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Case Report: Famotidine for Neuropsychiatric Symptoms in COVID-19
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Famotidine is of interest as a possible treatment for COVID-19, with effects on disease-related symptoms and survival reported in observational and retrospective studies, as well as in silico predictions of binding to potential SARS-CoV-2 drug targets. Published studies of famotidine for COVID-19 have focused on acute illness, and none have reported on neuropsychiatric symptoms. This case study reports on an 18-year-old man who sought psychiatric treatment for depression and anxiety, disruptive interpersonal conflicts, and impairments in attention and motivation following mildly symptomatic illness with COVID-19. The neuropsychiatric symptoms, which had been present for 16 weeks at the time of the initial evaluation represented a significant departure from the patient's previous behavioral baseline. The patient had no prior psychiatric history preceding his illness with COVID-19, and no history of any prior treatment with psychopharmacological medications. Famotidine 20 mg twice daily administered orally was begun without any additional medications. At 1-week follow-up the patient was much improved. Improvement was sustained through 12 weeks of follow-up during which the patient continued to take famotidine without apparent side effects. With progression of the COVID-19 pandemic it has become evident that persistent disease-related symptoms may follow acute COVID-19 and may include neuropsychiatric symptoms. Controlled clinical research on famotidine for COVID-19 should follow, as well as the development of valid and reliable research diagnostic criteria to define and operationalize the features of a putative COVID-19 neuropsychiatric residual.
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INTRODUCTION

Famotidine, a histamine H2 receptor antagonist with labeled indications for heartburn and gastric reflux, has been suggested as a possible treatment for COVID-19 on the basis of observational and retrospective study evidence. In Wuhan, China, in January of this year, retrospective analysis of data of hospitalized patients indicated increased survival in patients with COVID-19 who had been taking famotidine at the time of admission to the hospital. The difference in mortality rates, 14 vs. 27% favoring those who had taken famotidine, did not reach statistical significance (1). Nonetheless, a physician familiar with these data observed an apparent treatment effect within 24 h after his sister, ill with COVID-19, took famotidine.

A published case series reports on 10 outpatients who self-treated with famotidine following the onset of COVID-19 symptoms (2). All of the patients in the series reported marked improvement in disease-related symptoms, with significant improvement in a group mean symptom score evident within 1 day of starting famotidine. Two retrospective cohort studies of patients hospitalized for COVID-19 compared patients who had taken famotidine to those who had not (3, 4). Both studies found a significant reduction of the primary endpoints of death and endotracheal intubation among patients who had taken famotidine, presumably for its labeled indications, within 24 h of hospital admission (3) or within 7 days of COVID-19 screening and/or hospital admission (4). An additional physician-sponsored cohort study of famotidine combined with cetirizine in hospitalized patients found rates of mortality that were said to compare favorably to published inpatient fatality rates from other regions (5).

Published studies of famotidine for the treatment of COVID-19 to date have focused on acute illness, and all but the case series (2) involved inpatients. None of the above studies reported on neuropsychiatric symptoms. With progression of the pandemic, it is increasingly evident that disease-related symptoms, including neuropsychiatric symptoms, may persist after acute illness with COVID-19 (6, 7). This case report describes treatment with famotidine for persistent neuropsychiatric symptoms following acute illness with COVID-19.



CASE DESCRIPTION

An 18-year-old man presented for psychiatric evaluation with complaints of “I've been anxious, irritated and sad most of the time…” and “…inability to get motivated/concentrate and retain information.” The patient was also seeking a second opinion after a psychotherapist had diagnosed him with Bipolar II Disorder (8).

The patient's presenting psychiatric symptoms were of relatively recent onset, an estimated 16 weeks before the initial evaluation, and represented a distinct change from the patient's previous behavioral baseline. In addition to depressed and anxious mood, he experienced disruptive behavioral episodes with increased emotional reactivity and somatic anxiety symptoms. He described these episodes as “…break down in tears/hyperventilation. I 'd blow up over something insignificant it would turn into a 5-hour argument.” These episodes occurred in the context of but were not confined to interpersonal interactions, “I also suffered them when thinking about career/future prospects.” Diagnostically, these events had features in common with panic attacks including prominent somatic anxiety with a paroxysmal onset, as well as features evident in bipolar mixed states, including heightened reactivity of mood and irritability. The patient's cognitive complaints included diminished motivation and sustained attention, as well as difficulty recalling memories from the previous days to weeks.

