROBIAL THERAPY 
FOR ACUTE INFECTIONS

Several classes of antimicrobial medications (e.g., cepha-
losporins [10], rapalogues [11]) can confer analgesic ef-
fects pertinent to the treatment of chronic pain via the 
reduction of infectious burden [12,13], or via off-target ef-
fects that alleviate neuroinflammation [14,15]. Moreover, 
although data are sparse and mixed, there is evidence 
that early treatment of some infections associated with 
acute pain might prevent or reduce the incidence of sub-
sequent chronic pain. Table 1 summarizes the systematic 
reviews, meta-analyses, and largest studies published 
that pertain to acute infection management/acute anti-
microbial treatment and the prevention of subsequent 
chronic pain. The literature that is currently available is 
limited to postherpetic neuralgia (PHN), post COVID-19 
condition/“long Covid,” and rheumatic fever.

1. PHN

PHN is defined as pain persisting more than 90 days after 
the onset or healing of the vesicular rash associated with 
varicella-zoster virus reactivation [16]. Numerous periph-
eral (e.g., ectopic discharges, peripheral sensitization) 
and central (e.g., glial cell activation, central sensitiza-
tion) mechanisms are likely involved in the maintenance 
of PHN [17]. Although the virus is rarely eradicated de-
spite antiviral treatment and primarily exists in a latent 
state in ganglion cells [18], an ongoing, uncontrolled 
infection is unlikely to be the cause of PHN symptoms in 
most individuals.

In a Cochrane systematic review and meta-analysis 
comprising 6 randomized controlled trials (RCTs) and 
1,211 patients [19], acyclovir did not reduce the incidence 
of PHN at either 4 or 6 months after the onset of acute 
herpetic rash (based on 609 participants among three tri-
als [20–22] and 476 participants among two trials [22,23], 
respectively) compared to a placebo. However, a meta-
analysis of four trials [20,21,24,25] demonstrated a sta-
tistically significant benefit from acyclovir at one month 
after rash onset. There was insufficient data to complete a 
subgroup analysis assessing whether earlier administra-
tion of acyclovir (< 24 hours of rash onset) might influ-
ence outcomes. It is noteworthy that no additional RCTs 
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were identified since the previous iteration of this review 
in 2009 [26], and although an update was intended for 
2017 [19], it has yet to be completed or published.

2. Post COVID-19 condition (long Covid)

Post COVID-19 condition, also known by various terms 
such as “long Covid,” “chronic Covid syndrome,” “long-
haul covid,” or “post-acute sequelae of COVID-19” [27], 
is defined by the World Health Organization (WHO) as 
“the continuation or development of new symptoms 3 
months after the initial SARS-COV-2 infection, with these 
symptoms lasting for at least 2 months with no other 
explanation [28].” Other diagnostic criteria are under de-
velopment and differ in regard to minimum duration of 
symptoms (e.g., 4 weeks per the National Health Service 
of the United Kingdom [29] and the Centers for Disease 
Control and Prevention of the United States [30]). Among 
individuals with test-confirmed COVID-19 infections, 
the incidence of post-COVID-19 condition is estimated 
to range from 13.9%–14.7% (using a definition of ongo-
ing symptoms > 2 months post-infection) [31] to as high 
as 45% (using a definition of ongoing symptoms at > 28 
days post-infection) [27]. “New-onset” chronic pain (pain 
symptoms arising only subsequent to COVID-19 infec-
tion and persisting > 3 months) is one of the most com-
mon manifestations of post-COVID-19 condition, with an 
estimated incidence approaching 20% among COVID-19 
survivors [32].

In one retrospective analysis of non-hospitalized pa-
tients via a United States Department of Veterans Affairs 
database [33], 9,217 individuals who were treated with 
oral nirmatrelvir within five days of a positive COVID-19 
test were compared against 47,123 individuals who re-
ceived no antimicrobial treatment within 30 days of diag-
nosis. The group that received nirmatrelvir demonstrated 
a reduced risk of post-acute sequelae of COVID-19 (haz-
ard ratio [HR], 0.74; 95% confidence interval [CI], 0.69–
0.81) that appeared to be independent of vaccination sta-
tus or history of prior infection. This study was published 
on a preprint server and without peer-review, and these 
findings therefore require confirmation. One case series 
reported that among four patients diagnosed with CO-
VID-19 who received nirmatrelvir, the three patients who 
had prior diagnoses of long Covid reported improvement, 
whereas the one patient who received nirmatrelvir within 
24 hours of acute COVID-19 symptom onset experienced 
an overall worsening of symptoms [34]. As of March 2023, 
no additional studies or trials assessing the relationship 
between nirmatrelvir and post-COVID-19 condition have 

been published, and there is yet to be an established 
therapeutic regimen for post-COVID-19 condition [35].

