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There is ample evidence and expanding coverage on the 
COVID-19 virus spread across the world today. The increasing 
burden of cases has not only overwhelmed our fragile public 
health care system but also stressed our economy due to lock-
downs. The last one year of the pandemic has subjected our 
health care systems, social support systems, and resilience of 
our citizens to testing times, as a result of antipandemic mea-
sures. Evidence-based treatment guidelines have been formu-
lated, revised, and advocated by both Ministry of Health and 
Family Welfare and Ministry of AYUSH in the last one year for 
health care practitioners to treat COVID-19 patients. There 
has been a clamor for improving one’s “immunity” and being 
healthy and fit to reduce the impact of COVID-19. While the 
COVID-19 may infect anybody, the predilection, severity of 
symptoms, and ability to resist virus infection does depend 
on physiological and psychological status of one’s health. 
This is evident from epidemiological characteristics of this 
disease severely affecting the elderly and those with comor-
bid conditions. Although the evidence for role of a healthy 
lifestyle as a primary prevention of COVID is still uncertain, it 
nevertheless is known to influence the trajectory of the dis-
ease in those affected. Yoga and meditation as a mind, body 
and lifestyle intervention has gained popularity in recent 
times. Ever since the declaration of International Day of Yoga 
(June 21) by the United Nations General Assembly in 2014, 
yoga, as a health promotion intervention, has gained popu-
larity globally with due support from majority of the nations 
and the World Health Organization (WHO). The present edi-
torial highlights the role of yoga in prevention and manage-
ment of COVID and COVID-like acute respiratory illnesses.

The resurgence of COVID-19 in 2021 has enhanced the 
burden on the health care resources in our country, with an 
exponential increase in the number of cases. The highlight-
ing of deaths due to lack of oxygen beds by the media has 
created a panic in the country. People are more anxious than 

ever before if they have contracted COVID due to uncertainty 
in trajectory and ensuing respiratory distress. It has become 
impossible under these circumstances to pay attention to 
and mitigate the psychological distress of every patient who 
is under home isolation or under hospitalization. The accom-
panying psychological distress in COVID-19 patients is often 
ignored and not managed. There have been reports of anxiety 
and acute depression, leading to suicides during home isola-
tion and in COVID care hospitals. Social isolation has led to 
anxiety and led to severe mental health issues in those with 
preexisting anxiety or depressive disorders. The constant 
fear of getting infection, unbearable stress, long working 
hours, helplessness, and distress watching infected patients 
die alone has caused burnout stress in frontline health care 
workers. All these point to a pandemic of psychological dis-
tress accompanying COVID-19.1

COVID-19 patients have had to contend with stress due 
to fear of worsening of symptoms, respiratory distress, 
hypoxia, fatigue, insomnia, and other symptoms during 
COVID-19 infection, which are amplified due to isolation 
anxiety.2 The anxiety and uncertainty about the trajectory 
and course of illness among COVID-19 positive patients, 
those suspected of COVID-19, and those in quarantine can 
lead to psychologic distress which, in turn, can downregu-
late their immune defenses and increase the chance and 
severity of infection, similar to earlier studies. Studies have 
shown psychological stress to enhance the rates of infection 
in communities during a flu season. Even among the health 
care workers, impending anxiety and stress can downregu-
late immune responses and defenses that can lead them to 
contract this infection and increase its severity.3

Treatment protocols for people with COVID-19 should 
address both the physiological and psychological needs of 
the patients and health service providers. Providing psy-
chological treatment and support may reduce the burden of 
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comorbid mental health conditions and ensure the well-being 
of those affected.4 There is some evidence that enhancing 
general physical and mental health may reduce burden of 
acute respiratory illness. In a series of observational and viral 
inoculation studies, perceived stress, negative emotion, and 
lack of social support predicted not only self-reported ill-
ness but also biomarkers such as viral shedding and inflam-
matory cytokine activity.5,6 Similarly, both epidemiological 
and experimental studies have suggested that regular phys-
ical activity such as moderate exercise may protect people 
from acute respiratory illness.7 A recent observational cohort 
study (n = 1,002 adults) reported 32% to 46% lower incidence, 
duration, and severity of acute respiratory infection (ARI) ill-
ness among the most active versus least active participants.8

The recommended means of aerobic exercise is walk-
ing, with an optimal frequency of three to five days a week 
and an optimal duration of 20 to 30 minutes of continuous 
activity.9 Moderate exercise is known to increase salivary IgA 
secretion, which is known to reduce the risk of infections.10 In 
a recent observational study, COVID-19 patients who were 
physically active and met physical activity guidelines had 
less severe form of COVID illness.11 Studies on yoga and 
meditation in managing flu symptoms during an influenza 
season have shown promising results. A recent randomized 
trial comparing meditation and exercise with wait-list con-
trol among adults aged 50 years and older found significant 
reductions in ARI illness during cold season with mindfulness 
meditation.12 Considering that they are a vulnerable group to 
contract such infections, yoga may be useful as a preventive 
measure. In our earlier study, yoga practices such as kriyas, 
pranayama, and asanas have been shown to reduce airway 
reactivity and enhance respiratory effort in elderly subjects 
with asthma.13 Thus, modulation of autonomic tone may also 
be useful in the management of COVID-19 illness, as it can 

modulate immune response and inflammation. Sufficient 
evidence exists to justify testing the hypothesis that train-
ing in meditation or exercise can reduce susceptibility to ARI 
illness. The ability of yoga to reduce inflammatory markers 
in those with obesity or cardiovascular illness and diabetes 
may be useful in COVID-19 patients with these comorbid 
conditions. Below is a list of yoga practices that can be used 
in management of Covid-19 patients (see ►Table 1).

Yoga and meditative practices can play an import-
ant role as an adjunct in reducing psychosocial distress in 
the community. Central Council for Research in Yoga and 
Naturopathy (CCRYN), an autonomous body under the 
Ministry of AYUSH, has developed a psychosocial rehabili-
tation program for COVID-19 patients in consultation with 
National Institute of Mental Health and Neuro Sciences 
(NIMHANS), Bengaluru, and SVYASA University, wherein 
AYUSH doctors will be trained in screening for psychoso-
cial distress, counselling, and management of psychosocial 
distress in COVID-19 patients using yoga and naturopathy 
approaches. It is important that through socio-culture struc-
turing, the masses are motivated to engage in regular phys-
ical activity, yoga, and meditative practices. WHO has taken 
these initiatives the world over as global action plan on phys-
ical activity (GAPPA) program. The fit India movement pro-
gram of the government of India is also following the same 
direction.14 This apart, COVID-19 patients also need to be 
educated on lifestyle, diet, and self-care approaches for man-
aging symptoms during home isolation, involving naturopa-
thy methods such as steam inhalation, nasal irrigation with 
saline water, cold sponging for fever, hot chest pack, arm and 
foot bath for chest congestion, along with home remedies for 
mild symptoms. It is imperative that we adopt an integrated, 
evidence-based approach of all health care systems to man-
age this pandemic effectively.

Table  1  Yoga practices in the management of COVID-19 patients

Yoga practices
(some important ones)

Mild 
diseasea

Moderate diseaseb Physiological benefits

Shvasa kriya (hand in and out and hands stretch breath-
ing)—9 rounds each

  Improve lung capacity and 
respiratory effort

Yogic breathing—9 rounds   Improve lung capacity and 
respiratory effort

Kapalabhati kriya (40–80 strokes/min)—3 roundsc   Facilitate mucociliary clear-
ance and secretions

Pranayam
nadishodana (1:1/1:2)c—9 rounds
Bhramariv panayam—9 rounds

  Facilitate relaxation response, 
improve respiratory effort and 
anti-inflammatory activity

Yogic relaxation/meditation technique with breath 
awareness—5 minutes

  Facilitate relaxation response 
and reduce anxiety

Asanas—bhujangasana, ushtrasana, shashankasana, 
sulabha matsyasa
Common yoga protocol if fit and asymptomatic (10–40 
min/day)

 Awake proning/
shashankasana/makarasana 
breathingd

Improve respiratory effort and 
lung capacity

a Mild disease—upper respiratory tract symptoms (and/or fever) without shortness of breath or hypoxia.
b Moderate disease—anyone of: 1. respiratory rate > 24/min, breathlessness 2. SpO2: 90% to < 93% on room air. For severe disease, only awake proning/
shashankasana/makarasana breathing is advised for improving oxygen saturation and lung function.
cNot to be done while on oxygen supplementation and in those with dyspnoea or cough.
dIt is to be done in awake nonintubated patients only under supervision and O2 monitoring. Severe disease means: anyone of: 1. respiratory rate >30/
min, breathlessness 2. SpO2 < 90% on room air.
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Drug-resistant tuberculosis (DR-TB) has been an area of growing concern and posing 
threat to human health worldwide. The treatment has been defined for all types of DR-TB 
with or without newer anti-TB drugs. multi-DR-TB (MDR-TB) patients have now choice of 
two types of regimen, shorter and longer regimens. Shorter regimen for treatment of 
subset of MDR-TB patients who have not been previously treated with second line drugs 
and in whom resistance to fluoroquinolones and second-line injectable agents has been 
excluded is given for 9 to 11 months. A longer regimen of at least five effective anti-TB 
drugs (ATDs) during the intensive phase is recommended, including pyrazinamide and 
four core second-line ATDs. Intensive phase, including injectables, should be given for 
at least 8 months. The total duration of treatment is at least 20 months, which can be 
prolonged up to 24 months depending on the response of the patient. World Health 
Organization (WHO) has recently revised the grouping of ATD for use in DR-TB patients 
in 2018 into three groups based on individual patient data meta-analysis depending on 
their individual efficacy, risk of relapse, treatment failure, and death. Recently, an all 
oral longer regimen comprising bedaquiline, pretomanid, and linezolid (BPal regime) 
for 6 to 9 months for extensive-DR-TB (XDR-TB) patients and those MDR-TB patients 
who cannot tolerate or do not respond to conventional MDR-TB regimen. These new 
developments will be a step forward toward establishing universal regimen to treat all 
types of DR-TB. This article has summarized the current evidence from literature search 
to date, including prevalence of DR-TB, types of regimen used and the advancement in 
the regimens for effective treatment of DR-TB patients.

