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BACKGROUND

Nitrofurantoin is an antibiotic used for treatment of  acute 
cystitis and for long-term prophylaxis in patients at risk for 

recurrent urinary tract infections (UTIs). It is a known cause of  
idiosyncratic drug-induced liver injury (IDILI), a rare adverse drug 
event that occurs independent of  drug dose, route, or duration 
of  administration in susceptible individuals.1 IDILI from nitrofu-
rantoin has a wide spectrum of  presentation from mild elevations 
in aminotransferase levels to fulminant liver failure.2 The primary 
treatment is to discontinue the causative agent. Hepatotoxicity 
usually presents after a prolonged exposure to the drug and less 
frequently presents acutely.  In this case report, we look at the 
clinical presentation of  hepatotoxicity from only three doses of  
nitrofurantoin in a patient with no prior history of  liver damage 
or disease. 

CASE PRESENTATION 

A 56-year-old Caucasian female presented to the emergency de-
partment with two days of  flu-like symptoms. She complained of  
worsening chills, subjective fever, myalgia, malaise, cough, and nau-
sea. The symptoms began several hours after taking a first-time 

dose of  nitrofurantoin 100 mg PO BID, which was prescribed by 
her primary care provider for 7-days due to urinary frequency, ur-
gency, and dysuria for several weeks. She had completed a total of  
three doses of  nitrofurantoin prior to arrival to the hospital. 

 The patient had a medical history of  hypertension, type 
2 diabetes, transient ischemic attack, hyperlipidemia, gastroesopha-
geal reflux disease, irritable bowel syndrome, generalized anxiety 
disorder, depression, lumbago, and convulsions. Surgical history 
is significant for inguinal hernia repair, tubal ligation, spinal fu-
sion and multiple orthopedic procedures of  the ankle, right rotator 
cuff, and right elbow. There was no family history of  liver disease. 
The patient had no smoking history and no alcohol use. Medi-
cations included lisinopril-hydrochlorothiazide, metformin, ator-
vastatin, clopidogrel, aspirin, esomeprazole, sertraline, buspirone, 
ondansetron, meclizine, and lamotrigine. On review of  systems, 
the patient endorsed the aforementioned flu-like symptoms in ad-
dition to dysuria and some hematuria noted on admission. She de-
nied headache, neck stiffness, congestion, sore throat, chest pain, 
vomiting and diarrhea.

 Vital signs on initial evaluation demonstrated tempera-
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ture of  97.5 °F, heart rate of  73 beats per minute, respiratory rate 
of  16 breaths per minute, blood pressure of  103/62, body mass 
index (BMI) 23.89 kg/m2. The patient appeared sickly but was 
non-toxic in appearance and in no acute distress. She was oriented 
to person, place, and time. Sclera was anicteric and conjunctiva 
non-injected. She had no cervical lymphadenopathy or neck stiff-
ness. Lungs were clear to auscultation. Cardiovascular rhythm was 
normal. Abdomen was soft, non-distended, and non-tender; there 
was no hepatosplenomegaly. No skin discoloration or rashes were 
noted. There was no obvious extremity deformity or swelling.

Investigations

Laboratory testing included influenza antigens A and B, strep 
screen and culture, complete blood count with differential, com-
plete metabolic panel, amylase, lipase, urinalysis, urine culture, 
magnesium level, and thyroid hormone levels.

 The initial results of  these studies including Chest X-ray 
were normal with the exception of  the urinalysis, which was posi-
tive for nitrite, leucocyte esterase and blood, indicative of  UTI, and 
comprehensive metabolic panel, which demonstrated mild hypo-
natremia with serum Na 132 mmol/L (Normal 136-145 mmol/L), 
elevated liver enzymes: alanine aminotransferase (ALT) 1057 U/L 
(Normal 5-55 U/L), aspartate aminotransferase (AST) 1592 U/L 
(Normal 5-34 U/L), and alkaline phosphatase (ALP) 174 U/L (40-
150 U/L). Total bilirubin was normal at 0.9 mg/dL. These were el-
evated from previous values approximately 16-months prior: ALT 
35 U/L, AST 26 U/L, ALP 93 U/L, and bilirubin 0.4 mg/dL. In 
addition, ultrasound of  the liver was performed and normal. It was 
felt that the urinary tract infection by itself  could cause hepatitis in 
the absence of  severe sepsis.

Differential Diagnosis

The new finding of  elevated serum aminotransferases prompted 
further evaluation. Infectious, autoimmune, and iatrogenic etiolo-
gies were investigated. Hepatitis screen and urine drug screen were 
both negative. Autoimmune panel was negative for antinuclear 
antibodies, anti-smooth muscle antibodies, and anti-mitochondrial 
antibodies. Ceruloplasmin was within normal limits. There were 
no elevations in lipid panel. Coagulation panel was not performed. 
Computed tomography of  the abdomen and pelvis with contrast 
showed no obvious pathology. Chest X-ray was negative. 

 At this point, iatrogenic etiology of  hepatic injury was 
high on the differential. Nitrofurantoin, lamotrigine, and atorvas-
tatin were outpatient medications that had well-known potential 
for hepatotoxicity. For at least nine months prior to our evalua-
tion, the patient was on a regimen of  alternating lamotrigine 25 
mg 1 tablet daily for 1-week then 2 tablets daily for 3-weeks. Her 
records also indicate that she has taken atorvastatin 80 mg at bed-
time for the last 5-years. Per the patient’s history, a 7-day course of  
nitrofurantoin 100 mg PO BID was initiated just two-days prior 
to hospital admission with no prior history of  use. Considering 
these timelines in the context of  acute clinical presentation, our 
focus was placed on nitrofurantoin and its potential contribution 
to hepatotoxicity. 