Vaccination might help prevent post-COVID-19 con-
dition among individuals who experience subsequent 
breakthrough infections, but uncertainties remain. In a 
recent prospective cohort study of 669 test-confirmed 
COVID-19 patients, non-vaccination status was associ-
ated with an adjusted odds ratio (OR) of 6.9 (95% CI, 4.2–
11.3) for developing long Covid symptoms [36]. However, 
in a large retrospective cohort study of 9,479 vaccinated 
individuals matched to unvaccinated controls, receiving 
at least one COVID-19 vaccine dose was not associated 
with a decreased risk of long Covid, although the inci-
dences of myalgia (HR, 0.78; 95% CI, 0.67–0.91) and pain 
(HR, 0.90; 95% CI, 0.81–0.99) decreased [37]. A recent, 
large systematic review by Byambasuren et al. [38] identi-
fied 16 observational studies assessing the effect of vac-
cination on the incidence of long Covid, altogether com-
prising over 614,000 patients. The authors did not identify 
any RCTs and could not perform a meta-analysis due to 
the heterogeneity of the data. Among the included stud-
ies, OR values ranged widely and at times approached 
or exceeded 1.0, and there was no clear pattern regard-
ing whether additional vaccination doses confer greater 
protection (among individual included studies, the OR 
with one dose ranged from 0.22 to 1.03; 0.25–1.02 for 
two doses; 0.48–1.01 for any dose; in one study assessing 
three doses, the OR was 0.16 [95% CI, 0.03 to 0.85] [39]). 
Because the included studies varied in their diagnostic 
criteria (e.g., 28 days of symptoms versus longer dura-
tions) and data collection methods (e.g., self-reporting of 
symptoms versus provider assessment), and all studies 
were completed prior to the emergence of the omicron 
variant, the generalizability of these data is uncertain. Ad-
ditionally, since a meta-analysis could not be performed, 
the investigators were not able to determine whether dif-
ferent vaccines (e.g., BNT 162b2, mRNA-1273, ChAdOx1 
nCoV-1) might confer different rates of protection against 
post-COVID-19 condition. More studies are necessary 
to clarify whether one vaccine is superior to another in 
regard to prevention of post-COVID-19 conditions, and 
whether the timing of vaccination prior to breakthrough 
infection and the specific viral variant influences the like-
lihood of prevention.

Very limited data are available regarding whether the 
WHO-approved vaccines can prevent or treat post-CO-
VID-19 condition if they are administered after infection 
has already occurred. In the systematic review by Byam-
basuren et al. [38], five studies reported data on vaccina-
tion administration subsequent to COVID-19 infection, 
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and OR values for subsequent long Covid ranged from 
0.38–0.91. However, in a small prospective open-label 
study in 42 patients diagnosed with long Covid (using a 
definition of persistent symptoms > 2 months after CO-
VID-19 diagnosis), a single vaccination dose improved 
symptoms in 16.7% of patients but worsened symptoms 
in another 21.4% [40]. The patients who reported wors-
ening symptoms had significantly higher levels of serum 
antibody titers compared to those who reported an im-
provement of symptoms or no change, suggesting that an 
excessive immune response might be the cause. It is im-
portant to note that the investigators did not report which 
vaccine or dosage they used, and therefore these findings 
require additional confirmation.