Abstract

Keywords
 ►drug-resistant 
tuberculosis
 ► shorter regimen
 ► longer regimen

DOI https://doi.org/ 
10.1055/s-0040-1714201 
ISSN 0379-038X.

Introduction
Tuberculosis (TB) occurs worldwide and remains an import-
ant cause of morbidity and mortality in many countries. 
Ideally good treatment of TB should achieve sputum con-
version in almost all the patients provided correct regimens 
are prescribed and taken. There will be hardly any recur-
rence if duration of treatment has been adequate and there 
will be hardly any emergence of drug resistance.1 The Global 
Tuberculosis Report 2019 estimated that 3.4% of newly 

diagnosed and 18% of previously treated TB cases had mul-
tidrug-resistant TB (MDR-TB). It has been estimated that 
484,000 cases of rifampicin-resistant TB (RR-TB) and 78% out 
of them had MDR-TB causing death to 214,000 people glob-
ally in 2018. Out of 484,000 cases who developed MDR/RR-TB, 
186,772 (39%) cases were detected and 156,071 people (32%) 
were enrolled on treatment with a second-line regimen and 
only 56% of them were treated successfully in 2018. In India, 
it is estimated that the prevalence of MDR-TB among new and 
previously treated patients was 2.8 and 14%, respectively. It 

Ann Natl Acad Med Sci (India) 2021;57:68–73.

Review Article

© 2020. National Academy of Medical Sciences (India).
This is an open access article published by Thieme under the terms of the Creative 
Commons Attribution-NonDerivative-NonCommercial-License, permitting copying 
and reproduction so long as the original work is given appropriate credit. Contents 
may not be used for commercial purposes, or adapted, remixed, transformed or 
built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/).
Thieme Medical and Scientific Publishers Pvt. Ltd. A-12, 2nd Floor, 
Sector 2, Noida-201301 UP, India

published online
July 21, 2020



69Treatment of Drug-Resistant Tuberculosis Prasad et al.

Annals of the National Academy of Medical Sciences  (India) Vol. 57 No. 2/2021 © 2020. National Academy of Medical Sciences (India).

is estimated that 130,000 cases of MDR/RR-TB emerge every 
year of which 58,347 (44.9%) were detected and notified and 
46,569 (35.8%) were started on treatment with treatment suc-
cess rate of only 48%.2 Extensive drug-resistant TB (XDR-TB) 
has been reported in all regions of the world and it has become 
a serious emerging threat to global public health. But, 6.2% 
of MDR-TB cases were found to have XDR-TB. It is estimated 
that 30,000 cases of XDR-TB emerge every year globally. Out 
of 30,000 XDR TB cases only 13,068 (43%) were diagnosed and 
11,403 (38%) were started on treatment with treatment suc-
cess rate of 39% globally. In India, out of estimated 8,000 cases 
of XDR-TB, only 3,400 (42%) cases were detected and notified 
and 2,724 (34%) were put on treatment with success rate of 
30%. Recently, there have been many newer changes in treat-
ment of DR-TB. Present write up aims to review current status 
of treatment of various forms of DR-TB.

Drug-Resistant Tuberculosis
There are many types of DR-TB. Isoniazid-resistant 
TB (Hr-TB), refers to TB cases whose Mycobacterium 
tuberculosis strains are resistant to isoniazid and suscep-
tibility to rifampicin has been confirmed by drug-suscep-
tibility testing (DST). Polyresistance TB refers to TB cases 
who are resistant to more than one first-line anti-TB drug, 
other than isoniazid and rifampicin together. RR-TB defined 
as resistance to rifampicin detected using genotypic or 
phenotypic methods with or without resistance to other 
first line anti-TB drugs. Rifampicin resistance is taken as 
surrogate marker for MDR-TB. MDR-TB refers to TB cases 
whose sputum is culture positive for M. tuberculosis and is 
resistant in vitro to isoniazid and rifampicin with or with-
out other antitubercular drugs based on DST. Pre-XDR-TB) 
refers to TB cases who are resistant to one of the fluoro-
quinolone (ofloxacin, levofloxacin, and moxifloxacin) or 
a second-line injectable anti-TB drug (kanamycin, amik-
acin, and capreomycin), confirmed by DST. XDR-TB refers 
to MDR-TB case whose recovered M. tuberculosis isolate is 
resistant to any fluoroquinolone (ofloxacin, levofloxacin, 
and moxifloxacin) and a second-line injectable anti-TB 
drug (kanamycin, amikacin, and capreomycin), confirmed 
by DST.

Treatment of Isoniazid-Resistant Tuberculosis
Isoniazid is an important first-line agent for the treatment 
of TB, possessing potent early bactericidal activity against 
M. tuberculosis. Monoresistance to isoniazid is frequent 
worldwide with an estimated prevalence of 7.2% in new TB 
cases and 11.6% in previously treated TB cases.2 In patients 
with confirmed rifampicin-susceptible and Hr-TB, treatment 
with rifampicin, ethambutol, pyrazinamide, and levofloxacin 
is recommended for duration of 6 months. In patients with 
confirmed rifampicin-susceptible and Hr-TB, it is not recom-
mended to add streptomycin or other injectable agents to the 
treatment regimen. If second line probe assay shows levo-
floxacin resistance, then it should be replaced with high-dose 
moxifloxacin. If high-dose moxifloxacin or pyrazinamide 

cannot be used then it should be replaced with linezolid. If 
linezolid cannot be given, then it should be replaced with 
clofazimine. If both linezolid and clofazimine cannot be 
given, then add cycloserine. If both high-dose moxifloxacin 
and pyrazinamide cannot be used, then two drugs out of the 
three, that is, linezolid, clofazimine, and cycloserine should 
be added in order of preference. In all the above situations, 
regimen should be extended for a period of 9 months instead 
of 6 months duration.3 In patients in whom toxicity from pyr-
azinamide is either experienced or anticipated, or in patients 
with lower burden of disease (i.e., noncavitary), shorten-
ing of the duration of pyrazinamide can be done when a 
later-generation fluoroquinolone is included in the regimen. 
Further research evaluating the efficacy, safety, and tolera-
bility of shorter versus longer durations of pyrazinamide are 
urgently required.4

Treatment of Multidrug-Resistant/
Rifampicin-Resistant-Tuberculosis
For treatment of MDR/RR-TB, standardized, empirical, 
and individualized approaches have been laid down.5,6 
Individualized treatment based on individual DST and prior 
treatment history is costly and needs skilled professionals 
and quality assured bacteriological and molecular diagnostic 
laboratories whereas, standardized treatment is simple, less 
costly and same treatment is given to all patients. There are 
two types of treatment regimen MDR/RR-TB shorter and lon-
ger regimen according to recent update from World Health 
Organization (WHO) in which they have also reclassified 
anti-TB drugs (ATD) for MDR/RR-TB7 (►Table 1).

Shorter Regimen for Multidrug-Resistant/Rifampicin-
Resistant Tuberculosis
In 2016, WHO approved the use of a shorter regimen for 
treatment for subset of MDR/RR-TB patients who have not 
been previously treated with second-line drugs and in whom 
resistance to fluoroquinolones and second-line injectable 
agents has been excluded or is considered highly unlikely, a 
shorter MDR/RR-TB regimen of 9 to 11 months may be used 
instead of a longer regimen of 20 to 24 months. The inten-
sive phase of 4 months which may be extended to 6 months 
in case of lack of sputum smear conversion consists of kana-
mycin, High dose moxifloxacin, ethionamide, clofazimine, 
pyrazinamide, High-dose isoniazid, ethambutol, followed by 
continuation phase of 5 months which consist of high-dose 
moxifloxacin, clofazimine, pyrazinamide, and ethambutol.7-9 
Recommendation for use of shorter regimen was conditional 
and it can be used in selected patients with MDR/RR-TB with 
the exception of confirmed resistance or suspected ineffec-
tiveness to any medicine in the shorter regimen (except iso-
niazid), exposure to one or more second-line medicines in the 
shorter regimen for 1 or more months unless susceptibility 
to these second-line medicines is confirmed, intolerance to 
one or more medicines in the shorter regimen or at increased 
risk of toxicity from such medication (e.g., drug-drug inter-
actions, preexisting QT-interval prolongation), pregnancy, 
extra pulmonary disease in people living with human immu-
nodeficiency virus and disseminated, meningeal or central 
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nervous system TB. WHO updated guidelines for MDR/RR-TB 
in 2018 and 201910,11 continued to include the shorter regi-
men as an option for patients who have not been previously 
treated for more than 1 month with second-line medicines 
used in the shorter MDR-TB regimen or in whom resistance 
to fluoroquinolones and second-line injectable agents has 
been excluded and now the shorter MDR-TB regimen may 
be offered under certain criteria which were similar to 

the previous guidelines except that shared decision mak-
ing between the clinician and patient is important when 
choosing between a shorter and longer regimen and kana-
mycin should be replaced by amikacin. Doses of drugs used 
in shorter regimen has been revised in recently for patients 
older than 14 years (►Table 2).

