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Which impact for proton pump inhibitors in SARS-CoV-2 pneumonia
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Abstract

Identification of risk factors for severe outcome of SARS-CoV-
2 infection is an important issue in COVID-19 management. Much
attention has been focused on comorbidities as well as drugs taken
by patients. Usage of proton pump inhibitors (PPIs) appears to
potentially influence disease course. These drugs are known to
reduce stomach acid and also modulate the immune system. Their
use, prior to and during COVID-19 infection, seems to predispose
to the development of more severe pneumonia and therefore to a
greater risk of mortality. Instead, the use of Histamine receptor 2
antagonists (H2RAs) seems to be associated with a better outcome
in patients with COVID-19, in terms of symptoms, risk of
intubation and death. As PPIs are essential for treatment of many
disorders, usage of these drugs should be balanced considering the
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benefits and risk ratio, in order to guarantee their correct use for
the necessary time. It remains to be clarified whether the
detrimental effects, in terms of COVID-19 severe outcome, are
due to PPIs or to the underlying disease for which they
are administered. New controlled-randomized trials are required
to better understand their impact in SARS-CoV-2 infections.

Introduction

Severe acute respiratory syndrome coronavirus 2 was declared
a pandemic in March 2020. The virus causes coronavirus disease
2019 (COVID-19) which can range from asymptomatic or mild
infection to multiorgan dysfunction (MOD), acute respiratory
distress syndrome (ARDS), and death [1,2]. Symptomatically, the
virus can cause cough, fever, myalgia, dyspnea, altered smell or
taste, pharyngodynia, diarrhoea, vomiting and nausea [3-5].
Identification of the risk factors that could influence the course of
this disease is important regarding decisions involving public health
recommendations and clinical interventions. There are several
confirmed risk factors of COVID-19, including old age [6], chronic
pulmonary disease and smoking, cardiovascular disease, chronic
kidney disease, diabetes mellitus and obesity, malignancy [7,8].
There is a growing interest in how exposure to certain medicines
affects the risk of SARS-CoV-2 infection [9]. Several medications
including anticoagulant and metformin are associated with a
reduction in poor outcomes from COVID-19, while other
medications do not appear to alter outcomes of COVID-19
infections such as ACE inhibitors, angiotensin II receptor blockers
(ARB) and statins [10-12].

Proton pump inhibitors are among the top ten most widely used
drugs in the world; their use may increase the risk of pneumonia
[13] and have been linked to side effects including bone fracture,
chronic kidney disease, and gastrointestinal (GI) infections, among
others [14]. PPIs are among the most used drugs by general
population for their efficacy to improve symptoms like dyspepsia
and GERD symptoms as well as for their relatively low cost [15].
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In clinical practice PPI’s use is not uncommon in patients receiving
corticosteroids. Based on the hypothesis that use of PPIs in COVID
19 may affect clinical outcomes, this review explores the actual
knowledge on the mechanisms implicated in the balance between
risks and benefits associated with proton pump inhibitors usage in
COVID patients leading to severe outcomes.

Methods

Using online databases, we carried out a systematic literature
review of the clinical outcomes of COVID-19 associated with the
use of proton pump inhibitors (PPI) and/or histamine 2 receptor
antagonists (H2RA), particularly famotidine. Key articles were
retrieved mainly from PubMed, Google Scholar and Embase using
the terms “acid suppressive therapy”, “antiacid”, “proton pump
inhibitors”, “pantoprazole”, “histamine receptor 2 antagonists”,
“H2RAs”, “famotidine” and “COVID 19” or “SARS-CoV-2” as
keywords for our search. We included scientific publications from
April 2020 to November 2020. Only publications focusing on
clinical outcomes of COVID-19 and treatments with PPIs or
H2RAs, such as Famotidine, were eligible for inclusion.

Luxenburger ef al.’s work is the first to provide data in support
of our hypothesis, as patients with COVID-19 treated regularly with
PPIs before hospitalization were found to have a significantly higher
mortality index [16].

