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The opioid epidemic in the USA was recently declared a public health emergency [1]. Opioid analgesics are a class
of medications used primarily for the treatment of pain [1]. The substantial increase in opioid analgesic use during
the past several years has been well documented. There were approximately 92 million US adults using prescription
opioids in 2015, about three-times more users than in 1999 [2]. Although some data suggest that the increasing use
of opioid analgesics has slowed down in more recent years, opioid analgesic use remains substantial and has been
continually increasing in some geographical regions of the USA [2]. There are similar concerns regarding increasing
opioid analgesic use in other countries as well [3]. Unfortunately, despite the high prevalence of opioid use, our
understanding of the long-term safety and effectiveness of opioid analgesics remains incomplete [4].

Well-recognized, common side effects of opioid analgesic use include sedation, nausea, vomiting and constipation.
Less common side effects include hyperalgesia, muscle rigidity and hormonal imbalances [5]. Unfortunately, the
small sample sizes and short duration of existing randomized controlled trials limit the ability to detect more serious
but less frequent adverse outcomes linked to widespread and long-term opioid use. However, recent epidemiologic
evidence suggests that prescription opioid analgesic use is associated with an increased risk of opioid use disorders,
overdoses, cardiovascular events and adverse respiratory outcomes that contribute to the increased morbidity and
mortality reported among opioid users compared with nonusers [4,6–10]. Still, these specific outcomes do not fully
account for the excess morbidity and mortality observed among opioid users. In fact, a growing body of evidence
indicates that an increased risk of serious infections represents another clinically important adverse outcome
associated with opioid use [11,12].

Experimental evidence of opioid-induced immunosuppression & susceptibility to infections
Results from experimental and in vitro studies have demonstrated that certain opioids can negatively impact the
immune response through the downregulation of innate and acquired immune pathways [11,12]. Morphine, the
prototypical opioid and an active metabolite of some other opioids, has an affinity for binding to the mu opiate
(MOP) receptor found on T lymphocytes, macrophages and immature immune cells [11,12]. Morphine exposure is
also linked to the disruption of natural killer cell activity, as well as the disruption of macrophage and lymphocyte
production, migration and phagocytosis [11,12]. Morphine also impacts macrophage activity through interaction
with IL-2 and IFN-γ, and through the induction of macrophage apoptosis [11,12]. Morphine exposure is also
thought to impair the immune response further by downregulating major histocompatibility complex (MHC)-
class II receptors on B cells (thereby reducing T-cell activation) and by binding to T-cell MOP receptors and
impacting specific T-cell phenotype activation [11,12].

Although most studies of opioid-induced immunosuppression focused on morphine, the immunosuppressive
effects of opioids are not limited to morphine. Both codeine and morphine reduce natural killer cell activity and
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IL-2 production compared with hydromorphone or oxycodone in animal models [13]. Similarly, fentanyl inhibits
lymphocyte and natural killer cell proliferation and migration compared with buprenorphine or placebo [11,12].
These previously described immunosuppressive effects have not been observed for hydromorphone, oxycodone
and buprenorphine when used at equianalgesic doses [11,12]. Although the precise mechanism for this variability
remains unclear, it has been hypothesized that the lack of immunosuppressive effects observed for some opioids is
due to their different chemical structure compared with morphine [11,12].

Furthermore, the immunosuppressive effects of opioid analgesics have been shown to render exposed ani-
mals more susceptible to infections. Morphine-exposed mice were more likely to develop invasive Streptococcus
pneumoniae infection compared with unexposed mice [11,12]. Similarly, several studies have demonstrated that
opioid-exposed mice have an increased susceptibility to infection by Listeria monocytogenes, Salmonella enterica and
Acinetobacter baumannii compared with unexposed mice. Some other animal model studies have further suggested
that opioid exposure may induce greater susceptibility to infections caused by Gram-positive versus Gram-negative
bacteria [11,12].