Treatment 

Nitrofurantoin was discontinued on admission. Atorvastatin was 
placed on hold. The patient was given intravenous fluids for mild 
hyponatremia and the hyponatremia resolved. She was initiated on 
intravenous ceftriaxone 1 g for UTI without sepsis. Ibuprofen and 
Benzonatate were provided as needed for myalgias and cough.

Outcome and Follow-Up

She clinically improved. Her myalgias were much better. Her blood 
tests next day revealed reduced aminotransferase levels: ALT 573 
U/L and AST 357 U/L. ALP increased to 221 U/L. Total bilirubin 
was normal at 0.4 mg/dL. She was clinically stable for discharge. 
She was provided instructions to start Cefuroxime 500 mg PO 
BID for 7-days and to discontinue the atorvastatin in addition to 
nitrofurantoin.

 The patient saw her primary care provider nine days later. 
She had follow-up comprehensive metabolic panel while she con-
tinued to take the Atorvastatin and Metformin. Tests revealed that 
there was complete resolution on liver function tests: ALT 85 U/L, 
AST 29 U/L, ALP 153 U/L, and bilirubin 0.5 mg/dL. The  roussel 
uclaf  casualty assessment method (RUCAM) for drug-related liver 
injury score was 9 indicating highly probable case of  DILI.

DISCUSSION AND CONCLUSION

Approximately 44,000 individuals develop DILI in USA annually.3 
Up to 50% of  all causes of  acute liver failure in Western countries 
can be attributed to DILI.4,5 Mortality is higher in patients with 
chronic liver disease who develop DILI than those who do not 
have chronic liver disease, 16% vs. 5.2% respectively.6,7 Besides ge-
netics, female sex, older age and concomitant use of  other drugs 
have been implicated as possible risk factors in the development 
of  DILI. The mechanism of  DILI is idiosyncratic in majority of  
cases, which could be immune or non-immune mediated liver inju-
ry. In non-immune injury, metabolites of  drugs bind covalently to 
the structures inside the cell causing cell death. On the other hand, 
in immune-mediated idiosyncratic reactions there is an interaction 
of  drug, its metabolites and immune system of  the host that could 
lead to hepatocyte necrosis and/or apoptosis with release of  cyto-
kines causing cell damage or create immune-modulating effects.8,9

 IDILI is a diagnosis of  exclusion requiring thorough in-
vestigation of  medical history focused on time intervals between 
each suspected xenobiotic administration, onset of  signs and 
symptoms, and total dosage intervals.10 The acute presentation of  
the patient after having completed a total of  three doses of  nitro-
furantoin over the period of  two days provides a unique timeline 
for nitrofurantoin-induced IDILI that warrants further discussion 
on the latency of  nitrofurantoin-induced DILI. 

 In 2003, the drug-induced liver injury network (DILIN) 
conducted a prospective study of  patients with DILI in the United 
States (n=1257) and found that nitrofurantoin is among the top 
causes of  DILI with long latency (>365-days) while it had a minor 
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role in DILI with short latency (<7-days).7 This finding is propor-
tionate to much of  the currently available literature on nitrofuran-
toin-induced DILI as there is a far greater number of  case reports 
demonstrating the long-term consequences of  nitrofurantoin on 
the liver than reports on hepatotoxicity after short-term use. 

 In searching for cases of  nitrofurantoin-induced DILI 
with comparably short latency (<7-days), we were found only 
one other report,11 which discussed a 69-year-old man who no-
ticed jaundice after 3-4-days of  drug exposure and presented after 
5-days with laboratory evidence of  liver injury. Some key compari-
sons are outlined in the Table 1.  

 Similarities between the two cases include the elevation 
of  serum aminotransferase levels noted <7-days from starting the 
first dose of  a 7-day course of  nitrofurantoin 100 mg BID in pa-
tients with previously normal liver markers and no history of  liver 
injury. In both cases, the discontinuation of  nitrofurantoin led to 
improvement of  liver enzyme levels; however, this statement is 
limited in that the follow-up laboratory tests were performed at 
different timeframes [2.5-months vs. 1-10-days], making it difficult 
to compare how quickly liver enzyme levels normalized and what 
factors contributed to that normalization. 

 The most notable differences between the two cases in-
clude the symptoms, latency of  DILI, liver function test results on 
admission, and results of  the investigation of  other etiologies con-
tributing to livery injury. Our 56-year-old female patient reported 

flu-like symptoms several hours after the first dose of  nitrofuran-
toin, which was quicker than the 69-year-old male patient who no-
ticed yellow skin discoloration three days after initial nitrofurantoin 
use. Unlike this 69-year-old male patient, our patient had neither 
jaundice nor elevated bilirubin levels, though ALP remained el-
evated throughout the two-day hospitalization. The 69-year-old 
male patient had elevated ANA titers and positive smooth muscle 
antibodies, while our patient had a completely negative autoim-
mune antibody panel. 

 The examination into these two cases provides a plat-
form for further investigation into nitrofurantoin-induced liver 
injury with short latency (<7-days). Further reports on acute re-
versible hepatotoxicity from nitrofurantoin should be encouraged 
to bring awareness to clinical providers and increase discussion and 
research regarding nitrofurantoin and its short-term hepatotoxic 
effects.