Meta-analysis by Hariyanto ef al., which included 6 studies [16-
18] with a total of 5884 COVID-19 patients, showed PPI usage is
significantly associated with an increased risk of severity (RR 1.35,
95%CI, 1.11-1.63; p=0.003) and mortality (RR 1.72, 95% CI, 1.02-
2.89, p=0.04) for COVID-19 infection.

A nationwide cohort study on severe clinical outcomes of
COVID-19 associated with proton pump inhibitors by Lee et al.
[18] concluded that current use of PPIs was related to increased risk
of requirement of oxygen therapy, intensive care unit admission,
administration of invasive ventilation or death in patients with
COVID-19 infection (aOR 1.63; 95%CI, 1.03 to 2.53) while the
relationship with past PPI use was non-significant (aOR 0.98;
95%CI, 0.39 to 2.47). The current use of PPIs was also related to
increased risk for severe outcomes of COVID-19 (aOR 1.79;
95%CI, 1.30 to 3.10), while the relationship with past PPI use was
insignificant (aOR 1.18; 95%CI, 0.27 to 5.13).

Risks and benefits associated with proton pump
inhibitors usage

Based on analysis of available data, the use of proton pump
inhibitors (PPIs) seems to be associated with increased risk of
severity and mortality from COVID-19.

Several pathogenic mechanics have been proposed to explain
this association between PPI use and increased risk of adverse
outcomes of COVID-19. PPIs are drugs used in the treatment of
gastric acid-related diseases that suppress acid secretion in the
gastric lumen [19] through inhibition of H+/K+ ATPase. One of the
main functions of gastric secretions is to inactivate swallowed
microorganisms, thereby inhibiting infectious agents from reaching
the intestine; gastric secretions are thus the first line of defense
against pathogens. PPI-induced hypochlorhydria impairs the body’s
proximal defense against ingested bacteria and viruses [14],
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resulting in insufficient eradication of these pathogens with
alteration of various immune-modulatory and anti-inflammatory
effects [20].

Prolonged use of PPIs reduces microbial diversity in the gut
[21], an effect believed to enable colonization of some enteric
pathogens [22]. The profound hypochlorhydric condition can cause
an increase in gastric microbiota and small intestinal bacterial
overgrowth. The resulting dysbiosis may increase the likelihood of
developing enteric infections and sepsis which could complicate the
disease.

Although the impact of acid suppression on severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is unknown
thus far, previous data has revealed that pH <3 - the normal pH of
a healthy stomach - impairs the infectivity of the similar severe
acute respiratory syndrome coronavirus 1, whereas less acidic pH
in the range achieved with PPI therapy does not inactivate the virus
[23]. Suppression of gastric acid may increase the survival of
SARS-CoV-2 in the stomach and increase the ability of the virus to
invade the GI epithelial cells.

SARS-CoV-2 can enter the body not only through the
respiratory system but also through the GI system [24,25]. SARS-
Cov-2 uses the angiotensin-converting enzyme-2 receptor (ACE2)
to gain entry into human cells. Small intestine, kidney, testis, heart
muscle, colon, and thyroid gland are the overlapping tissues with
the highest level of ACE2 expression, with no expression detected
in blood cells [26]. These data explain why people affected by
COVID-19 experience gastrointestinal problems and kidney
dysfunction [26-28]. ACE2 is widely expressed throughout the
intestinal tract [29], enabling rapid invasion and replication within
enterocytes [27]. The fecal-oral route has been proposed as one of
the potential modes of transmission for COVID-19. Regarding
SARS-CoV-2, Xiao et al. provided evidence for gastrointestinal
infection and demonstrated that SARS-CoV-2 infects
gastrointestinal glandular epithelial cells [25]. Viral RNA was found
in rectal swabs, even after nasopharyngeal testing has turned
negative, implying a fecal—oral transmission [25], and it is of note
that patients with coronavirus disease 2019 (COVID-19) who
experience gastrointestinal symptoms are more likely to have severe
pneumonia [30].