On initial evaluation, the patient scored 16 on the Beck Depression Inventory (BDI) (9) and 17 on the Beck Anxiety Inventory (BAI) (10). He denied any prior history of mood or anxiety symptoms or behavioral changes similar to those that had led him to seek treatment. He had never taken psychiatric medications apart from melatonin for sleep at dosages up to 10 mg per night starting 6 weeks prior to the initial psychiatric evaluation. His entire history of prior psychiatric treatment was limited to three visits with a psychotherapist over the month before the evaluation, which were not regarded to have been of benefit. The patient's family psychiatric history was limited to a paternal half-sibling who the patient viewed as possibly depressed but had never sought treatment. He denied any history suggestive of a substance use disorder and had no history or evidence of psychotic symptoms in the diagnostic interview.

Approximately 19 weeks prior to the initial psychiatric evaluation, in the third week of February 2020, the patient experienced the onset of fatigue and cough (see Table 1). The fatigue persisted for approximately a week and the cough persisted for 3 weeks. The patient did not monitor temperature for 12 days following the onset of the fatigue and cough, as he explained, “I suspected I just had seasonal allergies/ a cold. When more information about COVID began, including heightened temperature, that is when I began monitoring my temperature,” and at this point, he was afebrile. At about 16 weeks prior to the evaluation, the fatigue recurred, with the onset at that time of the behavioral changes that would eventually lead the patient to seek psychiatric evaluation.


Table 1. Timeline of clinical case history, time is referenced to the initiation of treatment with famotidine (week = 0).

[image: Table 1]

The week before the onset of cough and fatigue, the patient, who was attending college outside of New York State, went to an indoor conference in New York City that included approximately 100 attendees. He also visited his family at this time, including his father, a public transit worker in New York City with occupational exposure to the subway system. Both the patient and his father experienced the onset of cough and fatigue the week following their contact with one another, with the father experiencing relatively more severe symptoms. Nether the patient nor his father were tested for SARS-CoV-2 antigen, which was not systematically available in New York at that time. Five weeks prior to the initial psychiatric evaluation, the patient tested positive for SARS-CoV-2 antibody, following his father's positive antibody test result.

The working DSM-5 psychiatric diagnoses were Other Specified Mental Disorder and Mild Neurocognitive Disorder both due to COVID-19, according to a clinical hypothesis that the patient's presenting neuropsychiatric symptoms were related to prior illness with COVID-19 (8). “Other Specified Mental Disorder” indicates that the symptoms did not meet criteria for any specific major mood or anxiety disorder, for example, the patient's disruptive behavioral episodes having some features of both mood and anxiety disorders but not fully meeting the criteria for either. “Mild Neurocognitive Disorder” subsumes symptoms in the domain of executive functions.

The patient was begun on oral famotidine 20 mg twice daily as per the drug labeling. No psychopharmacological or other medications were prescribed, melatonin was discontinued, and no behavioral interventions or lifestyle changes were made. On follow-up a week later, the patient said he felt “much better” and noted substantial improvement regarding his symptoms of heightened emotional reactivity and diminished motivation and sustained attention. He estimated the time interval between starting famotidine and symptomatic improvement at 4 days and described his state on the fourth day as “clear-headed,” “…I woke up and got out of bed without feeling awful….” He reported no side effects. At 3-week follow-up, the patient's BDI and BAI scores were 1 and 2, respectively. A friend familiar with the patient's prior behavioral baseline described the patient's behavioral change following presumed COVID-19 illness and prior to treatment with famotidine as “…more irritable or quiet…exhausted.” At 4 weeks following the initiation of famotidine, the friend described, “… he seemed much more conversational as well as productive…very focused….” The patient continues to report he is doing well at the time of this writing, 12 weeks following the initiation of treatment with famotidine, which he continues to take at the initially prescribed dosage of 20 mg twice daily.



DISCUSSION

This case suggests a possible treatment effect of famotidine for persistent neuropsychiatric symptoms following acute illness with COVID-19. It appears generally consistent with observational and retrospective study evidence for an apparent treatment effect of famotidine on disease-related symptoms and survival in COVID-19 (2–5).