Learning Points

3Case Report | Volume 5 | Number 1|

Table 1. Comparison of Case Reports of Drug Induced Liver Injury (DILI) with Short Latency

Case Report 110 Case Report 2

Age, gender, past medical history, 
reason for admission

69-year-old male with a history of chronic obstructive pulmo-
nary disease (COPD), coronary artery disease, hypertension, 
hyperlipidemia, and congestive heart failure admitted for COPD 
exacerbation and jaundice

56-year-old female with a history of hypertension, type 2 
diabetes, transient ischemic attack, hyperlipidemia, gastroesophageal 
reflux disease, irritable bowel syndrome, generalized anxiety disorder, 
depression, lumbago, and convulsions admitted for UTI and elevated 
liver enzymes with chills and myalgias.

Prescribed nitrofurantoin dosage 7-day course of nitrofurantoin 100 mg BID prior to admission 7-day course of nitrofurantoin 100 mg BID prior to admission

Latency (First dose of nitrofurantoin 
to onset of symptoms) 3-days several hours

Initial symptoms post nitrofurantoin 
use Jaundice Flu-like symptoms including chills, subjective fever, malaise, cough, and 

nausea

Days from first nitrofurantoin dose to 
discontinuation 5-days 2-days

Days from first nitrofurantoin dose 
to admit 8-days 2-days

Liver function test results on admit ALT 608 U/L; AST 1260 U/L; ALP 2640 U/L; bilirubin 12.4 mg/dL ALT 1057 U/L; AST 1592 U/L; ALP 174 U/L; bilirubin 0.9 mg/dL

Previous liver function test results A year prior, normal liver function tests with ALT 25 U/L; AST 
23 U/L; ALP 113 U/L; bilirubin 0.8 mg/dL.

16 months prior, normal liver function tests with ALT 35 U/L; AST 26 
U/L; ALP 93 U/L; bilirubin 0.4 mg/dL

Results of other investigation Elevated anti-neutrophil titers (1:160) and positive anti-smooth 
muscle antibodies. Ultrasound of the abdomen showed

Autoimmune panel negative for antinuclear antibodies. 
Ultrasound of the liver was normal. 

Treatment and Course

Nitrofurantoin was discontinued 3-days prior to admission. 
He received 10-days of 40 mg IV methylprednisolone and 
demonstrated significant improvement. He was subsequently 
discharged.

Nitrofurantoin was discontinued on admission. The patient was 
given IV fluids for mild hyponatremia and IV ceftriaxone 1 g for UTI 
without sepsis. She clinically improved over treatment overnight and 
was discharged the following day.

Repeat lab results after nitrofurantoin 
discontinuation

Approximately 2.5-months after discontinuation, the patient 
had normal liver function tests with ALT 20 U/L; AST 20 U/L; 
ALP 73 U/L; bilirubin 0.6 mg/dL

1 day after discontinuation, the patient had ALT 573 U/L (45.8% 
decrease from admit); AST 357 U/L (77.6% decrease from admit); 
ALP 221 U/L (27.0% increase from admit); bilirubin 0.4 mg/dL

10-days after discontinuation, the patient had normal liver function 
tests with ALT 85 U/L; AST 29 U/L; ALP 153 U/L; and bilirubin 0.5 
mg/dL

• This case highlights an acute presentation of  Nitrofurantoin induced idiosyncratic 
drug-induced liver injury (IDILI).
• Nitrofurantoin induced hepatotoxicity should be suspected in anyone presenting 
with elevated flu- like symptoms and elevated liver enzymes within a few days (less 
than a week) of  commencement of  treatment with Nitrofurantoin.
• This is a reversible condition and discontinuation of  the medication will yield 
instant results.
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A 17-year-old healthy male presented to the emergency room 
with painful black ulcers on his scrotum that developed 

acutely over 24-hours. Other symptoms included fatigue, nausea, 
and vomiting. He had a mild leukocytosis, but was afebrile. He  

continued to develop new lesions despite initiation of  antibiot-
ics at presentation. Workup was negative for herpes simplex virus 
(HSV), epstein-barr virus (EBV), human immunodeficiency virus 
(HIV), and Syphilis.  A workup was initiated to rule out underlying 
vasculitis or vasculopathy , this was also negative. A shave-biopsy 
of  an ulcer edge demonstrated an area of  dermal necrosis associ-
ated with dense neutrophilic inflammation, hemorrhage, and in-
travascular thrombosis.  A diagnosis of  Juvenile Gangrenous Vas-
culitis of  the Scrotum (JGVS) was made. He was treated with oral 
prednisone and immediately stopped developing new ulcers and 
showed complete resolution after 6 weeks of  therapy (Figure 1). 
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The authors have received written informed consent from the 
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Figure 1.  Black Ulcers on Scrotum
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BACKGROUND

Since December 2019, China reported the first corona disease 
epidemic, caused by severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2), which is currently a worldwide public 
health concern.1 As per the latest World Health Organization 
(WHO) situation report (date as reported by national authori-
ties by 10:00 hours CET 21 September 2021), India announced 
33,531,498 confirmed cases of  coronavirus disease-2019 (CO-
VID-19), and 445,768 deaths.2 SARS-CoV-2 is an acute infection 
of  the respiratory system which is primarily transmitted through 
the respiratory tract, by either respiratory droplets, secretions, or 
direct contact even for a low infective dose.3,4 Otherwise, the virus 
can be found in stool samples and blood of  a severe pneumonia 
patient, suggesting the possibility of  fecal-oral transmission indi-
cating multiple routes of  transmission. 