Abidi et al reported results of individual patient data 
meta-analysis comparing the standardized shorter regimen 

Table 1  Grouping of anti-tuberculosis drugs with their doses used in drug resistant tuberculosis (WHO 2016)

Groups Drugs Average daily 
dose (mg/kg)

Daily dosage (mg)

Minimum Maximum

A. Fluoroquinolones Levofloxacin 7.5–10 750 1000

Moxifloxacin 7.5–10 400 400

Gatifloxacin 7.5–10 400 400

B. Second-line  
injectable agents

Amikacin 15 500 1000

Kanamycin 15 500 1000

Capreomycin 15 500 1000

Streptomycin 15 500 1000

C. Other core  
second-line agent

Ethionamide/prothionamide 15–20 500 1000

Cycloserine/terizidone 10–20 500 1000

Linezolid – 600 600

Clofazimine 4–5 100 300

D. Add-on 
agents

D1 Pyrazinamide 25 750 2000

Ethambutol 15 600 1200

High-dose isoniazid 16–20 600 1500

D2 Bedaquiline 400 mg OD × 2 weeks and then 200 mg three 
times per week

Delamanid 100 mg BD

D3 PAS 200–300 10 gm 12 gm

Imipenem-cilastatin 1,000–1,000 mg BD

Meropenem 1,000 mg thrice daily

Amoxicillin-clavulanate 80 mg/kg/day 500/125 mg 
BD

1,000/250 mg BD

Thioacetazone 150 mg OD

Abbreviations: BD, twice daily; OD, once daily; WHO, World Health Organization.

Table 2  Drugs and doses used in shorter MDR regimen for patients older than 14 years from the WHO MDR-TB treatment 2018

Medicine Weight based daily 
dose (mg/kg)

Weight bands for patients older than 14 years

Weight groups (kg) 30–35 36–45 46–55 56–70 >70

Moxifloxacin (High dose) 10–15 400/600 600 600/800 800 800

Clofazimine 1 100 100 100 100 100

Ethambutol 15–25 800 800 1,200 1,200 1,200

Pyrazinamide 20–30 1,000 1,500 1,500 1,500 2,000

Amikacin 15–20 500 500 750 750 1,000

Ethionamide or 
prothionamide

15–20 500 500 750 750 1,000

Isoniazid (High dose) 15–20 600/1,000 1,000/1,500 1,500 1,500 1,500

Abbreviations: MDR, multidrug resistant; TB, tuberculosis; WHO, World Health Organization.
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with individualized longer regimen. They reported that 
treatment success rate was higher with the shorter regimen 
than with individualized longer regimen due to less loss to 
follow-up. The failure and relapse was slightly higher with 
shorter regimen and was greater in magnitude with baseline 
resistance to pyrazinamide, ethionamide/prothionamide or 
ethambutol. These finding also support the need to improve 
access to reliable drug susceptibility test.12 STREAM has 
recently expanded (stage 2) to test two additional shorter 
treatment regimens using bedaquiline.13 This expanded arm 
will evaluate a 9-month all-oral regimen without injections 
and an even shorter simplified 6-month regimen. It will 
finish enrollment of patients in 2018 and initial results are 
expected by 2021.

Longer Regimen for Multidrug-Resistant/Rifampicin-
Resistant Tuberculosis
In patients with MDR/RR-TB, a longer regimen of least five effec-
tive ATDs during the intensive phase is recommended, includ-
ing pyrazinamide and four core second-line ATDs, one chosen 
from group A (fluoroquinolones: levofloxacin, moxifloxacin, 
and gatifloxacin), one from group B (second-line injectable 
drugs: kanamycin, amikacin, and capreomycin), and at least 
two from group C (other core second-line drugs: ethionamide/
prothionamide, cycloserine/terizidone, linezolid, and clofazi-
mine). If the minimum of effective ATDs cannot be composed 
as above, one drug from group D2 (bedaquiline and delamanid) 
and other drugs from D3 (para-aminosalicylic acid,imi-
penem-cilastatin, meropenem, amoxicillin-clavulanate,  
and thioacetazone) may be added to bring the total number 
of drugs to five. The regimen may be further strengthened 
with rest of group D1 (high-dose isoniazid and/or etham-
butol). While streptomycin is not usually included with the 
second-line drugs, it can be used as the injectable drug of the 
core MDR/RR-TB regimen if none of the three other inject-
able drugs can be used and if the strain can be reliably shown 
not to be resistant. Thioacetazone should not be used if the 
patient is HIV seropositive. Intensive phase including inject-
ables should be given for at least 8 months for most patients 
which can be modified depending on the response of the 
patient. The total duration of treatment is at least 20 months 
which can be prolonged up to 24 months depending upon the 
response of the patient. Pyrazinamide is usually continued for 
the entire treatment, especially if there is extensive disease. If 
the patient has minimal disease, pyrazinamide can be stopped 
with injectables at end of intensive phase. Bedaquiline or dela-
manid are used for 6 months in intensive phase and are pres-
ently not recommended for whole treatment duration.7,14,15 
It is important that a single drug should never be added to 
a failing regimen and it is ineffective to combine two drugs 
of the same group or to add a drug potentially ineffective 
because of cross resistance. No drug should be kept in reserve 
and the most powerful drugs should be used initially and in 
maximum combination so as to ensure that first battle is won 
and won permanently. All patients initiated on treatment 
and their family members should be intensively counseled 
prior to treatment initiation and during all follow-up visits. 
To reduce the risk of development of resistance to second-line 

ATDs and promote optimal treatment outcomes, all efforts 
should be made to administer treatment under direct obser-
vation (DOT) over the entire course of treatment. If DOT is 
not possible, attempts to ensure treatment adherence should 
be made by checking empty blister packs during follow-up 
visits every month.16 All measures should be taken to per-
suade and encourage patients not to stop treatment despite 
all its discomforts, as it is the last resort that stands between 
life and death. Proposed regimen for MDR/RR TB is given  
in ►Table 3.

Table 3  Regimen for MDR/RR-TB, pre-XDR- and XDR-TB with 
and without new drugs

Type of regimen Treatment regimen in 
intensive phase

Treatment 
regimen in 
continuation 
phase

Conventional 
regimen for MDR/
RR-TB

(6–9 months) kanamycin, 
levofloxacin ethionamide, 
cycloserine, pyrazinamide, 
ethambutol

(18 months) 
levofloxacin, 
ethionamide, 
cycloserine, 
ethambutol

Regimen for MDR/
RR-TB + resistance 
to FQ class (with-
out new drugs)

(6–9 months) kanamycin, 
high dose moxifloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine

(18 months) 
high dose 
moxifloxacin, 
ethionamide, 
cycloserine, 
pyrazinamide, 
linezolid, 
clofazimine

Regimen for MDR/
RR-TB + resistance 
to SLI class (with-
out new drugs)

(6–9 months) capre-
omycin, levofloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine

(18 months) 
levofloxacin, 
ethionamide, 
cycloserine, 
linezolid

Regimen for MDR/
RR-TB + resistance 
to FQ class (with 
new drugs)

(6–9 months) kanamycin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine + (6 months) 
bedaquiline

(18 months) 
ethionamide, 
cycloserine, 
linezolid, 
clofazimine

Regimen for MDR/
RR + resistance to 
SLI class (with new 
drug)

(6–9 months) 
capreomycin,levofloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine + (6 months) 
bedaquiline

(18 months) 
levofloxacin, 
ethionamide, 
cycloserine, 
linezolid

Regimen for 
XDR-TB (without 
new drugs)

(6–12 months) 
capreomycin,high 
dose moxifloxacin, 
ethionamide, cycloserine, 
pyrazinamide, linezolid, 
clofazimine, ethambutol

(18 months) 
high dose 
moxifloxacin, 
ethionamide, 
cycloserine, 
linezolid, 
clofazimine, 
ethambutol

Regimen for 
XDR-TB (with new 
drugs)

(6–12 months) 
capreomycin, 
ethionamide, cycloserine, 
pyrazinamide, 
linezolid, clofazimine, 
ethambuto, + (6 months) 
bedaquiline

(18 months) 
ethionamide, 
cycloserine, 
linezolid 
clofazimine, 
ethambutol

Abbreviations: FI, fluoroquinolones; MDR, multidrug resistant;  
RR, rifampicin resistant; TB, tuberculosis; SLI, second line injectables; 
XDR, extensive drug resistant.



72 Treatment of Drug-Resistant Tuberculosis Prasad et al.

Annals of the National Academy of Medical Sciences  (India) Vol. 57 No. 2/2021 © 2020. National Academy of Medical Sciences (India).