3. Rheumatic fever

Rheumatic fever is the result of an autoimmune response 
to a pharyngeal infection with group A Streptococcus 
(GAS), most commonly Streptococcus pyogenes, likely 
mediated via molecular mimicry between streptococcal 
antigens and endogenous proteins [41]. Polyarthritis and 
carditis are the most common manifestations of acute 
rheumatic fever and are considered “major criteria” in 
the revised Jones criteria for diagnosis [42]. For primary 
prevention of rheumatic fever, consensus guidelines [43] 
recommend intramuscular benzathine penicillin G or a 
course of oral phenoxymethylpenicillin (penicillin V). In 
those who are at elevated risk of a severe adverse reaction 
(e.g., a previous history of anaphylaxis from penicillin), 
a macrolide antibiotic is recommended instead [41]. Un-
fortunately, despite the high in-vitro susceptibility of GAS 
to penicillin, GAS is not eradicated in all patients who are 
treated [43].

In a meta-analysis of 10 RCTs comprising 7,665 pa-
tients, antibiotics for the primary prevention of rheumatic 
fever only had a protective effect of approximately 70%, 
with a number needed-to-treat (NNT) of 53 [44]. When 
pooled analyses were restricted to data pertaining to 
penicillin antibiotics, the protective effect only increased 
to 80%. Of note, all included studies were completed 
between 1950–1961 among the young adult male popula-
tion in the United States military, which might altogether 
suggest a prima facie lack of generalizability. However, 
contemporary estimates are similar in numeric value. 
The American Heart Association estimates that primary 
penicillin prophylaxis against rheumatic fever is 68% ef-
fective [45], and in a more recent meta-analysis of 6 RCTs 
in the school-age population, the estimated efficacy is 
approximately 60% [46]. A school-based RCT by Lennon 

et al. [47] (in which schools were the randomized units) 
comprising approximately 22,000 students demonstrated 
a non-significant reduction in rates of rheumatic fever 
despite implementation of onsite clinics for diagnosis 
and oral penicillin administration; however, in a sub-
sequent cohort study involving 25,000 students by the 
same lead investigator in a similar patient population, 
the implementation of school-based sore throat clinics 
in addition to oral penicillin reduced the incidence of 
rheumatic fever by 58% after two years of implementation 
[48]. The investigators postulated that in their RCT [47], 
because school-zoning methods allowed for a child to 
attend a control-group school but a younger or older sib-
ling in the same family to attend an intervention-group 
school, any protective effects from the intervention might 
have been diluted by household exposures to GAS [48]. 
No published studies or pooled analyses have specifically 
assessed the incidence of pain-related symptoms (e.g., 
polyarthralgia), but it stands to reason that the antibiotic 
prevention of rheumatic fever will also confer a protective 
effect, albeit of an uncertain magnitude.

TREATMENT OF CHRONIC 
PAIN CONDITIONS USING 
ANTIMICROBIALS

Infections can cause pain through direct tissue damage 
and the induction of maladaptive immune responses 
(e.g., molecular mimicry, epitope spreading), which can 
lead to peripheral and central sensitization and propa-
gate chronic pain [49]. There is evidence that some anti-
microbial therapies provide analgesic effects by reducing 
known or subclinical infectious burden (e.g., chronic low 
back pain [50], chronic prostatitis/chronic male pelvic 
pain [51,52]), or by mitigating (through off-target effects) 
neuroinflammatory processes that facilitate nociception. 
Most clinical studies assessing the use of antimicrobials 
for treating chronic pain symptoms have focused on gas-
trointestinal conditions.

Table 2 provides a summary of published reviews and 
meta-analyses and their results, organized by pain con-
dition (e.g., chronic low back pain, chronic prostatitis/
pelvic pain syndrome, irritable bowel syndrome (IBS), 
inflammatory bowel disease (IBD), functional dyspepsia, 
myalgic encephalomyelitis/chronic fatigue syndrome 
[ME/CFS]).
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1. IBS

IBS is diagnosed through the Rome IV criteria [53], which 
recognizes that the condition is a functional gastrointes-
tinal disorder [54] resulting from a complex relationship 
involving microbial dysbiosis, altered immunologic re-
sponses, and central nervous dysregulation of gastroin-
testinal functions [53]. There is considerable evidence 
that microbial dysbiosis contributes to the pathophysiol-
ogy of IBS by disrupting epithelial barriers in the gastro-
intestinal lumen, leading to overactivation of mucosal 
afferent nerves and immune responses, contributing to 
altered central nervous system signaling that might fur-
ther impair bowel function and structural integrity [55].