 This novel coronavirus is associated with respiratory 

syndrome with a variable degree of  severity ranging from pauci-
symptomatic respiratory illness that ascend into a severe pneumo-
nia and acute respiratory distress syndrome (ARDS) with multi-
organ failure. Previous studies reported age as a factor associated 
with the severity of  the symptoms; patients aged 60-years or above 
have a greater chance of  developing severe respiratory syndromes 
and a longer period of  disease course, unlike patients below the 
age of  60-years having comparatively milder symptoms. The most 
commonly observed signs and symptoms are fever with or without 
chills, sore throat, cough, loss of  smell and loss of  taste sensation, 
etc. However, the majority of  the patients are asymptomatic and 
have mild forms of  the disease. The risk of  a fatal form of  the 
disease and death due to COVID-19 is the highest among smokers 
and people with other serious medical disorders, such as malig-
nancy, heart problems, lung disorders, kidney and liver diseases, 
diabetes, immunocompromised patients, sickle cell disease and 
obesity. These diseases that are severe in nature are characterized 
by dyspnea, hypoxia, and extensive lung involvement on imaging. 

ABSTRACT

The severe acute respiratory syndrome corona virus-2 (SARS-CoV-2) designated as novel coronavirus is a cause of  highly in-
fectious disease referred to as coronavirus disease-2019 (COVID-19). The global pandemic that affected millions of  people 
worldwide has claimed many lives and brought about catastrophe in low-income countries. The high mortality and rapid spread 
of  the infection have brought about an urgent need for a safe and effective vaccine to control the pandemic. In this perspective, it 
becomes essential to understand the structure, mode of  transmission, and virulence of  SARS-Cov-2. In this article, an emphasis 
is made on understanding the infection pathogenesis and the host defense mechanisms against the infection to break the chain 
of  transmission. Furthermore, we have tried to summarize the development and characteristics of  different types of  COVID-19 
vaccines. In addition to this, we have highlighted the challenges of  the public health system in the procurement and delivery of  
the vaccine to the community and especially to the most vulnerable society. It becomes the main priority to find support finan-
cially and make the public health system ready to imbibe the importance of  vaccination through meticulous strategies so that 
vaccine reaches out to the community.

Keywords
SARS-CoV-2; COVID-19; Vaccine; COVID-19 treatment.
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This can progress to respiratory failure requiring mechanical ven-
tilation, shock, multi-organ failure, and death.5 The first vaccine 
got an emergency use authorities (EUA) in December 2020. Since 
then, numerous other antivirals, immunotherapies, and vaccines 
continue to be investigated and developed. 

LATEST DRUGS APPROVED FOR USE IN CORONAVIRUS 
DISEASE-2019

Although some case reports and observational studies have report-
ed the efficacy of  a few antiviral drugs in improving the overall 
health of  COVID-19 patients, however, to date, no definitive Food 
and Drug Administration (FDA)-approved antiviral is available to 
combat novel coronavirus. The treatment mainly involves early 
recognition of  suspected patients allowing: early identification of  
severe illness, such as pneumonia or other diseases of  acute re-
spiratory infection, optimized supportive care treatments, and ad-
mission to the designated hospital ward or intensive care unit ac-
cording to institutional or national protocols. Several antivirals got 
approval as COVID-19 treatment in the absence of  a proper vac-
cine. At first, only Remdesivir was approved as an antiviral treat-
ment for COVID-19. Furthermore, recent clinical trials proved the 
efficacy of  Remdesivir with an improved time in recovery from 
COVID-19.6 EUA was granted to many other agents like conva-
lescent plasma in August 2020, Bamlanivimab in November 2020, 
antibody mixture of  Casirivimab and Imdevimab in November 
2020, and Baricitinib in combination with Remdesivir in Novem-
ber 2020. 

 Bamlanivimab is a monoclonal antibody that targets the 
spike protein of  SARS CoV-2 and was granted EUA for a) mild to 
moderate COVID-19 cases, b) aged more than 12-years weighing 

at least 40 kgs, and c) were at high-risk of  progression to severe 
COVID-19 or hospitalization. The combination of  Bamlanivimab 
and Etesevimab was also granted a EUA in February 2021. Barici-
tinib is a tyrosine kinase inhibitor; it specifically inhibits Janus Ki-
nase 1 and 2 (JAK 1 and 2). Baricitinib in combination with Rem-
desivir was granted a EUA in patients aged older than 2-years, with 
suspected or confirmed COVID-19 disease and required assisted 
ventilator support.7 For hospitalized COVID patients requiring 
oxygen through invasive or non-invasive ventilation, the recom-
mended treatment is dexamethasone alone or in combination with 
Remdesivir.8 Recent data suggest that dexamethasone decreases 
mortality in such patients.6