WHO has recently revised the grouping of ATDs for use in 
MDR/RR-TB patients in 2018 into three groups (►Table 4), based 
on individual patient data meta-analysis of more than 13,000 
patients, depending on their individual efficacy, risk of relapse, 
treatment failure, and death,17 and advised for preferably all oral 
regimens for treatment of MDR/RR-TB.11,18,19 Drugs and their 
doses according to recent classification and weight bands are 
given in ►Table 5. Recent 2019 WHO consolidated guideline11 
suggested that MDR/RR-TB patients on longer regimens should 
have all three group-A agents and at least one group-B agent 
included to ensure that treatment starts with at least four ATDs 
likely to be effective and that at least three agents are included 
for the rest of treatment after bedaquiline is stopped. If only 
one or two group-A agents are used, both group-B agents are 
to be included. If the regimen cannot be composed with agents 
from Groups A and B alone, Group C agents are added to com-
plete the regimen. Kanamycin and capreomycin are not to be 
included in the treatment of MDR/RR-TB patients on longer reg-
imens. Government of India is in the process of adopting the 
changes based on this recent WHO guidelines and it has been 
proposed to use at least five drugs comprising bedaquiline (only 
for 6 months), levofloxacin, linezolid, clofazimine, and cycloser-
ine in the intensive phase of treatment for 6 to 8 months and 
four drugs consisting of linezolid, levofloxacin, clofazamine, 
and cycloserine in the continuation phase of treatment for 
12 months.

Treatment of Pre–XDR- and XDR-Tuberculosis
Proposed regimen for Pre–XDR-TB and XDR-TB14,15 with and 
without newer drugs are given in ►Table 3.

U.S. Food and Drug Administration (FDA) recently approved 
a new all oral regimen (BPal regime) for XDR-TB patients and 
those MDR-TB patients who cannot tolerate or do not respond 
to conventional MDR-TB regimen. Regimen comprise of three 
drugs namely bedaquiline, pretomanid, and linezolid for 6 to 
9 months. Nix-TB trial using BPal regimen in XDR-TB showed 
success rate of 90% as compared with the present success rate 
of 30%.20 Nix-TB study is an important step toward establishing 

Table 4  WHO revised grouping of TB medicines 2018

Group Medicine

Group A 
includes all 
three medi-
cines (unless 
they cannot 
be used)

Levofloxacin OR Moxifloxacin Bedaquiline
Linezolid

Group B adds 
both medi-
cines (unless 
they cannot 
be used)

Clofazimine
Cycloserine OR terizidone

Group C adds 
to complete 
the regimen 
and when 
medicines 
from groups 
A and B can-
not be used

Ethambutol

Delamanid
Pyrazinamide

Imipenem-cilastatin OR meropenem

Amikacin (OR streptomycin)

Ethionamide OR prothionamide

p-aminosalicylic acid

Abbreviations: TB, tuberculosis; WHO, World Health Organization.

Table 5  Drugs and doses used in DR–TB for patients older than 14 years (WHO DR–TB treatment 2018–19)

Medicine Weight-based daily 
dose (mg/kg)

Weight bands for patients older than 14 years

Weight groups (kg) 30–35 36–45 46–55 56–70 >70

Levofloxacin 10–15 750 750 1,000 1,000 1,000

Moxifloxacin 7.5–10 400 400 400 400 400

(High dose) 10–15 400/600 600 600/800 800 800

Bedaquiline 2–3 400 mg daily for 2 weeks
Then 200 mg thrice weekly for 22 weeks

Linezolid 10–12 300 450 600 600 600

Clofazimine 1 100 100 100 100 100

Cycloserine or terizidone 10–15 500 500 750 750 750

Ethambutol 15–25 800 800 1200 1200 1200

Delamanid 1.5 100 BD 100 BD 100 BD 100 BD 100 BD

Pyrazinamide 20–30 1,000 1,500 1,500 1,500 2,000

Imipenem cilastatin 25 2 g BD (to be used with clavulanic acid)

Meropenem 20 1 g thrice a day or 2 g twice a day (to be used with clavulanic acid)

Amikacin 15–20 500 500 750 750 1,000

Streptomycin 12–18 500 600/700 800/900 900 1,000

Ethionamide or 
prothionamide

15–20 500 500 750 750 1,000

p-amino salicylic acid 8–12 g/day in  
2–3 divided doses

4 g twice a day
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a truly “Universal Regimen” to which there is no preexisting 
resistance and could therefore treat all type of DR-TB patients, 
that is, MDR-TB, pre–XDR, and XDR-TB.
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Quality of research is determined by many factors and one such climacteric factor 
is sample size. Inability to use correct sample size in study might lead to fallacious 
results in the form of rejection of true findings or approval of false results. Too large 
sample size is wastage of resources and use of too small sample size might fail to 
answer the research question or provide imprecise results and may question the valid-
ity of study. Despite being such a paramount aspect of research, the knowledge about 
sample size calculation is sparse among researchers. Why is it important to calculate 
sample size; when to calculate it; how to calculate it and what details about sample 
size calculation should be reported in research protocols or articles; are the lesser 
known basics to majority of researchers. The present review is directed to address 
these aforementioned fundamentals about sample size. Sample size should be calcu-
lated during the initial phase of planning of study. Several components are required 
for sample size calculation such as effect size, type-1 error, type-2 error, and variance. 
Researchers must be aware that there are different formulas for calculating sample 
size for different types of study designs. The researcher must include details about 
sample size calculation in the methodology section, so that it can be justified and it 
also adds to the transparency of the study. The literature about calculation of sam-
ple size for different study designs is scattered over many textbooks and journals. 
Scrupulous literature search was conducted to find the passable information for this 
review. This paper presents the sample size calculation formulas in a single review in 
a simplified manner with relevant examples, so that researchers may adequately use 
them in their research.
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Introduction
Sample size is one of the key aspects of any research study. 
It is also one of the most overlooked part of clinical research. 
There are basically three reasons for it: (1) most of the 
researchers are not aware of importance of sample size;  
(2) the lack of knowledge about how to calculate sample size; 
and (3) due to the complex appearance of the mathematical 
formulas for sample size calculation, they are difficult to han-
dle without proper training or knowledge.

Several studies have done analysis of various research 
articles and found several errors related to sample size such 
as inadequate sample to answer research question and inap-
propriate formula used.1,2

Through this paper, we are trying to simplify the concepts 
of sample size calculation, so that the researchers are able 
to compute them in right manner in their research proj-
ects. Explicit literature search along with the experience of 
the authors was used in making this review veritable and 
interesting.

What Is Sample Size?
It is not practical, as well as feasible, to conduct a study on 
the whole population related to the study. Thus, the sample 
of population is used which adequately represent the pop-
ulation from which these samples are chosen. The results 
obtained from experimentation on these samples are consid-
ered as true inferences about the whole population.

Sample size is defined as the number of experimental or 
observational units required for any research. This experi-
mental or observational unit could be in the form of study 
subjects/patients, blood or visceral fluids or tissue, or a geo-
graphical area, like city, state, region, and country.

Why It Is Important to Have Adequate 
Sample Size?
The calculation of sample size is one of the crucial steps in 
planning any research. Failure in calculation of appropriate 
sample size may lead to false results or rejection of true find-
ing. The term “appropriate sample size” means that the sam-
ple size should be neither more or less than actually required 
to answer the research question. Both the cases of more or 
less than needed sample size are of ethical concern. If the 
sample size is small in a study, it might not be able to find 
the precise difference between the study groups and results 
of such study cannot be generalized to the population, since 
the sample is inadequate to represent the target population. 
In cases where the sample size is taken larger than required, 
more population is exposed to risk of intervention unneces-
sarily, and it also results in wastage of resources and time.

As mentioned earlier, inadequate sample size may give 
false results, for example, if one wants to evaluate the effect 
of drug A on fasting blood sugar (FBS), the patients will 
be divided into two groups, one receiving the drug A and 
another group receiving the standard drug or placebo. If we 
make two assumptions, in one scenario the drug A decreases 

the FBS by 5 mg/dL in comparison to standard drug and in 
another scenario the drug A decreases the FBS by 10 mg/dL  
in comparison to standard drug. One important criterion 
that will play crucial role here in the sample size calcula-
tion is the “effect size.” It is defined as the minimum dif-
ference that the investigator wants to detect between the 
study groups. It is also known as minimal clinical relevant 
difference. If effect size is high, less sample size will be 
required to prove the effect and if effect size is low, larger 
sample size will be needed. In this particular example, in 
one scenario, the effect size is 5 mg/dL, thus more patients 
in both groups will give statistically significant result. In 
the second scenario, effect size is larger, that is, 10 mg/dL, 
hence the lesser sample size will be required to find the 
statistically significant effect. Thus, if a study is planned 
with inappropriate sample size that gives negative results, 
the no significant difference could be due to true negative 
results or because of small sample size. Several negative 
studies are reported to have smaller sample size, these are 
termed as “underpowered studies.” Such studies might 
not contribute to the evidence-based medicine.3,4

When to Calculate Sample Size?

It should be calculated when the protocol for study is being 
prepared as it helps in determination if the study is feasible, 
ethical, and scientifically sound.

Steps for Sample Size Calculation

1. Formulation of research question:
An adequately formulated research question will have 
information about the Population under investigation, 
Intervention, Control group, and the Outcome measures 
(PICO).

Example, in patients with novel coronavirus disease 
2019 (COVID-19) whether drug A compared with drug B 
reduces the days of hospital stay. Here, as per PICO, “P” is 
COVID-19 patients, “I” is drug A, “C” is drug B, and “O” is 
number of days of hospital stay.

2. Stating the null and alternative hypothesis:
The null (H0) and alternative hypotheses (H1) are concise 
statements of possible versions of “truth” about the rela-
tionship between the predictor of interest and the out-
come in the population. The null hypothesis is used to 
state a lack of association between the predictor and the 
outcome; the alternative hypothesis states the existence 
of an association between predictor and the outcome. For 
example, your research question is: If the birth weight of 
neonates born to women consuming tobacco during preg-
nancy is less than those born to women not consuming 
tobacco during pregnancy?