Once SARS-CoV-2 colonizes the GI tract, it can lead to
gastritis, enteritis, and colitis [25,31]. The higher expression of ACE
2 in the GI tract allows higher viral entry to cells [32] resulting in
higher viral loads, possibly causing more severe disease due to
cytokine storm. Even in respiratory tract disease, individuals with
more virus colonization in the stomach due to increased gastric
alkalinity caused by PPI administration may be more susceptible to
severe courses of COVID-19. Other investigators posit that SARS-
CoV-2’s disruption of the epithelial layer can lead to release of
endotoxins and microbial metabolites that subsequently trigger
inflammation and cytokine release in distant organs, such as the
lungs [24,33]. Inflammatory mediators can elevate platelet count,
down-regulate natural anticoagulant mechanisms, facilitate
propagation of the coagulant response and impair fibrinolysis [34].

Interestingly, patients with immune-mediated disorders (i.e.,
rheumatoid arthritis, psoriasis, ankylosing spondylitis and IBDs)
who are treated with anticytokine therapy do not appear to be
vulnerable to several adverse clinical outcomes of COVID-19 [35].
Anticytokine therapy may have a protective effect against the
cytokine storm. In this respect, PPI usage may lead to worse
outcomes of COVID-19 resulting from a more intense cytokine
storm. In addition, because the gut is the largest immune organ in
the body and can host colonies of rapidly replicating SARS-CoV-2
[27], there is concern that the virus could spread beyond the GI tract
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not only causing digestive symptoms but also by seeding infection
or promoting inflammation in other organ systems, including the
respiratory tract via a “gut-lung axis” [24,33].

Previous research with the Middle East Respiratory Syndrome
coronavirus found that pretreating mice with pantoprazole, a PPI,
showed “exaggerated” evidence of not only enteric infection but
also revealed epithelial degeneration in the small bowel. Notably,
the virus was subsequently found to emerge in lung tissue. The
authors note that the spread of virus from intestine to lungs indicates
“development of sequential respiratory infection” after inoculating
the stomach - not the lungs - with a coronavirus that uses the
angiotensin-converting enzyme-2 receptor to gain gut entry into the
body [36].

Proton pump inhibitors and SARS-CoV-2
respiratory involvement

The use of acid-suppressive drugs has been associated with an
increased risk of pneumonia. A large number of investigations have
focused on the biological plausibility of these observations [37].
First, acid-suppressive drugs may increase the risk of pneumonia
by inhibiting the secretion of gastric acid allowing bacterial
overgrowth and colonization in the upper alimentary tract and
subsequent translocation to the lungs by aspiration [37,38]. Second,
hydrogen potassium adenosine triphosphatase is present not only in
the parietal cells of the stomach, but also in the upper and lower
respiratory tract [39]; it is conceivable that inhibiting the proton
pump, pH of the secretions and respiratory flora may be altered,
leading to increased risk of pneumonia [40]. Third, in vitro studies
have shown that acid-suppressive drugs may impair the function of
neutrophils and the activity of natural killer cells [41,42].
Interestingly, the most striking increase in the risk of pneumonia in
association with proton pump inhibitors was observed in the first
weeks of use. During the first months, when aero-digestive
microbiome may be in greatest flux, the risk of pneumonia in
association with use of proton pump inhibitors is higher; between
30 and 180 days the risk is attenuated, although still significant [37].
By contrast a systematic review and meta-analysis has shown no
increase of community acquired pneumonia (CAP) risk in patients
receiving H2RAs, probably due to the weaker acid suppressant
activity than PPIs [43]. The first observation in patients with
COVID-19 has been made by Luxemburger et al.; the authors
suggest that regular PPI therapy before hospital admission is a risk
factor for development of secondary infections and is associated
with significant higher mortality index [16,44]. Observations from
Corsonello et al. show that PPI treatment may facilitate bacteria
growth; in this context, when micro aspiration occurs secondary
infections increase the risk of acute respiratory distress syndrome
and mortality rate from COVID-19 [45,46].