VACCINES FOR CORONAVIRUS DISEASE-2019

The vaccine combined with other control measures is the only way 
to mitigate the public health and economic impact of  the pandem-
ic, making it a current priority. In the long run, active immunization 
is essential for high-risk people to prevent COVID-19. While many 
countries including India, have taken strong measures to contain 
the spread of  COVID-19 through better protocols, diagnostics, 
and treatment, the vaccines will provide a solution by enhancing 
immunity. Vaccines aim to prepare the body by exposing it to an 
antigen resulting in an immune response capable of  either block-
ing or killing the virus when infected, without causing the actual 
disease course.
 In SARS-CoV, of  all the structural proteins, S protein was 
found to elicit neutralizing antibodies and considered as a major 
target antigen for vaccine development.9 Historically, the develop-
ment of  the coronavirus vaccine has been very difficult. Previous 
studies conducted on animal models reported that coronavirus 
vaccines have been immunogenic yet not effectively preventing 

Figure 1. SARS-CoV-2 Transmission Process
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the acquisition of  disease.5 Furthermore, there is a concern that 
vaccination, as with coronavirus infection, may not induce long-
lived immunity and re-infection may be possible.7 Previous use of  
coronavirus vaccines (SARS-CoV and Middle East respiratory syn-
drome coronavirus (MERS-CoV)) in some animal models raised 
safety concerns regarding Te2 mediated immunopathology (Figure 
1).8

 The vaccine against COVID-19 is being developed at a 
remarkable speed where the first SARS CoV-2 sequences through 

phase 1 in six-months when compared to the traditional develop-
ment of  a vaccine with a timeline of  3 to 9-years. The development 
of  a vaccine is a time-consuming process that includes the follow-
ing phases: Figure 2, Table 1.

 As part of  the global efforts for the rapid development 
of  a safe and effective COVID-19 vaccine, various scientific tech-
niques like the use of  different viruses or viral segments are being 
developed (Table 2). To this day, a total of  5,776,127,976 vaccine 
doses have been administered.10

8Review | Volume 5 | Number 1|

Figure 2. Traditional Development of Vaccine

Table 1. Phase of Vaccine Development

Phase of Vaccine Development/Trial Purpose

Pre-clinical Vaccine development in laboratory

Phase 1 Clinical trial (8-10 participants) For testing vaccine safety

Phase 2 Clinical trial (50-100 participants) For testing vaccine immunogenicity i.e., production of antibodies against virus

Phase 3 Clinical trial (30,000-50,000) For testing actual protection offered by the vaccine

Table 2. Progress on COVID-19 Vaccine Development34

Type of COVID-19 vaccine Pre-clinical Phase I Phase I/II Phase II Phase II/III Phase III Licensed

Virus Vaccine
Live-attenuated 3 1

Inactivated Virus 11 1 2 1 4

Viral vector vaccine
Replicating viral vector 18 1 2 1 4

Non-replicating viral vector 26 6 4

Nucleic acid vaccines
DNA vaccine 16 2 5

RNA vaccine 29 2 2 1 1 1

Protein based vaccine
Protein subunit 64 9 5 2 1

Virus like particle 17 1 1

Unknown - 31 3

Total 215 25 17 5 1 10 1
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The following are the techniques used to develop COVID-19 vac-
cines:

The Following are the Techniques Used to Develop Coronavirus 
Disease-2019 Vaccines

Virus vaccines: These vaccines use the virus itself  in a weakened or 
inactivated form such as measles and polio (oral) vaccines. There 
are two types of  vaccines under development against coronavirus: 
weakened virus and inactivated virus vaccines.

Viral-vector vaccines: In the development of  these vaccines, a vi-
rus (such as adenovirus or measles), is genetically engineered to 
produce coronavirus proteins in the body, but the virus is weak-
ened and cannot cause disease. The replicating viral vector (can 
replicate within cells) and non-replicating viral vector (cannot rep-

licate within cells) are the two types of  viral vector vaccine.

Nucleic-acid vaccines: In these vaccines, nucleic acid (deoxyribo-
nucleic acid (DNA) or ribonucleic acid (RNA)) is inserted into hu-
man cells. This immune response is produced from the human 
cells which then produce copies of  the virus protein. The DNA 
vaccine and RNA vaccine are the two types of  nucleic acid.

Protein-based vaccines: These vaccines use virus protein frag-
ments or protein shells that are injected directly into the body. The 
two types of  protein-based vaccines being developed against the 
coronavirus are the protein subunit vaccines and virus-like particle 
vaccines.11

TYPES OF CORONAVIRUS DISEASE-2019 VACCINES AND 
THEIR INDIVIDUAL CHARACTERISTICS

The United Nations Children’s Fund (UNICEF) in June 2020 has 
gathered information specifications from 26 vaccine developers 
and manufacturers on the vaccine (10 manufacturing in China, 6 in 
India, 3 in the United States of  America, 2 each in Belgium, Rus-
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Table 3. Current Approved Vaccines24

S.No. Type of Vaccine Name Developer

1 mRNA based vaccines

Comirnaty (BNT162b2) Pfizer-BioNTech: Fosun Pharma

mRNA-1273 Moderna, Biomedical Advanced Research and Development Authority 
(BARDA), National Institute of Allergic and Infectious disease (NIAID)

2 Adenovirus vaccine Covishield aka AZD1222 Astrazeneca, Oxford University

3 Non-replicating viral 
vector

JNJ-78436735 Janssen Pharmaceuticals Companies of Johnson and Johnson

Sputnik V Gamaleya Research Institute, Acellena Contract Drug Research and 
Development (Russia)

4 Peptide Vaccine EpiVacCorona Federal Budgetary Research Institution State Research Center of 
Virology and Biotechnology, Russia