In this example, according to H0 the birth weight of 
neonates born to women consuming tobacco in preg-
nancy is similar to neonates born to women not consum-
ing tobacco in pregnancy.
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According to H1 the birth weight of neonates born to 
women consuming tobacco in pregnancy is less than neo-
nates born to women not consuming tobacco in pregnancy.

3. Choosing the primary outcome and suitable statistical test 
applicable:
The sample size calculation is usually based on the pri-
mary objective of the study. Sample size determination 
is also related to the selection of the statistical test for 
data analysis as the calculation of sample size may also 
be based on the statistical tests that will be used for data 
interpretation.

4. Selecting significance level and power of study:
Discussed in “Prerequisites for Sample Size Calculation“ 
section of the article.

5. Calculating sample size manually using formulas or with 
statistical software.

Prerequisites for Sample Size Calculation
Most of the novice researchers often choose sample size 
based on the convenience, for example, if an orthopaedician 
wants to know the prevalence of osteoarthritis in a partic-
ular city. He or she will include all patients visiting his/her 
hospital in particular duration, for example, in 2 months. The 
issue with this selection of population that the patients of 
osteoporosis visiting that particular hospital may not be true 
representative of that city as there are many other hospitals 
in the city with more patients of orthopaedics visiting there.

The most common question that a researcher wonders 
about is what should be the adequate sample size to do a 
study? As mentioned earlier, for determining the sample size 
various statistical formulas are used. Application of these for-
mulas in sample size will require predetermined information 
regarding these four components. ►Table  1 shows how to 
establish these components for sample size calculation.

Level of Significance/Alpha Value/Type-1 Error
It is popularly known as p-value. It is defined as the proba-
bility of falsely rejecting the H0. For example, we are com-
paring two drugs for lipid lowering efficacy. First group 

receives drug A and second group receives drug B. Here, 
the H0 will be that there is no difference in lipid lower-
ing efficacy of these two groups and the H1 will be drug 
B that is more efficacious than drug A. If for this study, 
we consider that the p-value of 0.05 is significant, this 
will mean that we are assuming that there are 5% chances 
of detection of difference in the efficacy in two groups; 
when in the reality, there is no difference in efficacy of 
drug A and drug B at all, that is, the false positive results. 
For medical research, α-value of 0.05 is used (►Table  1). 
The matching confidence levels (CI) for the appropriate 
level of significance are: (1) CI 95% for the 5% (α/p = 0.05)  
level of significance and (2) CI 99% for the 1% (α/p = 0.001) 
level of significance.

Power/Type-2 Error
It is defined as the probability of finding the difference in 
two study groups if it actually exists. It is an essential tool 
to measure the validity of the study. Power is calculated 
from another type of error known as β error or type-2 error. 
Type-2 error detects false negative results which means it 
fails to detect the difference in two groups when actually the 
difference exists. The acceptable value of this error should 
also be decided by the researcher before initiating the study. 
Conventionally, the acceptable value of β error is 0.20, that 
is, 20% chances that the null hypothesis is wrongly accepted. 
Power of study is calculated as 1-β. So, if β is 0.20 then power 
is 0.8, that is, 80%. Thus, the power could be defined as proba-
bility of correctly rejecting the H0. It is usually kept above 80% 
for medical research (►Table 1).

Effect Size
As described earlier, effect size is the difference in the value of 
variable in the control group and the test group. If effect size 
is high, less sample size will be required to prove the effect 
and if effect size is low, larger sample size will be needed. 
(►Table 1) The effect size is a numerical value for continuous 
outcome variables, for example, comparing increases in hemo-
globin caused by drug A is 1 dL/mL and by drug B is 5 dL/mL.  
Thus, the effect size here will be 4 dL/mL. In case of binary 

Table 1  Components required for sample size calculation

Sr. no. Component What is it? Where to find it?

1 Type-1 error
(α-value)

False positive results due to due to probability 
of falsely detecting the difference when there 
is no actual difference (falsely rejecting null 
hypothesis)

It is usually taken as 0.05 or 0.01 for medical 
research

2 Power (1-β) Probability of correctly rejecting the null 
hypothesis. It is calculated from type-2 
error/β value. Power = 1-β

It is usually taken above 80% for medical 
research

3 Effect size The smallest clinically relevant difference in 
the outcome

From previous studies, pilot studies or by 
experience of researcher

4 Variance/standard deviation How dispersed or spread out the data values 
are, i.e., variability in outcome (e.g., Range, 
interquartile range, and standard deviation)

From previous studies, pilot studies or by 
experience of researcher

5 Dropout rate Anticipated percentage of patients that do 
not complete the study

From previous studies, pilot studies or by 
experience of researcher
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outcomes, the difference between the event rate between the 
two groups should be considered as effect size, for example, 
the development of anxiety as adverse effect by drug (yes/no), 
if the difference is 5% between both groups, then the effect 
size is taken as 5%. Effect size value for sample size calculation 
is warranted for analytical studies and not for descriptive or 
cross-sectional studies. Effect size value could be determined 
from the previously conducted studies, by conducting pilot 
study, or it could be based on the experience of the researcher.

Variance/Standard Deviation
If the endpoint used for the sample size calculation is quanti-
tative, then this parameter is required for comparative stud-
ies. Like effect size, the variance/standard deviation is also 
identified from the previously conducted studies, by con-
ducting pilot study, or it could be based on the experience of 
the researcher (►Table 1).

Dropout Rate
Dropout rate is estimation of number of participants who 
will leave the study due to some reasons. Thus, to compen-
sate for this possible dropouts, some extra patients need to 
be accommodated in sample size. It is calculated by the for-
mula (►Table 1) mentioned below:

N1=n/(1-d), where N1 is adjusted sample size,  
n is required sample size, d is dropout rate

The components mentioned above are required for calcu-
lation of sample size for almost all types of study designs. 
Besides these, there could be other parameters required 
as per study design, for example, for prevalence studies- 
precision/margin of error, and for clinical trials-pooled prev-
alence. Details on how to calculate them are given in relevant 
sections below.

Importance of Pilot Study
As mentioned earlier, for sample size calculation, various 
components, such as prevalence, variance, effect size, stan-
dard deviation, are derived from the previously published 
literature. Many a times such information is not found on lit-
erature search, in such cases pilot studies could be planned. 
Pilot study is a small-scale study conducted prior to actual 
large-scale study to assess the feasibility and scientific valid-
ity. It also serves a source of information required for sam-
ple size calculation for subsequent large study. If the results 
of pilot study show that the study is not feasible and useful 
then the idea of conducting larger study could be dropped 
out. This will help on saving time and resources.5

How to Calculate Sample Size?
There are different formulas for calculation of sample size 
for different study designs. It is a common mistake of not 

choosing the right formula as per the study design. In this 
article, we are explaining in detail about the sample size for-
mula for cross-sectional and clinical trials.

Cross-Sectional Studies
In such studies, data are collected at a particular time to 
answer questions about the status of population at that partic-
ular time. Such studies include questionnaires, disease prev-
alence surveys, meta-analysis, etc. Cross-sectional studies 
are also frequently used to show association.6 Cross-sectional 
studies usually involves estimation of prevalence and estima-
tion of mean.

For estimation of prevalence, the formula used is as 
follows:

Sample Size =
Z (1-�/2)2 p(1-p)

 d2

Where Z1–α/2 is the standard normal variate (1.96 at 5% error; 
►Table  2), p is the expected proportion in the population, 
and d is precision. Precision is measure of random sampling 
error. It is of two types as follows:

1. Absolute precision: it refers to the actual uncertainty in a 
quantity. For example, prevalence of tonsillitis in children 
is 20 ± 10%, the absolute uncertainty is 10%.

2. Relative precision: it expresses the uncertainty as a frac-
tion of the quantity of interest. For our example of a prev-
alence of 20 ± 10%, the relative uncertainty is 10 of 20%, 
which is equal to 2%.

Conventionally, absolute precision is taken as 5% if the prev-
alence of disease is expected to be between 10 and 90%. If 
the prevalence is below 10%, then the precision is usually 
taken half of prevalence and if the prevalence is expected to 
be more than 90%, the d is calculated as {0.5 (1-P)}, where P 
is prevalence.7

For example, a researcher wants to calculate the sample 
size for a cross-sectional study to know prevalence/propor-
tion of asthma in traffic police in a city, and as per the pre-
viously published study, the value of prevalence of asthma 
in traffic police in the city is around 10%, and the researcher 
wants to calculate sample size with the absolute precision 
of 5% and type-1 error of 5%.

Where, Z1–α/2 will be 1.96, 
p = 0.10 (percentage converted into the proportion)
d will be 0.05 (►Table 2).
Hence by putting the values in the above-mentioned for-

mula, the sample size will be as follows:

Sample size = ( ) −( )
( )

=
1 96 0 10 1 0 0 10

0 05
276

2

2

. . . .
.

This sample size can be adjusted for the non-response/
dropout rate. If nonresponse rate of 10% is expected then as 
per the formula mentioned under heading “dropout rate” in 
the earlier text.
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Adjusted sample size (N1) = n/(1-d)

Where N1 is adjusted sample size, n is required sample 
size, and d is dropout rate.

Corrected sample size = 276/([1– (10/100)] = 307

So, total of 307 traffic police men need to be screened for 
asthma for this study.

