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Abstract
The coronavirus disease-2019 (COVID-19) pandemic had overwhelmed the healthcare system and forced many patients to be treated at home 
with oxygen, antibiotics, and steroids, particularly during the second wave. There was increased misuse of antimicrobials in hospitals as well as 
unguarded self-prescription of these medications among the common people. We are likely to see an increase in the incidence of antimicrobial 
resistance (AMR), change in the susceptibility pattern of the organisms causing community-acquired infections, and an increase in opportunistic 
bacterial, tubercular, viral, and fungal infections.
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The coronavirus disease-2019 (COVID-19) pandemic overwhelmed 
the healthcare system all over the world and so far affected more 
than 300 million people and witnessed nearly 4.0 lakh deaths in 
India.1 Reduced availability of hospital beds, particularly during 
the second wave, forced many patients to be treated at home with 
oxygen, antibiotics, and steroids. In a country with a population of 
over 136 crores, and the existing low doctor-patient ratio, added on 
by the fear of the pandemic fueled and flared by the social media 
with prescriptions containing antivirals, antibiotics, and steroids 
circulating in various public platforms like Facebook and YouTube, 
we witnessed an unguarded self-prescription of these medications 
among the common people. 

This can have various lasting consequences, including 
antimicrobial resistance (AMR), varying susceptibility pattern, and 
an increase in opportunistic infection. AMR is a major threat to 
public health and is estimated to cause 10 million deaths annually 
by 2050. India carries one of the largest burdens of drug-resistant 
pathogens worldwide.2 Annually, more than 50,000 newborns are 
estimated to die from sepsis due to pathogens resistant to first-line 
antibiotics.3 Van Boeckel et al. reported that India was the largest 
consumer of antibiotics with 12.9 × 10⁹ units (10.7 units per person) 
sold in the year 2010.4 The current COVID-19 pandemic may have 
worsened the issue of growing antibiotic resistance.5 

In hospitalized COVID-19 patients, it is often difficult to 
differentiate viral inflammatory flare from secondary bacterial 
infection, which can eventually lead to increased use of empirical 
broad-spectrum antibiotics. Studies have shown that as many 
as 70–90% patients of COVID-19 received antibiotics,5,6 whereas 
the incidence of coinfections was 7.2% and hospital-acquired 
infections 4.2% only.7 Vijay et al. reported that in their retrospective 
study on secondary infections among the hospitalized COVID-19 
patients in ten different hospitals of the Indian Council of Medical 
Research, antimicrobial resistance surveillance network showed 
only 3.6% of COVID-19 patients developed secondary bacterial or 
fungal infections. However, mortality among those with secondary 
infections was 56.7% against an overall mortality of 10.6%.8 
This could have contributed to the augmented use (misuse) of 
antibiotics. 

Although increased antibiotic use in COVID-19 has been high 
all over the world, it may have been of much greater magnitude 
in India. The novelty of the disease and lack of clear guidelines 
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on the management have led to the increased use of antibiotics 
like doxycycline and azithromycin even in mild COVID-19 patients 
treated at home in our country. The Infectious Disease Society of 
America recommends macrolides for the treatment of community-
acquired pneumonia with and without comorbidities. However, 
it got popular in the COVID-19, considering its antiviral property 
due to its ability to decrease the viral entry into the cell and the 
immunomodulatory property.9 With the additional antibacterial 
properties to combat the coinfections, azithromycin was being 
prescribed to many COVID-19 patients with and without hospital 
admission. However, the results of COALITION-II trial have shown 
that the addition of azithromycin to the existing standard of 
care does not appear to improve the outcome.10 Doxycycline 
is usually prescribed as a part of empiric treatment for atypical 
bacterial pneumonia or community-acquired pneumonia as per 
evidence-based clinical practice guidelines.11 Doxycycline was also 
being prescribed even in most mild COVID-19 cases all over India. 
Considering the widespread use of antibiotics, we anticipate a rise 
in the drug-resistant pathogenic organisms. In addition, antibiotics 
also cause disruption of the human microbiome, which eventually 
leads to dysfunctions in nutrient supply, vitamin production, 
and protection from pathogenic organism ultimately increasing 
susceptibility to infections.12 The pathogens causing community-
acquired infections in the future may potentially be more 
resistant to the antibiotics used in pre-COVID times. The genomic 
revolution has enabled thousands of strain-specific, whole-genome 
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sequencing, and this data informatics can be used to study the 
spread and acquisition of AMR. The whole-genome sequencing 
can be used to predict the minimum inhibitory concentrations 
of various antibiotics,13 and the routine use of macrolides and 
doxycycline as in pre-COVID era may need to be reconsidered for 
community-acquired infections.

The imprudent use of steroids and immunomodulatory drugs 
like tocilizumab could lead to the reactivation of latent bacterial and 
viral infections. Immunosuppression by steroids added on by broad-
spectrum antibiotics leads to exhaustion of the friendly commensals 
making the body an excellent ground for the opportunistic infections, 
which is already witnessed by the unforeseen spurt of mucormycosis 
cases in the COVID-19 second wave. Mucormycosis infection of the 
sinuses is a form of life-threatening invasive fungal sinusitis that 
typically affects immunocompromised individuals with an impaired 
neutrophilic response. Possible reasons explained for the increase in 
these cases were immunosuppression caused by COVID-19, extensive 
use of steroids, and broad-spectrum antibiotics.14 

It is a known fact that steroids cause qualitative and quantitative 
defects in the immune system, resulting in an increased risk of 
tuberculosis because of reactivation of the latent infection, relapse, 
or acquiring new infection.15 With most of the national resources 
diverted to COVID-19 management, there has been a consequential 
hit on the delivery of various tuberculosis prevention, surveillance, 
and treatment programs. Lockdown and public health guidelines 
have resulted in burdening of the traditional management of 
tuberculosis.16 Though India had aimed to end tuberculosis by 2025, 
the present COVID-19 crisis with its direct and indirect impact on 
tuberculosis can make that difficult,17 and we can even foresee a rise 
in the tuberculosis cases in India following the COVID-19 second wave.

Reactivation of viral infections post-immunosuppression is 
another concern. Hepatitis B is a major global healthcare challenge 
with a wide number of the world population with current or past 
infection, and immunosuppression is considered a major factor 
for reactivation. Reactivation of hepatitis B is more common in 
individuals who are HBsAg positive, as opposed to HBsAg negative, 
and is defined as an increase in viral load of at least 100-fold. This 
can manifest with transaminitis and in some cases may lead to acute 
liver failure18 and should be considered in the differential diagnosis 
of patients presenting with acute liver failure during/following the 
pandemic. Cytomegalovirus (CMV) is another well-known pathogen 
in immunosuppression and can cause reactivation disease in 
critically ill or post-COVID-19 patients.19 CMV manifestations in 
COVID-19 patients have already been reported in national media 
from a leading tertiary care hospital of Delhi.20 Other viruses 
capable of such opportunistic infection include herpes simplex 
virus, varicella-zoster virus, Epstein–Barr virus, human herpes virus 
type 6, JC virus, enterovirus, and measles virus.21 A high index of 
suspicion for viral reactivation disease should be maintained in 
post-COVID-19 patients following the second wave of COVID-19.

To conclude, following the COVID-19 second wave, we are likely 
to see an increase in the incidence of antibiotic resistance, change 
in the susceptibility pattern of the organisms causing community-
acquired infections, and an increase in opportunistic bacterial, 
tubercular, viral, and fungal infections.
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