5 Recombinant Vaccine Convidicea (Ad5-nCoV) CanSino Biologics, China

6 Inactivated Vaccines

Covaxin ICMR, Bharat Biotech (India)

CoronaVac Sinovac, China

BBIBP-CorV Beijing Institute of Biological Products, Sinopharm

Vaccine still to be named Wuhan Institute of biological products, Sinopharm

Table 4. Indian landscape of COVID-19 Vaccines Under Development

S.No. Product Indian Manufacture Collaborator Current Stage

1
Covishield (Chimpanzee 
Adenovirus)

Serum Institute of India, Pune Astra Zeneca Phase II/III

2 Covaxin (Inactivated Virus) Bharat Biotech International Ltd, 
Hyderabad

Indian Council of Medical Re-
search, India Phase III (advanced)

3 ZyCoV-D (DNA vaccine) Cadila Healthcare Ltd, Ahmedabad 
(ZydusCadila)

Department of Biotechnology, 
India Phase II (advanced)

4 Sputnik V (Human Adenovirus) Trialed and manufactured in India 
by Dr. Reddy Lab. Gamaleya National Center, Russia Phase-II over, Phase-III to start

5 NVX-CoV2373 (Protein Subunit) Serum Institute of India, Pune Novavax Ph III under consideration in India

6 Recombinant Protein Antigen 
based vaccine Biological E Ltd, Hyderabad MIT, USA Phase I plus II human clinical trials 

started

7 HGCO 19 (mRNA-basedvaccine) Genova, Pune HDT, USA Pre-clinical animal studies over.

8 Inactivated rabies vector platform Bharat Biotech International Ltd, 
Hyderabad Thomas Jefferson University, USA Pre-clinical (Advanced)

9 Vesiculo Vax Platform Aurobindo Pharma Ltd, Hyderabad Aurovaccine, USA Pre-clinical (Advanced)

http://dx.doi.org/10.17140/IMOJ-5-117


Intern Med Open J. 2021; 5(1): 6-13. doi: 10.17140/IMOJ-5-117

Rangraze IR et al

sia, and Japan, 1 each in France, South Korea, Switzerland, and the 
United Kingdom) Tables 3 and 4.

The common characteristics of  the COVID-19 vaccines which 
were made public on 31 August 2020 from these 26 developers are:

• Most of  them are liquid products (few are freeze-dried);
• Majority are intramuscular injections;
• Majority are 2-doses courses; 
• The targeted temperature ranges from 2 °C to 8 °C.

However, there is a possibility of  temperature requirements of  

-60 °C and a shorter half-life. 
- The University of  Oxford/AstraZeneca vaccine can be stored,  
 transported, and handled at +2 °C to 8 °C.12

- BioNTech/Fosun Pharma/Pfizer vaccine has a recommended  
 temperature condition of  -80 oC and can be stored for five days  
 at +2 °C to 8 °C.13

- The Moderna/NIAID vaccine remains stable at -20 oC for up 
 to six months and remains stable at +2 °C to 8 °C for 30-days and 
- the Gamaleya institute, Sputnik-V vaccine can be stored at +2  
 °C to 8 °C.14

- A recently introduced Johnson & Johnson’s Janssen COVID-19  
 vaccine (JNJ-78436735) could be kept between 2 °C and 8 °C  
 (36 °F and 46 °F) for up to 6 hours or at room temperature (up  
 to 25 °C or 77 °F) for 2 hours. It is a single-shot vaccine and it  
 has reportedly an efficacy of  66.3%.15

CURRENT SITUATION IN INDIA

India is known as the vaccine manufacturing hub worldwide, con-
tributing 60% to the global vaccine supply meaning its capacity to 
manufacture over 3 billion COVID-19 vaccine doses annually.16 As 
of  13 September 2021, a total of  752,238,324 vaccine doses have 
been administered in India.2 

 The COVID-19 vaccination drive was launched on 16 
January 2021, in India. Initially, the doses were made available only 
for the elderly population and high-risk individuals. Also, the citi-
zens were required to register themselves individually on the Covid 
vaccine intelligence network (CoWIN) website or the Arogya setu 
portal which resulted in filling up the slots way too early, hence re-
sulting in fewer administration of  jabs during the initial 5-months 
(1-4 phase). However, later the government waived off  the pre-
registration requirement and started offering vaccinations free of  
cost. Additionally, from 1st May 2021, everyone older than 18-years 
of  age was made eligible for phase 4 of  the vaccination drive. This 
amendment resulted in acceleration of  the vaccination program.17

 Currently, three vaccines have been approved in India, viz 
a viz, COVISHIELD (fabricated by the Serum Institute of  India 
(SII)), COVAXIN (developed and manufactured by Bharat Bio-
tech), and SPUTNIK (Gam-COVID-Vac; Gamaleya Research In-
stitute of  Epidemiology and Microbiology).17

 COVISHIELD and COVAXIN were the first vaccines 

to be approved for emergency use and administrated to all people 
aged more than 18-years with no history of  allergy to one of  its 
components. 

COVISHIELD: It is known as the Oxford-AstraZeneca Adenovi-
rus vector-based vaccine AZD1222 vaccine based on a replication-
deficient simian adenoviral vector coding the whole length CO-
VID-19 spike glycoprotein (S).

COVAXIN: India’s first domestic COVID-19 vaccine based on in-
activated COVID-19 virus.