If the study involves estimation of mean in cross sectional 
study, then the formula for sample size calculation will be 
mentioned below:

Sample Size =
Z (1-�/2)2 SD2

 d2

Where, Z1–α/2 is the standard normal variate (1.96 at 5% 
error; ►Table  2), d is the precision of measurement with 
respect to the endpoint, and SD is the standard deviation, the 
value of which needs is extracted from the previously pub-
lished similar studies, internal pilot study, or from the expe-
rienced researchers working in the same area.

For example, estimation of average blood sugar level in 
last trimester of pregnancy in women with gestational diabe-
tes in a particular region is the study objective. On review of 
literature, a similar study was found with SD of 30 dL/mL. To 
calculate sample size based on this value of SD and with pre-
cision of 5 dL/mL around the true value of blood glucose in 
final trimester of pregnancy, when these values are inserted 
in the formula mentioned above:

Sample size = [(1.96)2 × (5)2)]/(3)2 = 138

Thus, the sample size needed for this study will be 138. 
It can be adjusted as per the expected dropout rate as men-
tioned in the previous section.

Clinical Trials
Clinical trial is the type of research that studies new tests 
and treatments and evaluates their effects on human health 
outcomes.8

In a clinical trial, the researcher could be calculating 
either difference between the proportion of two groups or 
difference between quantitative endpoint, that is the mean 
between two groups.

If the clinical trial involves estimation of qualitative end 
point between two groups, that is the difference between 
proportions, then the formula used for sample size calcula-
tion is:

Sample Size =
(p₁-p₂)2

2 (Z 1-�/2 +Zβ) 2p (1-p)

Where value of Z1–α/2 is the standard normal variate is 1.96 at 
5% error and Zβ is 0.842 at 80% power (►Table 2).
p1–p2 is the effect size, that is, the expected difference 
between two groups,

P is pooled prevalence calculated by adding prevalence 
is group 1 and prevalence in group 2 and then dividing the 
sum by 2.

As mentioned earlier, the value of effect size and pooled 
prevalence are calculated from previous studies, pilot study, 
or experience of researcher.9

For example, one wants to find out the effect of drug 
A on the mortality in patients with colon cancer. For this 
study, patients will be divided in two groups. One group 
will receive test drug A and another group will receive pla-
cebo, and the standard drug therapy will be given to both 
groups.

To calculate the sample size for this study, information 
required is expected difference between the two groups and 
the pooled prevalence. On searching literature, it was found 
that the normal mortality in the standard care treatment is 
20%. For drug A, since it is a new drug so the data are not avail-
able for mortality, thus by discussions with other researchers 
working on this, it was decided that a 50% reduction in the 
mortality can be considered to be clinically significant, and 
so the expected mortality in drug-A group is taken as 10%. 
Using these values, the effect size will be 10% (20–10) and 
pooled prevalence will be 15% (20 + 10 / 2). On conversion of 
the percentage to proportions, the effect size will be 0.10 and 
pooled prevalence will be 0.15. On adding these parameters 
in the formula, the sample size will be:

Sample size  =
+( ) −( )

( )
=

2 1 96 0 84 0 15 1 0 15
0 05

2852

. . . .
.

So, the sample size per group for this clinical trial would be 
285. This can be adjusted for drop rate as per the method 
mentioned earlier.

If in clinical trial, the estimation of the difference of quan-
titative endpoint between two groups is the objective, then 
the formula used for sample size calculation is:

Sample Size =
d2

2SD2 (Z1-�/2+Zβ)2

Where, Z1–α/2 is the standard normal variate is 1.96 at 5% error 
and Zβ is 0.842 at 80% power (►Table 2).

Table 2  Z-values for sample size calculation

Value Variance

α-Value Z1–α/2 (two sided)

0.01 (level of significance 1%) 2.58

0.05 (level of significance 5%) 1.96

0.10 (level of significance 10%) 1.64

α-Value Z1–α/2 (one sided)

0.01 (level of significance 1%) 2.33

0.05 (level of significance 5%) 1.65

0.10 (level of significance 10%) 1.28

β-Value Z1–β

0.01 (power 99%) 2.33

0.05 (power 95%) 1.65

0.20 (power 80%) 0.84
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Table 3  Sample size formula with interpretation for different study designs

Type of study Sample size formula Interpretation

Cohort study10,11

 
   

Sample Size = 

Z₁ �
2

{(1+ 1
m

p × (1 −  p)} +Z₁ − β

√{p₀ × (1−      ) p₁ (1−p₁)}]²
p₀
m
(p₀ − p₁)²

)
• Z1–β = it is the desired power = 0.84 at 80% power

• Z1–α/2 is the standard normal variate is 1.96 at 5% error

• p0 = possibility of event in controls, from previous studies

• p1 = possibility of event in experimental, from previous 
studies

• m = number of control subjects per experimental subject

• p = [p1+(m×p0)]/m+1

Case control 
studies10

Sample Size =
r (p₁ − p₂)2

(r+1)2 ×p(1-p)(Z₁-β+Z₁-��₂)2 • r = control to cases ratio (1 if same numbers of patient in 
both groups)
• p = proportion of population = (P1+P2)/2

• Z1–β = it is the desired power (0.84 for 80% power and 1.28 
for 90% power)

• It is the standard normal variate is 1.96 at 5% error

• P1 = proportion in cases

• P2 = proportion in controls

Diagnostic 
tests12,13

For determining Sensitivity:
Sample size = TP + FN
                                P

For determining Specificity:
Sample size = TN + FP
                             1– P

Where:

TP+FN = Z²xSensitivity (1-Sensitivity)
W²

W²TN + FP =
Z²xSpecificity (1-Specificity)

• Z is conventionally taken as 1.96 in lieu with 90% confi-
dence interval
• P is prevalence of rate of disease in study population
• W is maximum acceptable width of 95% CI, is convention-
ally taken as 10%.

*Specificity and sensitivity and p-values are inferred from the 
previous studies

Animal studies14,15 For one-way ANOVA design (for group comparison:
•Minimum number of patients /groups:

n
k

=
+

10
1

•Maximum number of patients /groups:

n
k

=
+

20
1

• k = number of groups
• n = number of patients per group
• r = number of repeated measurements

One within factor, repeated-measure ANOVA (one 
group, repeated measures):
•Minimum number of patients /groups:

n
r

=
−

+
10

1
1

•Maximum number of patients/groups:

n
r

=
−( )

+
20

1
1

• N = total number of patients
• k = number of groups
• n = number of patients per group
• r = number of repeated measurements
• If the study involves sacrificing of animals then the n 
should be multiplied by r.

One between, one within factor, repeated measures 
ANOVA (group comparison, repeated measurements):
•Minimum number of patients/groups:

n kr= +10 1/
•Maximum number of patients/groups:

n
kr

= +
20 1

• k = number of groups
• n = number of patients per group
• r = number of repeated measurements

Abbreviations: ANOVA, analysis of variance; CI, confidence interval.
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SD is the difference which is decided based on the previ-
ous study or by other means discussed earlier in text.

d is the effect size, that is, the expected difference between 
the two means which will be based on the previously avail-
able data.

For example, a new antidiabetic drug A is to be evaluated 
for reduction of the fasting blood glucose (FBG) level in com-
parison to the old antidiabetic drug B. For this study, diabetic 
patient will be randomly allocated to two groups, one group 
will be administered new drug A and the other group will 
receive drug B. Literature of previous similar studies suggest 
that the reduction of FBG by drug A is 20 dL/mL is more than 
drug A and the SD of the difference is 50 dL/mL. on entering 
the values in the formula:

Sample size =
2 50 1 96 0 84

20
98

2 2

2
( ) +( )

=
. .

Thus, the sample size needed for this study will be 98 in each 
group. Sample size may be adjusted to accommodate drop 
rate by the formula mentioned in earlier sections.

What to Mention in Research/Protocol/
Report about Sample Size
Reporting of details of sample size calculation is often dis-
regarded in research protocol, as well as the final research 
report/article. Contrary to it, is should be mentioned in 
details so that the authenticity of the sample size is verifiable  
(►Table 3).

The following information should be included in the study 
protocol for the example 1 mentioned above in the article

“Sample size was calculated based on the previously 
published study by Charan and Kantharia14 et al in which 
prevalence of diabetes was 20%. With the absolute precision 
of 5% points and type-1 error of 5%, the sample size was cal-
culated as 246. After adjusting the sample size for dropout 
rate of 10%, the final sample size was 274. The sample size 
was calculated manually by using the formula for cross-sec-
tional studies.”

Thus, the sample size section of the research protocol 
must contain two references: one for the study from where 
the prevalence of the disease is derived and another citation 
from where the formula for the sample size calculation is 
taken. Beside this, if any software is used for sample size cal-
culation then that too need to be mentioned.