Limited data from early human studies on opioid use & the risk of infections
Although individuals using heroin (an illicit opioid with described immunosuppressive properties) have long been
observed to have high infection rates, the presence of other contributing risk factors for infections made it difficult to
elucidate the direct impact of the opioid exposure on the infection risk of those patients [14]. Regarding prescription
opioid use, some small prior studies have reported an increased risk of infections among postsurgical, burn, cancer
and intensive care patients using opioids [15–17]. However, the small sample sizes and the complexity of these
specialized patient populations and settings limited the generalizability of those findings to broader populations.

Supporting evidence from recent studies among humans
More recently, three studies have evaluated the association between opioid analgesic use and the risk of serious
infections in the general population. These studies have consistently reported a higher risk of infections associated
with opioid analgesic use compared with no use. A case-control study conducted among older adults enrolled in
a private health insurance system reported a 39% increased odds of current opioid exposure among pneumonia
cases compared with controls [18]. Similarly, in a study conducted among patients with rheumatoid arthritis
enrolled in a State Medicaid program, periods of current opioid use were associated with a 38% increased risk
of serious infections (including pneumonia, bacteremia, meningitis/encephalitis, septic arthritis/osteomyelitis,
endocarditis, pyelonephritis and cellulitis) compared with periods of non-opioid use [19]. More recently, a nested
case-control study, conducted in a population of subjects aged 5 years or older enrolled in a State Medicaid
program, reported a 62% higher risk of laboratory-confirmed invasive pneumococcal disease among current users
of opioids compared with past users [20]. Importantly, each of these studies consistently reported that patients
using long-acting and high potency opioid formulations, opioids at high doses and opioids previously described as
exhibiting immunosuppressive properties (i.e., morphine, codeine, fentanyl and methadone) had the highest risk
for infection. The studies also noted a high risk for infections among patients recently initiating opioid use [18–20].

Opioid use was associated with an increased risk of multiple infection types across the three studies, demonstrat-
ing that the association cannot be fully explained by other opioid-related mechanisms which could contribute to
infection (i.e., opioid-induced respiratory depression and microaspiration leading to pneumonia) [18–20]. Further-
more, each study applied strategies to account for potential protopathic bias (i.e., the possibility that individuals
initiated opioid use to treat early symptoms of infection) and confounding by indication (i.e., individuals received
opioids for an indication that is a risk factor for infection itself ) [18–20]. In addition, in the study that examined the
association between opioid use and the risk of laboratory-confirmed invasive pneumococcal disease, an extensive
sensitivity analysis showed that residual confounding would be unlikely to explain the observed association [20].
The strength of the associations and the consistency of the findings in different populations and for different types
of infection suggest that there is a clinically relevant association between opioid analgesic use and the risk of serious
infections among humans, complementing the extensive evidence of opioid-induced immunosuppression from
experimental animal studies.

Future questions & research challenges
Although current evidence strongly suggests that opioid analgesic use is a risk factor for serious infections, additional
evidence is needed to understand the observed associations better and to inform prescribing practices for opioid
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analgesics. Although the risk of infection is highest in the immediate period after opioid initiation, additional
studies are needed to determine if the risk of infection associated with opioid use changes during periods of chronic
exposure. Future studies are also needed to examine the risk of serious infection associated with individual opioids
(immunosuppressive vs. non-immunosuppressive opioids and comparisons of individual opioids). Although opioid
analgesics are already approved for use, new randomized controlled trials would be useful to characterize their
full safety profile and to determine their appropriate role in pain management. Ideally, future experimental trials
would encompass both acute and chronic opioid use, compare opioid use with appropriate control medications
and be properly powered to study the risk of serious clinical outcomes, including infections. In the absence of
new randomized experiments, additional epidemiological studies will be important to fill these knowledge gaps.
Nevertheless, while additional evidence is generated, the existing evidence supports the judicious use of opioid
analgesics in general, as well as an informed selection of specific types and formulations when treatment with opioid
analgesics is warranted.

Conclusion
Opioid analgesic use is associated with an increased risk of serious infections and the risk varies by opioid type
and dose. Providers and patients should consider the existing evidence and use appropriate caution when making
prescribing decisions related to opioid analgesic use, especially for those already at high risk for serious infection.
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