ZyCoV-D: Currently finishing Phase-II trials, it is developed by 
Cadila Healthcare, Ahmedabad, based on the new plasmid DNA 
vaccine technology, and supported by the Department of  Biotech-
nology, Government of  India.18

 Individuals with a higher risk of  acquiring COVID-19 
such as healthcare workers and front-line workers including police, 
sanitary workers were the first to receive the vaccines.19 These vac-
cines (COVISHIELD or COVAXIN) are free of  cost were dis-
tributed according to the discretion of  the government and the 
availability status and logistic issues. India is using a well-designed 
and elaborate micro plan of  vaccinating each front-line worker.20

 It is important to mention that the Serum Institute of  
India is one of  the largest vaccine manufacturers worldwide, in ad-
dition, India has a long history of  low-cost vaccine production. For 
instance, it has produced a COVID-19 vaccine with a cost as low 
as 3$ per dose for the local population and it can be distributed to 
other developing countries.21

 Another technology developed in India is the electronic 
vaccine intelligence network (eVIN) recording data regarding stor-
age, distribution, and usage of  vaccines on the ground, facilitating 
the distribution and tracking nationwide.19

 India has also dispatched 35.79 million COVID-19 vac-
cine doses as commercial exports. Yet, it recently lowered the dis-
tribution in order to fuel the nationwide vaccination drive. The an-
nouncement was reported after the initiation of  the rapid increase 
and second wave all over the country.16

THE ADVERSE EFFECTS ASSOCIATED WITH THE 
CORONAVIRUS DISEASE-2019 VACCINE

No long-term clinical trial was conducted on the vaccine to assess 
its side effects in individuals. The vaccine has been accelerated to 
deploy to the target population at a very stringent schedule, hence 
safety is very much a concern. It is currently reported that the side 
effect of  the COVID-19 vaccine is very mild that including head-
ache, fatigue, and muscular pain as seen in the vaccine-like Pfizer-
Biotech vaccine. Following the implementation of  vaccination, 
initial reports estimated that rates for anaphylaxis in the United 
States were 11.1 patients/million doses administered of  the Pfizer-
BioNTech vaccine (23 December 2020) and 2.5 patients/million 
doses after administration of  the Moderna vaccine (10 January 
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2021).22,23 Most reported manifestations were generalized urticaria, 
diffuse erythematous rash, angioedema, respiratory and airway ob-
struction signs, and nausea.24 In India, the inoculation of  the COV-
ID-19 vaccine has started in January 2021, with a target population 
of  three crores of  healthcare and frontline workers. Out of  the 
3.8 lakh who have been vaccinated, 580 cases encountered adverse 
effects of  which two people have developed severe adverse effects. 
Another detailed continuing prospective long-term safety analysis 
of  COVISHIELD use in the Indian population (February 2021 to 
May 2022) was conducted on 804 participants.25 Findings showed 
that after the first dose, adverse events were reported in 40% of  
patients with a systemic involvement in 248 whereas, after 7-days 
of  the second dose, adverse events occurred in 15.7% of  the in-
dividual and systemic in 99. Only one patient was hospitalized 
while the majority had mild-moderate adverse events and resolved 
spontaneously showing that the ChAdOx1 vaccine has a generally 
favorable safety profile. In another study conducted on 7080 fully 
vaccinated (mostly COVISHIELD) healthcare workers in Chris-
tian Medical College, Vellore India, 9.6% had development of  CO-
VID-19 infection 47-days (34-58-days) after the second dose. Yet, 
the risk of  infection and hospitalization among fully vaccinated 
Health Care Workers (HCWs) was substantially lower when com-
pared with those unvaccinated (Box).26 

Who should Get Coronavirus Disease-2019 Vaccine AstraZeneca?

COVID-19 Vaccine AstraZeneca can be used in adults aged un-
der 60-years where the benefits are likely to outweigh the risk and 
the consumer has made an informed decision based on an under-
standing of  the risks and benefits. People of  any age without con-
traindications who have had their first dose of  COVID-19 Vaccine 
AstraZeneca without any serious adverse events should receive a 
second dose of  the same vaccine.

Benefits of Getting Vaccinated

● A growing body of  evidence has shown COVID-19 vaccines are 
safe and effective, even for children aged 5-years and older.
● Millions of  people in the United States have received COVID-19 
vaccines given the FDA emergency authorization. 
● COVID-19 vaccines have undergone and will continue to under-
go the most intensive safety monitoring in U.S. history. 
● COVID-19 vaccines were developed using scientific methods 
that have been around for decades.
● Before recommending COVID-19 vaccination for children, 

scientists conducted clinical trials. The FDA gave the Pfizer Bi-
oNTech COVID-19 vaccine emergency authorization to use in 
children ages 5-years through 15-years and full approval to use in 
people ages 16-years and older.
● Some people have no side effects after COVID-19 vaccination. 
Furthermore, others reported side effects that may affect their abil-
ity to do daily activities, but they should go away within a few days.
● There is no evidence that COVID-19 vaccines cause fertility 
problems.
● The benefits of  COVID-19 vaccination outweigh the known 
and potential risks. Reports of  adverse events, like allergic reac-
tions or myocarditis or pericarditis, are rare.
● Everyone who receives a COVID-19 vaccine can participate in 
safety monitoring by enrolling themselves and their children ages 
5-years and older in very safe and completing health check-ins after 
COVID-19 vaccination. 
● COVID 19-vaccines are effective and can reduce the risk of  get-
ting and spreading the virus that causes COVID-19.
● COVID-19 vaccines also help children and adults from getting 
seriously ill even if  they do get COVID-19.
● There are approximately 28 million children between the ages of  
5 and 11-years old in the United States, and there have been nearly 
2 million cases of  COVID-19 within this age group during the pan-
demic. COVID-19 can make children very sick, require hospitaliza-
tion, and some children have even died. Children with underlying 
medical conditions are more at risk for severe illness compared to 
children without underlying medical conditions. Therefore, getting 
children ages 5-years and older vaccinated can help protect them 
from serious short- and long-term complications.
● Getting everyone ages 5-years and older vaccinated can protect 
families and communities, including friends and family who are 
not eligible for vaccination and people at increased risk for severe 
illness from COVID-19.