The interval of 16 weeks from the initial onset of neuropsychiatric symptoms following apparent illness with COVID-19 to the initiation of treatment with famotidine is a distinctive aspect of this case. Individuals with persistent symptoms following acute illness with COVID-19, the “long haulers,” are an increasing and arguably a presently relatively underserved population. A CDC study found that 35% of adult outpatients who were symptomatic at the time they tested positive for SARS-CoV-2 antigen had not returned to their usual state of health at 2–3 weeks following testing (7). Clinical investigation of famotidine for COVID-19 should include patients with disease-related symptoms at relatively extended time intervals following acute illness.

To date, the author has treated eight other patients in his general psychiatric practice with famotidine for persistent neuropsychiatric symptoms following acute illness with COVID-19. In contrast to the present case, these other patients were already receiving psychopharmacological treatment at the time of onset of COVID-19 and subsequent treatment with famotidine. Within the limits of uncertainty due to the intermingling of factors including psychiatric baseline, emotional responses to the pandemic, and variability in length of treatment with famotidine, most patients appear to have received some benefit. The most frequent domain of symptomatic improvement appears to be “brain fog,” a term applied to a set of symptomatic features suggestive of problems with executive functions, including sustained attention/working memory and motivation, as well as word-finding and short-term memory. Patients have utilized the term “clearer” in their description of a famotidine effect.

Other symptomatic features of a putative COVID-19 neuropsychiatric residual relate to mood, anxiety, and emotional reactivity. Some patients with a prior history of depression describe mood changes following COVID-19 as distinct in quality from their previous depression. The term “despair” has been used, apparently connoting qualities of intensity and hopelessness, which may be of significance regarding suicidal risk. Irritability and highly reactive mood may be evident as interpersonal conflict. The expression of mood and anxiety symptoms may be episodic and paroxysmal. Development of valid and reliable research diagnostic criteria for a putative syndrome of COVID-19 neuropsychiatric residual would provide a basis for defining patient groups for clinical trials and measures of illness severity.

Neuroinflammation plays an increasingly appreciated role in psychiatric disorders (11). SARS-CoV-2 is neuroinvasive and neuroinflammatory (12). Baseline inflammatory markers predicted subsequent anxiety and depression 30 days after discharge from the emergency room or hospital in a cohort study of patients with COVID-19 pneumonia presenting for emergency evaluation (6).

SARS-CoV-2 viral persistence may mediate disease-related symptoms following acute COVID-19 illness. Clinical trial data indicate a potential for persistence of SARs-CoV-2; 41.5% of the subjects in a study of lopinavir–ritonavir still had a viral load detectable by oropharyngeal swab at 28 days following randomization (13), with an additional interval of 13 days between symptom onset and randomization. Further, SARS-CoV-2 may persist in anatomical regions inaccessible to nasal–oropharyngeal swab, such as the gut. SARS-CoV-2 RNA was detectable in fecal samples from 51.8% of COVID-19 patients in a recent meta-analysis (14) and has been reported to persist up to 70 days after symptom onset in individual cases (15). SARS-CoV-2 RNA may continue to be detectable in fecal samples from patients with a negative nasal–oropharyngeal swab and is associated with a longer interval from symptom onset to viral clearance (14, 16–18). Angiotensin-converting enzyme 2, which acts as a host receptor protein to bind coronavirus spikes and enable subsequent viral-host cell membrane fusion and viral entry, is expressed relatively strongly by intestinal epithelial cells (19–22). Future research should investigate a possible association of fecal SARS-CoV-2 RNA with persistent COVID-19 disease-related symptoms.

The SARS-CoV-2 proteins most studied as potential drug targets are the SARS-CoV-2 chymotrypsin-like protease (3CLpro), also known as main protease (Mpro), and SARS-CoV-2 papain-like protease (PLpro). Both of these proteases are critical for viral replication, and PLpro additionally has effects on ubiquitination and interferon that may dysregulate host innate immunity. In silico methods, including virtual ligand screening of SARS-CoV-2 proteins against libraries of compounds, predict the binding of famotidine to Mpro (23), PLpro (24, 25), or both (26). These in silico predictions await laboratory target validation.