Conclusion
Sample size calculation is one of the important aspects 
while planning a research and any laxity in its estimation 
may lead to misleading or incorrect findings. The important 
factors to be considered during calculation of sample size 

are: type of study, effect size, type of outcome, variance of 
outcome, significance level, and the power of test. Sample 
size calculation requires thorough review of the literature to 
determine some of the parameters such as prevalence and 
effect size. Sample size calculations should be explained in 
detail in study protocol and publication, so that it can be 
authenticated by anyone.
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Cryptosporidiosis is one of the major causes of diarrhea in immune-compromised 
individuals and children besides causing sporadic water-borne, food-borne, and zoo-
notic outbreaks. In 2016, Cryptosporidium species infection was the fifth leading cause 
of diarrhea and acute infection causing more than 4.2 million disability-adjusted life 
years lost besides a decrease in childhood growth. Human cryptosporidiosis is pri-
marily caused by two species/genotype: Cryptosporidium hominis (anthroponotic) 
and Cryptosporidium parvum (zoonotic) besides other six rare species/genotypes. 
Transmission intensity, genetic diversity, and occurrence of genetic recombination 
have shaped the genus Cryptosporidium population structures into palmitic, clonal, 
and epidemic. Genetic recombination is more in C. parvum compared with C. hominis. 
Furthermore, parasite–host co-evolution, host adaptation, and geographic segregation 
have led to the formation of “subtype- families.” Host-adapted subtype-families have 
distinct geographical distribution and host preferences. Genetic exchanges between 
subtypes played an important role throughout the evolution of the genus leading to 
“adaptation introgression” that led to emergence of virulent and hyper-transmissible 
subtypes. The population structure of C. hominis in India appears to be more com-
plex where both transmission intensity and genetic diversity are much higher. Further, 
study based on “molecular strain surveillance” has resulted newer insights into the 
epidemiology and transmission of cryptosporidiosis in India. The identification at the 
species and genotype levels is essential for the assessment of infection sources in 
humans and the public health potential of the parasite at large. The results of the 
study over three decades on cryptosporidiosis in India, in the absence of a national 
surveillance data, were analyzed highlighting current situation on epidemiology, 
genetic diversity, and distribution particularly among vulnerable population. Despite 
creditable efforts, there are still many areas need to be explored; therefore, the intent 
of this article is to facilitate future research approaches for mitigating the burden 
associated with this disease.
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Introduction
Cryptosporidium species, a protozoan parasite, infects the 
epithelial cells of the intestinal tract of humans and a vari-
ety of animals worldwide and one of the major causes of 
diarrheal disease in humans globally. Cryptosporidium spe-
cies, which belongs to the phylum Apicomplexa, was first 
described as a cell-associated organism in the gastric mucosa 
of mice in 1907 by E.E. Tyzzer.1 The genus Cryptosporidium 
was named so because of the absence of sporocysts within 
the oocysts, a unique difference from other coccidian para-
sites. This genus did not receive much attention for almost 
70 years, till two simultaneous reports of human crypto-
sporidiosis were published in 1976, one in an apparently 
healthy individual and other in an immune-compromised 
person.2,3 These two reports also set the tune of unique-
ness of Cryptosporidium species that it can infect both 
immune-competent and immune-compromised. With the 
emergence of human immunodeficiency virus (HIV) infec-
tion and acquired immunodeficiency syndrome (AIDS) pan-
demic, the incidence of cryptosporidiosis was increasingly 
recognized as the cause of severe life-threatening diarrhea 
in children as well as in immune-compromised individuals. 
In humans, immune-competent individuals usually experi-
ence self-limiting diarrhea. The self-limiting disease is often 
manifested by acute profuse watery diarrhea accompanied 
by abdominal pain and other enteric symptoms including 
vomiting, low grade fever, general malaise, weakness, fatigue, 
loss of appetite, nausea, chills, and sweats.4 In contrast, 
immune-compromised individuals, particularly those with 
HIV infection and other immunodeficiency disorders, often 
suffer from intractable diarrhea. Immune-compromised 
individuals predisposed to cryptosporidiosis includes HIV 
seropositive individuals with decreased CD4+ T cell count, 
patients with malignant disorders undergoing chemo-
therapy, T cell deficiency disorders like severe combined 
immunodeficiency, and hyper-immunoglobulin M syn-
drome, transplant recipients.5 Diarrhea tends to be much 
more severe in hosts having defects in either cell-mediated 
or humoral immunity. In a study of HIV patients, fulminant 
cryptosporidiosis occurred with CD4+ T cell count less than 
50 cells/µL.6 Extraintestinal cryptosporidiosis has also been 
reported causing pancreatitis, sclerosing cholangitis, cirrho-
sis, cholangiocarcinoma, and respiratory involvement.7 Of 
late, Cryptosporidium species were recognized as one of the 
important cause of diarrheal illness in children younger 
than 5 years of age with peak occurrence in children below 
2 years of age.8 Nosocomial infection by direct and indirect 
person-to-person transmission has also been well docu-
mented, causing secondary cases among roommates and 
family members.9 Animal-to-person (zoonotic) transmis-
sion primarily occurs among veterinarians and veterinary 
students as well as other people exposed to live stocks. 
Preweaned calves are considered to be an important source 
of zoonotic cryptosporidiosis.10

Cryptosporidium species has a complex asexual (merog-
ony) and sexual life cycle and the lifecycle is completed within 
the epithelial cells of small intestine and colon of the infected 

hosts with the developing stages present on luminal surface. 
Asexual and sexual reproduction of the parasite occurs within 
the extra-cytoplasmic vacuole. This results in production of 
merozoite that eventually infect the adjacent epithelial cells 
leading to generation of both thin and thick-walled sporu-
lated oocysts containing sporozoites. Sporozoites released 
from them infect the epithelial cells. Thick-walled oocysts 
excreted from infected individual are the infective stage and 
can survive for many months in temperate and moist condi-
tions, and are resistant to many common disinfectants, par-
ticularly chlorine-based disinfectants.11 Transmission occurs 
principally through the fecal–oral route, following direct or 
indirect contact with Cryptosporidium oocysts. The oocyst 
is responsible for the dissemination of the infection. It is of 
small size (4–8 μm); size may vary with different species 
and is environmentally robust.12 A single oocyst is sufficient 
to produce infection and disease in susceptible hosts.13 The 
infective dose is variable for different strains. The infective 
dose is 9 oocysts for TAMU, 87 for Iowa, and 1,042 for UCP 
strains.14 Infected hosts act as reservoirs, allowing the prop-
agation of the infection. It is now recognized that the infec-
tious dose as well as the duration and severity of illness are 
influenced by both etiological factors that include the species 
and strain of the parasite, as well as various host factors (age 
and immune status). Depending on the parasite species and 
the host’s immune competency, the prepatent period (time 
between infection and active oocyst shedding) is between 
1 and 3 weeks, whereas the patent period (duration of 
oocysts shedding) can range from several days to months or 
years15 and such long patency can lead to persistent infec-
tion and diarrhea. There are more than 38 known and few 
unnamed Cryptosporidium species, of which Cryptosporidium 
hominis (C. hominis) and Cryptosporidium parvum (C. par-
vum) are the two most common species that are responsible 
for nearly 90% of human infections. C. hominis is restricted 
to humans, whereas C. parvum can infect other mammals. 
Other six (6) species that have been associated with human 
infections include C. meleagridis, C. felis, C. canis, C. viatorum, 
C. muris, C. suis, C. andersoni, and C. corvine.16 C. hominis and 
C. parvum differ in their host range, genotype, and pathoge-
nicity. The burden of disease from cryptosporidiosis varies 
substantially between and within countries/areas. Some 
of the accumulating data have suggested that there can be 
variations in the clinical manifestations of cryptosporidio-
sis according to the infecting Cryptosporidium species/gen-
otype or subtypes.17,18 Three major clinical presentations in 
immune-competent individuals include asymptomatic car-
riage, acute diarrhea, and persistent diarrhea. The incubation 
period may vary from 3 to 14 days and the illness is usually 
self-limiting.19 Other symptoms include malaise, fatigue, 
anorexia, pyrexia, abdominal pain, nausea, vomiting, and 
weightloss.20 Oocysts may continue to be shed in the feces 
following cessation of diarrhea for 7 days (range: 1–15 days). 
The clinical presentation of cryptosporidiosis leads to severe 
diarrhea in immune-compromised individuals.

Tinctorial stains such as auramine-phenol, safranin, and 
modified acid-fast staining methods are commonly used to 
detect Cryptosporidium oocysts in fecal specimens. However, 
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these staining techniques, although cost-effective and spe-
cific, have been reported to be relatively less sensitive com-
pared with immunoassays and polymerase chain reaction 
based assays.21 With the limited availability of the treatment 
options, control of the disease relies mainly on the knowl-
edge of the biology and transmission of the different species 
of Cryptosporidium.11

Since the first report of human cryptosporidiosis in 
India,22 human cases have continued to increase underpin-
ning many newer aspects and insights with promising prog-
ress. The present analyses describe the trend of laboratory 
confirmed human cryptosporidiosis in India over a period of 
more than three decades and focuses on source of infection, 
mode of transmission, risk factors, and distribution of the 
disease and genetic characteristics of Cryptosporidium spe-
cies in different parts of the country.

Materials and Methods
There has been a significant addition of literature to the inci-
dence and prevalence of human cryptosporidiosis in India. 
Laboratory confirmation using microscopy or by molecular 
methods was used to meet the case definition for crypto-
sporidiosis. A systematic search about all relevant published 
abstracts and full texts published in English language on 
human cryptosporidiosis before January 2020 was conducted 
and all research articles were analyzed. All the selected 
research articles were classified under following contents 
such as (a) number of publications per year, (b) state-specific 
studies, and (c) different aspects of cryptosporidiosis. Various 
demographics such as age, sex, clinical manifestations (diar-
rhea, weight loss, etc.), laboratory diagnosis and genotype(s), 
and subtype(s) association were studied in detail.