Despite the likely role of dysbiosis in the etiology and 
maintenance of IBS, the volume of evidence for the effec-
tiveness of antimicrobials is limited. One meta-analysis 
of 9 RCTs, comprising over 2,800 patients with IBS, as-
sessed whether antibiotics are superior to a placebo [56]. 
Rifaximin was used in 7 studies, while neomycin and nor-
floxacin were each assessed in one study. When the data 
of four trials with low risk-of-bias were pooled, rifaximin 
was found to have a modest effect on improving IBS 
symptoms (risk ratio [RR] = 0.87, 95% CI, 0.82–0.93; NNT 
= 11, 95% CI, 8–21), and the individual trials of neomycin 
(RR = 0.73, 95% CI, 0.56–0.96; NNT = 5, 95% CI, 3–33) and 
norfloxacin (RR = 0.63, 95% CI, 0.49–0.80; NNT = 3, 95% 
CI, 2–5) were also positive. However, the authors were 
not able to determine which antibiotic doses or regimens 
might confer the greatest efficacy.

A recent large meta-analysis assessed the efficacy of 
pharmacologic therapies for patients with either diar-
rhea or mixed stool-pattern IBS, comprising 18 RCTs and 
over 9,800 patients [57]. Among the included studies, 12 
RCTs assessed serotonin 5-hydroxytryptamine-3 recep-
tor antagonists (alosetron or ramosetron), four assessed 
eluxadoline (a mixed μ-opioid receptor agonist, δ-opioid 
receptor antagonist, and κ-opioid receptor agonist), and 
only two assessed an antimicrobial (rifaximin). Although 
rifaximin conferred the lowest risk of adverse effects, in-
cluding constipation, it did not demonstrate greater effi-
cacy than a placebo for improvement in global IBS symp-
toms (RR = 0.91, 95% CI, 0.77–1.07) or abdominal pain (RR 
= 0.95, 95% CI, 0.89–1.01).

Additional studies are necessary to clarify the optimal 
role of antimicrobials in the management of IBS. Al-
though efforts toward this continue, updated American 
College of Gastroenterology [58] and American Gastroen-
terological Association [59] guidelines now recommend 
the use of rifaximin for IBS with diarrhea on the premise 

https://paperpile.com/c/nGPMAz/bsvq
https://paperpile.com/c/nGPMAz/mhdC
https://paperpile.com/c/nGPMAz/zFlc
https://paperpile.com/c/nGPMAz/mhdC
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that its potential benefits for the gut microbiome out-
weigh its few adverse effects.

2. IBD

IBD, which comprises ulcerative colitis and Crohn’s dis-
ease, is thought to result from a chronic, dysregulated 
immune response to intestinal microflora amidst in-
completely understood genetic and environmental risk 
factors [60]. Most treatments for IBD are therefore immu-
nomodulators such as corticosteroids, methotrexate, or 
azathioprine, or anti-inflammatory medications such as 
aminosalicylates and anti-tumor necrosis factor mono-
clonal antibodies [60].

There is limited evidence that exposure to antibiotics 
within the first year of life might increase the risk for IBD 
[61], and current guidelines do not recommend the rou-
tine use of antibiotics for the management of IBD due to 
uncertain benefit [62,63]. Nonetheless, antibiotics have 
been studied for their potential effects on IBD remission 
and symptom reduction. A recent Cochrane review of 13 
RCTs comprising over 1,300 patients with Crohn’s disease 
assessed whether antibiotics could induce and maintain 
remission [64]. The authors identified a high heterogene-
ity of treatment regimens, ranging from those that include 
ciprofloxacin, rifaximin, metronidazole, cotrimoxazole, 
or clarithromycin, to those that include various combina-
tions of these antibiotics in addition to corticosteroids, 
anti-inflammatory medications, or monoclonal anti-
bodies. When data pertaining to all antibiotic therapies 
were pooled, patients who had received antibiotics had a 
significantly lower rate of remission failure compared to 
those who had received placebo, within 10 weeks (RR = 
0.86, 95% CI, 0.76 to 0.98) as well as 14 weeks (RR = 0.77, 
95% CI, 0.64 to 0.93). However, antibiotics did not appear 
to reduce rates of relapse within 1 year compared to a 
placebo (RR = 0.87, 95% CI, 0.52 to 1.47). In a small sys-
tematic review [65] of 15 studies in patients with IBD, one 
comparative-effectiveness study in 29 patients [66] found 
that a 10-day course of either metronidazole or ciproflox-
acin reduced abdominal symptoms (e.g., bloating, pain) 
without a difference in efficacy between antibiotics.