CHALLENGES OF DELIVERING THE VACCINE TO THE 
PUBLIC

The global public has faced an economic burden for months due 
to the COVID-19 epidemic. The complete lockdown or communi-
ty-wide containment was considered as the best vaccine alternative, 
yet it did cause much loss of  employment which hindered the daily 
living of  the people.27 The progress of  time measures and pro-
tocols like wearing a mask, physical distancing, handwashing has 
paved the way for people to resume back to normal. To everyone’s 
relief, many countries were ready with their vaccine in December 
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Box. Weighing up the Potential Benefits Against Risk of Harm from Coronavirus Disease-2019 Vaccine

Individual and societal benefits of COVID-19 Vaccine AstraZeneca Risks of COVID-19 Vaccine AstraZeneca

AstraZeneca in preventing severe COVID-19 outweigh the potential risks in:

● Older adults in the low exposure risk scenario.
● All adults in the medium and high exposure risk scenarios.

Broader benefits of vaccination that are not shown in these simplified 
scenarios include:

● Protection against non-severe COVID-19 and complications such as ‘long COVID’.
● Protection of unvaccinated close contacts of vaccinated individuals.
● Protection of family and community from preventing transmission of the virus.
● Potential ability to ease and/or avoid imposing other COVID-19 mitigations.

Common side effects of vaccination include:

● Fatigue, headache, body aches and fever. More severe side effects of anaphylaxis and   
   a condition called thrombosis with thrombocytopenia syndrome (TTS) have been  
   reported.
● The severity of illness due to TTS ranges from fatal cases and those with significant  
   morbidity,  to relatively milder cases. TTS appears to be more severe in younger  
   people.
● People who have a personal history or family history of blood clots, have risk factors  
   for blood. clots or take anticoagulant medication can have COVID-19 Vaccine  
   AstraZeneca.
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2020. The rolling-out of  a vaccine against COVID-19 was first 
administered to the high-risk groups which were the healthcare 
personals and the frontline workers. However, it was soon real-
ized that there is a sense of  resentment towards the COVID-19 
vaccination that can be attributed to the myths and false beliefs 
against the vaccine. Even the doctors, medical students, and nurses 
are in a wait-and-watch approach before they agree to vaccinate 
themselves.28 Furthermore, the pattern of  trust gap regarding the 
vaccine was seen in the community at large, which demands evi-
dence of  the efficacy, safety, technicality, and operation of  the vac-
cine.6 However, after the launch of  the COVID-19 vaccine by the 
government of  India in 2021, vaccine hesitancy especially among 
health care workers regarding its safety, efficacy, rolling out strategy 
and undesirable effects were reported. In a recent cross-sectional 
study conducted on healthcare workers vaccinated at a tertiary care 
center of  southern Rajasthan India, 80.7% and 73.2% out of  3102 
of  study participants perceived the vaccine as safe and effective 
respectively. Therefore, findings showed that vaccine hesitancy was 
due to the apprehension of  undesirable effects.29 The global public 
health system has a great responsibility to educate, sensitize people 
at large to take the vaccination. The role modeling from health of-
ficials and other authorities could be of  great help too in convinc-
ing the community.30 The authority in political and health positions 
must get vaccinated and bring about trust among the people on the 
COVID-19 vaccines. This calls for more studies and strategies to 
build the trust of  people to comply with the adherence of  imple-
menting vaccination for the betterment of  civil society.31 And last 
but not the least, when it comes to India, mass gathering during 
vaccination drives is an important area to focus on in order to pre-
vent further surge in daily cases. Hence the government of  India 
still needs to devise an effective public health strategy to prevent 
excessive crowding at vaccination centres. Keeping this problem in 
mind, many states in India have adopted the door-to-door vaccina-
tion policy which seems to be a better option, further aiding the 
huge nation-wide vaccination drive.32,33

CONCLUSION

The international response to this new emerging outbreak has be-
come successively more sophisticated and has been accompanied 
by a remarkable response from public health bodies and the sci-
entific community which have slowed down the spread of  CO-
VID-19 by developing the vaccine. A large number of  pharmaceu-
tical companies, research centers and laboratories introduced and 
tested their vaccine to combat the crisis. After many processes and 
efforts through various stages that include the pre-clinical stage, 
development in clinical stages, regulatory review, approval, and 
manufacturing the vaccines are distributed out in the community. 
There is an urgent need for a relatively safe and effective COV-
ID-19 vaccine with a clear plan for the preparation and distribution 
of  the vaccine to the community. It becomes the main priority to 
find support financially and make the public health system ready to 
imbibe the importance of  vaccination through meticulous strate-
gies so that vaccine reaches out to the community. 
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