If famotidine is indeed effective for the treatment of COVID-19, it might be hypothesized to act as a virustatic protease inhibitor, possibly on the basis of an interaction with proteins involved in viral replication, such as but not limited to Mpro or PLpro. This may suggest a general analogy to virustatic protease inhibitors such as those used to treat HIV or hepatitis C (27). An alternative hypothesis suggests that the therapeutic effect of famotidine may be due to its action as an H2 antagonist against inflammatory effects mediated by H2-related signaling in the presence of a highly inflammatory pathogen (5).

The effect of famotidine appears rapid in its onset; in this present case, the patient reported significant improvement at 4 days. In the case series of 10 outpatients who self-treated acute COVID-19 illness with famotidine (2), group mean symptom scores separated significantly from pretreatment baseline by day 1 of treatment. These patients who self-treated with famotidine utilized dosages ranging from 60 to 240 mg daily for a median duration of 11 days. In the two studies that compared groups of hospitalized patients on the basis of famotidine use, the respective median values for the total cumulative dose received are 136 mg and 80 mg, and 5.8 and 4 days for duration of treatment (3, 4). Treatment in this present case is ongoing at 12 weeks. The risk–benefit calculus would appear to favor caution in lowering and discontinuing famotidine. Factors that favor continuing famotidine are its safety and the possibility that if the drug is indeed effective, it could be providing extended suppressive therapy in a setting of months of previous symptomatic illness. Discussion with the patient regarding when to initiate a gradual taper of famotidine is ongoing as of this writing.

A limitation of a single case report is its unknown reproducibility and the need for confirmation by controlled clinical investigation. Even if famotidine has indeed had a treatment effect in this case, its generalizability may be limited in view of the patient's relatively young age, which may have been a factor in his apparently favorable response and may not be representative of older people with COVID-19. The patient's use of melatonin might be considered a possible confound in view of the suggestion that its antioxidant actions might have beneficial effects on pulmonary inflammation (28). However, the patient commenced and stopped the use of melatonin without a change in clinical status, in contrast to the close temporal correspondence of treatment with famotidine and clinical improvement.

The premise that the patient's behavioral symptoms are etiologically related to COVID-19 requires their occurrence to have been subsequent to, and not prior to COVID-19. Testing for SARS-CoV-2 antigen was not obtained in this case. However, in New York City in late February of 2020, a diagnosis of COVID-19 would have been clinically likely for two individuals with new onset fatigue and cough a week following their contact with one another, both of whom subsequently tested positive for SAR-CoV-2 antibody. The patient's presenting neuropsychiatric symptoms began ~3 weeks following the apparent onset of COVID-19 (see Table 1).

The possibility of a placebo effect potentially confounds the attribution of clinical improvement to famotidine. Attribution of the apparent clinical response to a placebo effect in this case would imply suggestion as the basis for the presenting neuropsychiatric symptoms, and weigh against mediation by biological effects of SARS-CoV-2 viral infection. There does not appear to be a compelling psychological explanation for the appearance of neuropsychiatric symptoms that departed markedly from the patient's prior behavioral baseline. Nonetheless, the possibility of a placebo effect is structural to any individual psychiatric case report due to reliance on behavioral features and lack of biological markers in present psychiatric diagnosis.

It is possible that this case report and other observational and retrospective evidence for an effect of famotidine on disease-related symptoms in COVID-19 might represent a collective type 1 statistical error, a false positive. The cost of this type of error would be the expense of a controlled clinical research effort that fails to confirm the hypothesized treatment effect. However, such a clinical research effort may be justified. A type 2 error, a false negative, is potentially more costly. Famotidine is inexpensive, and relatively safe. If it is indeed effective as an antiviral against SARS-CoV-2, famotidine may provide a novel mechanism of action for potential polytherapy synergies or offsetting antiviral resistance, as well as a scaffold for drug design involving rational pharmaceutical synthesis of structural analogs informed by structure activity relationships.



CONCLUSION

This case report is generally consistent with observational and retrospective evidence for an apparent effect of famotidine on disease-related symptoms and survival in COVID-19 (2–5). It should be followed by controlled clinical investigation. There is a need to develop treatment approaches for residual disease-related symptoms, including neuropsychiatric symptoms weeks to months following acute illness with COVID-19. Clinical research on famotidine for COVID-19 should include assessment of neuropsychiatric symptoms and more extended intervals of follow-up. This work would be optimally enabled by the development of valid and reliable research diagnostic criteria to define and operationalize the features of a putative syndrome of COVID-19 neuropsychiatric residual.
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