Although antibiotics appear to confer a low risk of 
adverse effects [63,64], more data are needed to demon-
strate that their potential benefit outweighs the risks of 
antibiotic overuse and resistance, as well as a potentially 
greater risk of Clostridium difficile superinfection [63].

3. Upper gastrointestinal tract pathologies (e.g., 

peptic ulcers, gastritis, functional dyspepsia) 

Dyspepsia describes symptoms characteristic of upper 
gastrointestinal disorders, such as postprandial fullness, 
early satiety, and epigastric pain, whereas functional dys-
pepsia is the term used to describe these symptoms when 
they are chronic and occur without an established etiol-
ogy [67]. Although the precise mechanisms have yet to be 
established, functional dyspepsia is likely the confluence 
of a disordered gut-brain axis, alterations in gastroin-
testinal sensorimotor function, gut dysbiosis, infection, 
gastrointestinal mucosal inflammation, and excessive 
immune activity [68].

Because chronic subclinical infections or microbiome 
alterations are putative factors in the development and 
maintenance of functional dyspepsia, antimicrobial ther-
apies have been attractive targets for research. The most 
studied antimicrobial treatment for dyspepsia involves 
Helicobacter pylori  eradication. A meta-analysis [69] 
of 25 studies comprising 5,555 patients with functional 
dyspepsia and known H. pylori demonstrated a statisti-
cally significant improvement in dyspepsia symptoms 
after antibiotic treatment (RR = 1.23; 95% CI, 1.12–1.36, 
P < 0.0001), but only after long-term (≥ 1 year) follow-up 
and not at earlier time points. There was no significant 
improvement in quality of life after H. pylori eradication, 
and side effects secondary to antibiotics were more com-
mon (RR = 2.02; 95% CI, 1.12–3.65, P = 0.02). However, 
histologic resolution of chronic gastritis was more likely 
with H. pylori eradication (RR = 7.13; 95% CI, 3.68–13.81, 
P < 0.00001), as well as the prevention of peptic ulcer 
disease (RR = 0.35; 95% CI, 0.18–0.68, P = 0.002), which 
might explain the delayed improvement in functional 
dyspepsia symptoms.

A meta-analysis [70] of 18 RCTs assessed the effects of 
H. pylori eradication on functional dyspepsia symptoms, 
with subgroup analyses performed according to local 
prevalence and geographical regions. The authors found 
that the eradication of H. pylori significantly improved 
dyspepsia symptoms (RR = 1.18; 95% CI, 1.07–1.30, P < 
0.01) regardless of local prevalence, though in the sub-
group analysis of RCTs conducted in Asia, there was no 
significant benefit (RR = 1.14; 95% CI, 0.99–1.33, P = 0.08). 
The authors postulated that differences in trial design 
(e.g., shorter duration of treatment regimens), smaller 
sample sizes, and conflicting results between the indi-
vidual RCTs completed in Asia, perhaps due to significant 
heterogeneity, might have led to non-significant results in 
the subgroup analysis, which should be interpreted with 
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caution [70].
A recent large meta-analysis [71] of 29 RCTs compris-