PPIs and immune system

PPIs can also modulate the immune response by inhibiting
neutrophil function. Neutrophils play a significant role in the
immune innate system which is the primary defense of the body to
fight infection. Inhibition of neutrophil function may impair the
ability of the body to eradicate infections and may increase the
severity of infections, including COVID-19 infection [47].
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PPIs can inhibit the enzymatic activity of dimethylarginine
dimethylaminohydrolase (DDAH) which will inhibit the nitric oxide
synthase with the promotion of inflammation and thrombosis,
resulting in the development of cardiovascular disease. These
adverse events from PPIs can also contribute to the development of
severe outcomes and mortality from COVID-19 infection [48,49].

As already mentioned, a key deleterious effect of a SARS-CoV-
2 infection is the immune hyperreaction and cytokine storm [50].
This acute hyper inflammatory response is paramount to the severity
of the SARS-CoV-2 infection. Taghizadeh-Hesary and Akbari [51]
elegantly explain how SARS-COV-2 may cause a depletion of
cellular ATP and a dysfunction of immune cells, and they propose
arepletion of cellular ATP to improve the efficiency of the immune
system. In line with this, Kouhpayeh et al. [52] propose that SARS-
CoV-2 activates PARP-2 (poly [ADP-ribose] polymerase 2), which
induces a depletion of NAD* and consequently also drains cellular
ATP. Scrutiny of this hypothesis reveals that a critical part of the
process may have been overlooked. For the synthesis and
regeneration of ATP, phosphate and magnesium are required.
Interestingly, most risk factors for a severe course of COVID-19 are
associated with a deficiency of phosphate and/or magnesium. For
instance, type 2 diabetic medications [53,54] and diuretics [55]
routinely prescribed for hypertension and obesity diminish
magnesium and phosphate. The usage of proton-pump inhibitors
has also been linked to a worse outcome in COVID-19 patients;
such proton-pump inhibitors are known to diminish intestinal
magnesium absorption [18].

The role of comorbidities in SARS-CoV-2 infection

A possible bias is that the risk of severity and mortality from
COVID-19 is increased among persons taking PPIs due to the nature
of their disease state, unrelated to the PPI therapy. GERD, a
common indication for PPI therapy, may increase directly micro
aspiration of gut flora. Laryngopharyngeal reflux disease may be
higher than the general population [56] and was commonly
prevalent in hospitalized patients with COVID-19 and
independently associated with risk of severe or critical infection.
Furthermore, individuals with certain comorbidities that increase
the risk for severe COVID-19 (e.g., cardiovascular disease, chronic
obstructive pulmonary disease, and chronic kidney disease) may
also be more likely to take PPIs. However, it is unclear whether
these risk factors apply to acquiring COVID-19 in contrast to
developing severe COVID-19.