ing 6,781 patients with functional dyspepsia and H. pylori 
infection assessed the efficacy of eradication therapy 
on symptoms. Eradication therapy was more likely than 
non-antibiotic therapies to result in symptom resolution 
(RR of non-cure = 0.91, 95% CI, 0.89 to 0.94; NNT = 14, 
95% CI, 11 to 21) or symptomatic improvement (RR of no 
improvement = 0.84, 95% CI, 0.78 to 0.91; NNT = 9, 95% 
CI, 7 to 17). Subgroup analyses did not show a significant 
difference in benefit between different antibiotic regi-
mens, but eradication therapies were associated with a 
higher risk of adverse events (RR = 2.19, 95% CI, 1.10 to 
4.37; number needed to harm = 3, 95% CI, 1 to 40). Nota-
bly, in contrast to the findings of Kang et al. [70], the effect 
size of H. pylori eradication was greater in Asian studies 
(RR = 0.82, 95% CI, 0.73 to 0.91; NNT = 8, 95% CI, 5 to 15, 
P < 0.001) than in non-Asian studies (RR = 0.92, 95% CI, 
0.89 to 0.95; NNT = 16, 95% CI, 12 to 25, P = 0.32), with a 
statistically significant between-group difference (P value 
for X2 = 0.04). The authors, overall, concluded that there 
is high-quality evidence supporting H. pylori eradication 
therapy in functional dyspepsia. They were unable to 
determine whether these benefits are directly due to the 
reduction of infectious burden, or via indirect effects on 
gastrointestinal dysbiosis, although the treatment effect 
size was larger in patients who had eradication of H. py-
lori (RR of non-cure = 0.74, 95% CI, 0.64 to 0.85; NNT = 6, 
95% CI, 4 to 10).

Although antimicrobial therapies are recommended 
when patients with functional dyspepsia have known H. 
pylori infection [72], increasing rates of antibiotic resis-
tance are a significant concern. Furthermore, the precise 
role of H. pylori in functional dyspepsia remains contro-
versial [73], which has led some consensus guidelines to 
propose that a functional gastrointestinal diagnosis pre-
cludes a known or putative infection [74]. Because most 
of the existing literature pertaining to antimicrobial treat-
ments for functional dyspepsia included only patients 
with H. pylori  infection, it remains unknown whether 
antibiotics might also benefit patients with dyspepsia but 
no known infection. Additionally, there is a need for fur-
ther clarification of the diagnostic definition of functional 
dyspepsia before the potential role of antibiotic therapies 
can be established.

4. ME/CFS

ME, or CFS, is a multisystem disorder affecting the 
nervous, autonomic, immune, and endocrine systems 

[75,76]. Symptoms include cognitive dysfunction, senso-
rimotor deficits, exertional-induced fatigue, temperature 
dysregulation, orthostatic hypotonia and hypotension, 
sleep disturbance, and widespread pain [75]. Although 
the etiology of ME/CFS is unclear, a variety of patho-
gens such as Epstein–Barr virus, enterovirus, hepatitis C, 
cytomegalovirus, West Nile virus, Borrelia burgdorferi, 
human herpesvirus-6, parvovirus B-19, Chlamydia pneu-
moniae, and Coxiella burnetii have been implicated, and 
pathophysiologic similarities to “long Covid” described 
[77–80]. Gut dysbiosis is one proposed mechanism for the 
development of ME/CFS [81]. Because some antibiotics 
reduce bacterial diversity and facilitate dysbiosis while 
others improve microbiota composition [82], it is impor-
tant to recognize that an antimicrobial regimen can be 
both a risk factor [81] or potential treatment [83] for ME/
CFS depending on its overall impact on gut microbiota 
[82].

A recent systematic review [83] evaluating treatments 
for ME/CFS included nine placebo-controlled trials as-
sessing pharmacologic therapies, of which four studies 
[84–87] utilized antimicrobial therapies. Two of these 
studies [84,85] were multicenter placebo-controlled trials 
assessing rintatolimod (Poly I:C12U), which is an intra-
venous immune modulator and antiviral drug. One study 
[84] in 92 patients demonstrated statistically significant 
improvements in Karnofsky Performance Scale Score (P 
< 0.03), exercise treadmill testing performance (P < 0.01), 
activities of daily living (P < 0.04), cognition (P = 0.05), 
and decreased symptom-relieving medication use (P < 
0.05); the other study [85] evaluated 234 patients at base-
line and at 40 weeks after treatment, demonstrating an 
improvement in exercise tolerance compared to baseline 
(21.3% increase, P = 0.047) and a reduced dependence 
on symptom-alleviating medications (P = 0.048). How-
ever, neither study reported measures directly pertaining 
to pain severity or magnitude of analgesia. In a small, 
placebo-controlled trial [86] evaluating valganciclovir in 
30 patients with CFS and elevated human herpesvirus-6 
and Epstein–Barr virus titers, improvements were seen 
in Multidimensional Fatigue Inventory-20 mental fatigue 
subscores (P = 0.039), Fatigue Severity Scale scores (P = 
0.006), and cognition (P = 0.025); however, the study was 
underpowered, and no pain-specific outcomes were re-
ported. In another small, placebo-controlled trial in 30 
patients with CFS [87], intravenous immunoglobulin G 
was administered every 30 days for six months. Among 
the 28 patients who completed the trial, no significant 
benefit in symptoms or functional status was found.

Notably, in a 1988 placebo-controlled RCT assessing 
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the efficacy of acyclovir in 27 patients with CFS [88], as 
well as in a 2012 unblinded retrospective chart review as-
sessing the efficacy of valganciclovir in 61 patients with 
CFS [89], improvements in mood, cognition, or physical 
function were reported, but these were not correlated 
with titers of antibodies to suspected causative pathogens 
(e.g., Epstein–Barr virus) [88,89]. This raises the possibil-
ity that these improvements were due to placebo effect, 
or other factors independent of the antiviral medications 
[88]. In summary, while antimicrobials may have a role in 
the treatment of ME/CFS, the available evidence remains 
limited. There is a need for future studies that specifically 
assess pain and analgesia, and ideally correlate improve-
ments to objective markers of pathogen reduction.

FUTURE RESEARCH

Since pain is a hallmark of infection and chronic pain is 
so prevalent, studies evaluating antimicrobial therapy 
may seek to determine whether the agents disproportion-
ately reduce acute pain as the infection resolves, or ser-
endipitously reduce non-infectious disease-related pain 
conditions (e.g., arthritis, spine pain). Given the risks 
associated with indiscriminate antimicrobial use, investi-

gations on the use of antimicrobial drugs for chronic pain 
should seek to identify biomarkers or phenotypic charac-
teristics that predict response to therapy, which could im-
prove risk-benefit and cost-effectiveness ratios. As noted 
in the first article on analgesic mechanisms of antimicro-
bial therapies, indirect-acting drugs that target phages 
themselves or phage-derived peptides, virulence factors; 
antibiotic-drug conjugates; microbiome-modulating 
treatments, immunomodulators; drug potentiators and 
a variety of other unconventional targets [90] should be 
evaluated for possible antimicrobial effects, with research 
on microbiome-transforming treatments being particu-
larly promising. Finally, given the mechanisms of action 
of many antimicrobial agents that include targeting the 
genome, immune mechanisms, and inflammatory cas-
cade, studies evaluating the effect of antimicrobial agents 
on chronic pain should aim to determine whether these 
medications possess disease-modifying properties (e.g., 
by correlating pain relief with biomarkers and imaging). 
Fig. 1 illustrates interrelated patient-specific, antimicro-
bial-specific, and disease-specific factors that contribute 
to the perception of pain and require further study.

Antimicrobial-specific factors

Pain

Patient-specific factors Disease-specific factors

Dose and timing of administration
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Effectiveness of medication
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Fig. 1. Venn diagram illustrating 
the overlap of patient-specific, 
antimicrobial-specific, and disease-
specific contributors to pain from 
infection.
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CONCLUSIONS

The primary therapeutic intent of antimicrobials is to 
eliminate their target pathogens before the host suc-
cumbs to infection and the infectious agents develop 
mechanisms of resistance. Several classes of antimicrobi-
als have been observed to provide pain relief as a second-
ary benefit, and clinical studies have utilized them in a 
variety of painful disease states to assess their analgesic 
efficacy.

Although the available evidence is limited, antimi-
crobial agents have demonstrated analgesic effects in 
conditions that involve dysbiosis or potential subclinical 
infection (e.g., low back pain with Modic type 1 changes, 
functional gastrointestinal disorders), and might help 
prevent subsequent chronic pain from acute infections 
associated with excessive systemic inflammation (e.g., 
post COVID-19 condition/“long Covid,” rheumatic fever). 
Significant questions remain regarding whether antimi-
crobial dosage or timing of administration influences 
the potential magnitude of analgesia, as well as which 
patient-specific factors or co-morbidities might also be 
relevant.

Owing to concerns regarding antibiotic resistance, an-
timicrobials must be used judiciously and are unlikely to 
be repurposed as primary analgesic medications. How-
ever, when clinical equipoise exists among several treat-
ment options, the potential analgesic benefit of certain 
antimicrobial agents might be valuable to consider.
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