Histamine receptor 2 antagonist and COVID-19

Histamine receptor 2 antagonists (H2RAs) have also been
used for suppression of gastric acid production but cause less
hypochloridria than PPIs and do not interact with other
medications. Famotidine is a selective blocker of the histamine
H2 receptor. A retrospective cohort study of 1620 hospitalized
patients with COVID-19 demonstrated that patients receiving
famotidine had statistically significant reductions in both in-
hospital death and combined death and intubation [57]. In contrast
proton pump inhibitor’s use was not associated with reduced risk
for these outcomes. More recently, a small case series of not
hospitalized patients with COVID-19 treated with high-dose oral
famotidine documented a marked improvement in symptoms in
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all cases shortly after starting the drug [58]. The mechanism by
which famotidine might improve COVID-19 outcomes is currently
unknown. One theory, based on earlier reports on the efficacy of
famotidine in inhibiting human immunodeficiency virus
replication [59], is that famotidine may directly inhibit the SARS-
CoV-2 virus. Recent studies have however failed to demonstrate
any direct inhibitory effect of famotidine on SARS-CoV-2
infection [60]. A second theory identified famotidine as a potential
agent capable of binding and inhibiting key SARS-CoV-2
proteases critical to viral replication [61,62], has likewise been
discounted [60]. A more recent mechanism that has been
postulated is that famotidine’s effect is achieved via its antagonism
or inverse agonism of the histamine-2 receptor, inferring that the
SARS-CoV-2 infection that results in COVID-19 is at least
partially mediated by pathological histamine release and perhaps
dysfunctional mast cell activation [60,63]. Preventing the
deleterious sequelae of this histamine release has been suggested
as being fundamental to preventing the cytokine storm that may
cause acute respiratory distress syndrome, leading to hypoxia,
sepsis, organ failure, and ultimately death in the patient with
COVID-19 [63]. Lower levels of ferritin, CRP, and procalcitonin
in famotidine-treated patients in this study are compatible with the
hypothesis that the drug may limit the abnormal excessive
cytokine release from an uncontrolled immune activation. Wu et
al. [62] used computational methods to predict structures of
proteins encoded by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) genome and identified famotidine
as one of the drugs most likely to inhibit the 3-chymotrypsin-like
protease (3CL pro), which processes proteins essential for viral
replication [61]. In addition, it is notable that certain unusual
clinical aspects of COVID-19 could be explained by excessive
histamine release and stimulation of the histamine-2 receptor.
First, along with early typical nonspecific viral symptoms of fever,
sore throat, cough, headache, diarrhea, and myalgia, some patients
with COVID-19 may experience anosmia, ageusia, and skin rashes
including pruritis and urticarial symptoms [64,65]. All of these
symptoms could be explained by histamine signalling. Mast cells
located in the submucosa of the respiratory tract and in the nasal
cavity represent a barrier of protection against microorganisms
[66]. They play a role in inflammation development via release of
multiple proinflammatory cytokines and chemokines [67].
Mast cells are known to be triggered by viruses [68], and it has
been documented that they have the angiotensin-converting
enzyme 2 receptor used by SARS-CoV-2 to gain entry to cells and
replicate [69].

Discussion

Treatment with PPIs may be related to severe COVID-19
outcome, including increased mortality risk. Regular treatment with
PPIs before hospitalization for COVID-19 has been associated with
the risk of secondary infections and acute respiratory distress
syndrome [18]. The highest risk is seen among individuals taking
PPIs twice daily. The mechanisms by which this occurs are not fully
understood.

PPI-induced hypochlorhydria with subsequent bacteria
overgrowth in the upper gastrointestinal tract and microaspiration
of gastric contents is known to be implied in PPI-associated
pneumonia. Increased gastric alkalinity may also increase viral load
in GI tract. In particular, coronaviruses were demonstrated to
survive in individuals with more basic gastric pH levels, including
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those in the range created by the use of drugs like omeprazole and
esomeprazole [70].

Another possible mechanism linking the PPI use with a major
severity of the SARS-CoV-2 infection could be traced in the
evidence that PPIs may lead to reduction of endothelial nitrous
oxide levels through inhibition of dimethylarginine
dimethylaminohydrolase enzymatic activity, which is responsible
for clearance of asymmetric dimethylarginine, thereby decreasing
nitrous oxide synthase activity [71]. This could be particularly
relevant in consideration of the SARS-CoV-2’s marked vascular
tropism as widely demonstrated in the scientific literature [72].

For these reasons, even if PPIs are essential for the treatment of
many disorders, their usage should be balanced considering the
benefit to risk ratio.

In COVID-19 patients, we precautionary recommend to use the
lowest possible dose of PPI for the control of the underlying
condition even if this still is a matter of debate and controlled-
randomized trials in SARS-COV-2 infections are required.

Interestingly, famotidine, a histamine-2 receptor (H2RA), has
been associated with favorable clinical outcome in hospitalized
patients with COVID-19, including lower in-hospital mortality, a
lower composite of death and/or intubation, and lower levels of
serum markers for serious disease [57,73].

Understanding the mechanisms by which host respiratory
environment is more susceptible to SARS-COV-2 severe infection
may better guide our approach to COVID-19 patients.
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