Results and Discussion
Based on the search strategy, nearly hundred published 
reports from different parts of the country addressing rele-
vant information associated with Cryptosporidium infections 
in India were included. Based on number of publications 
per year, annual publication frequency was determined. 
From 1990–2001 to 2010, publication was higher mostly 
reporting about prevalence and thereafter some thematic 
papers with particular concepts along with study on molec-
ular aspects brought the new knowledge and insight about 
cryptosporidiosis.

Human Cryptosporidiosis
Cryptosporidium’s unusual location within the host cell, 
sequestered between the cell cytoplasm and cell membrane, 
its ability to autoinfect through “thin walled” oocysts within 
the intestine, its innate antimicrobial resistance, and general 
lack of host specificity (especially in C. parvum) are some of the 
unique features that distinguish it from other enteric protozoa.

Prevalence of Cryptosporidiosis
Prevalence rate of Cryptosporidium infection ranges from 
less than 1% to more than 30% worldwide. The prevalence of 

Cryptosporidium species in humans is reported to be 0.3 to 
4.3% in North America, 0.1 to 14.1% in Europe, 1.3 to 13.1% in 
Asian countries, 2.6 to 21.3% in African countries, 3.2 to 31.5% 
in central and South American countries.23 Studies have 
shown that cryptosporidiosis is more common in devel-
oping countries (5% to >10%) than in developed coun-
tries(<1–3%).11,24 According to the US surveillance of 
cryptosporidiosis (2009–2010), the rate of reported cases 
was 2.5 and 2.9% per 100,000 populations in 2009 and 
2010 respectively.25 In England and Wales, an average of 
4500 laboratory identified cases were reported each year 
since 1998 to 2008.26 The reported prevalence of C. hominis 
is more than C. parvum in the developing world including 
India,27,28 whereas C. parvum has been reported to be the 
prevalent species in western countries and also in many of 
the middle eastern countries including Kuwait (94%), Iran 
(74 and 75%), and Jordan (50%).29 In India, variable prevalence 
was observed in different studies and in different popula-
tions, such as HIV-positive and negative adult patients with 
diarrhea, children under 5 years of age with acute and per-
sistent diarrhea, and other groups such as in cancer patients 
and transplant recipients.

Geographical and Seasonal Distribution
Epidemiologic surveys indicate that human cryptosporid-
iosis is distributed worldwide both in urban and rural pop-
ulations.30 Geographic differences that exist in the disease 
burden are attributable to distribution of C. hominis and C. 
parvum. C. hominis has been shown to be more prevalent 
in North and South America, Australia, Japan, Africa, and 
other developing countries,27 suggesting that the anthro-
ponotic transmission is of greatest importance in these 
regions. However, C. parvum is the predominant species 
in United Kingdom, Northern Ireland, France, Switzerland, 
Portugal, Slovenia, Czech Republic, and New Zealand.10 The 
seasonal differences in the distribution of cryptosporidiosis 
have been described from various regions of the world that 
also vary with geographical locations. It has been observed 
that C. hominis is highly prevalent in autumn in the United 
Kingdom and New Zealand, whereas C. parvum is more prev-
alent during spring in Canada, Ireland, and the Netherlands. 
This is believed to be related to increased exposure to ani-
mal oocysts following the calving and lambing season for 
C. parvum, as well as to increased travel, exposure to water, 
and attendance at day care centers for C. hominis.10 In China, 
it has been observed that increase in temperature and pre-
cipitation was considered to be associated with an increase 
in the incidence of cryptosporidiosis. It was also observed 
that in moist tropical climates, precipitation was a strong 
seasonal driver for cryptosporidiosis; in contrast, in tem-
perate climates, the incidence of cryptosporidiosis peaked 
with the increase in temperature.31 In India, the incidence 
of cryptosporidiosis among children residing in the more 
temperate northern parts of India correlated positively with 
temperature and negatively with humidity, but correlations 
were not observed for children residing in the more tropi-
cal southern region.18 Effect of climate and meteorology on 
cryptosporidiosis was studied by Jagai et al,31 who developed 
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a meta-analysis framework to assess the link between envi-
ronmental exposure to protozoa via drinking and recre-
ational water and cryptosporidiosis infection. The study 
observed a marked increase in cryptosporidiosis infection 
during warm and rainy seasons. Regardless of above report, 
the seasonal patterns and distributions are incomplete and 
remain to be studied extensively to explore transmission 
dynamics of this disease.

Cryptosporidiosis in Vulnerable Groups
1. Cryptosporidiosis in HIV-infected adults
Cryptosporidiosis is one of common opportunistic infections 
among immune-compromised individuals. The prevalence of 
cryptosporidiosis in HIV-infected patients with diarrhea has 
been reported to differ in range depending on the population 
studied, degree of immune-suppression, and use of antiret-
roviral therapy (ART). Reports on the prevalence of crypto-
sporidial diarrhea in HIV infected adults from different parts 
of India from the mid-1990s have ranged from 0.7 to 83% in 
symptomatic and from 1.4 to 57% in asymptomatic individu-
als.32,33 In a study conducted between March 2002 and March 
2007 at National AIDS Research Institute, Pune, India, by 
Kulkarni et al,34 intestinal parasites were detected in 35% of the 
HIV infected patients, of which 12% (16 of 137) were infected 
with Cryptosporidium species. Vignesh et al35 reported an 
overall prevalence of 2.9% of Cryptosporidium in HIV-infected 
patients between 2003 and 2006 from Southern India. The 
prevalence percentage in HIV infected patients from other 
parts of India is 20% (9/45) from Kashmir,36 19% (19/100) from 
Ahmedabad,37 17.2 (7/43) and 20.6% (7/34) from New Delhi,38,39 
25% (28/111) from Vellore,28 28.7% (23/80) from Madurai,40 
9.64% (32/332) from Maharashtra,41 and 39.8% (146/366) from 
Varanasi.42 In some of North Eastern states, the prevalence 
of Cryptosporidium in HIV-infected people was reported to 
be higher than 70.0%,43 though the study had included very 
small number of patients. The results of many of these studies 
have indicated that HIV-infected individuals had a low CD4+ 
cell count in almost 50% of cases. The species C. hominis and 
C. parvum were primarily responsible for cryptosporidiosis in 
HIV-infected patients in our country. Others species that have 
been confirmed as human pathogens in HIV patients in India 
are C. meleagridis28,44 and C. viatorum.45 A comparatively large 
proportion of individuals infected with C. meleagridis have been 
observed in Haiti46 and Peru.47 Some of the relatively recent 
studies on HIV infected patients also showed similar trend 
with reference to cryptosporidiosis.48,49 Asymptomatic cryp-
tosporidial infection in HIV population is under-appreciated 
and in few HIV-infected cases extraintestinal manifestations 
like biliary, pulmonary, and middle ear involvement have been 
described in AIDS patients.50 Introduction of the highly active 
antiretroviral therapy (HAART) has had a remarkable impact 
both on reduction in occurrence and clinical course of cryp-
tosporidiosis. In a multinational cohort study of HIV-positive 
individuals from Australia and 10 European countries, con-
ducted during 1997 to 2001 and 1994 to 1996, showed 
significant HAART-induced decrease in progression to cryp-
tosporidiosis (3.1 to 0.2%).51 To some extent, similar observa-
tions have also been noted in our country.

2. Cryptosporidiosis in Children
Cryptosporidium species have been recognized as one of 
the leading causes of moderate-to-severe diarrhea particu-
larly in children younger than 5 years of age.52 Initial studies 
before 1990 from the country reported increased detection 
of cryptosporidium from Children.22,53-56 These studies were 
based on staining techniques results. The very first study 
from Vellore22 showed parasite Cryptosporidium in 13.1% 
children under 6 months of age with acute diarrhea and 
in 9.8% age-matched controls. The study is of significance for 
the fact that symptomless individuals may get colonized by 
Cryptosporidium species. Around the same period, study from 
Calcutta (Present Kolkata), Cryptosporidium was detected 
as the only pathogen in 18 (4.47%, 18/402) children below 
9 years of age and diseases were self-limiting.53 Subsequently 
many case reports and series were reported from nearly all 
parts of the country.55,57,58 Stratifying the children as HIV sero-
positive with and without diarrhea, the reported prevalence 
is 20 and 14%, respectively.38 Hospital and community-based 
studies have reported Cryptosporidium as the cause of pediat-
ric diarrhea, in 1.3 to 18.9%. A prevalence rate of 67% has been 
reported by Sarkar et al in children belonging to a semiurban 
community in southern India59 and 27% by enzyme-linked 
immunosorbent assay in a study conducted in Delhi.60 In 
developing countries, prevalence of Cryptosporidium in diar-
rheal children under 5 years reflect both exposure and immu-
nity. Mortality in children under 5 years of age in developing 
countries due to cryptosporidiosis is 30 to 50%.61

Besides C. hominis, C. felis and C. parvum (mouse genotype) 
have been reported from India.28 C. meleagridis1/35 (2.9%) 
and C. muris1/35 (2.9%) have also been detected in Saudi 
Arabia.62 Differences in the distribution of Cryptosporidium 
genotypes in humans are considered as an indication of dif-
ferences in infection sources. Detection of C. parvum in some 
populations has been considered to be the result of zoonotic 
transmission but recent subtyping studies have shown that 
not all C. parvum infections in humans are the result of zoo-
notic transmission. Among the C. parvum GP60 subtype 
families identified, alleles IIa and IIc are the two most com-
mon types. The former has been identified in both humans 
and ruminants, whereas the latter has been seen only inhu-
mans.63 Asymptomatic cryptosporidiosis in children in India 
has been reported within a range of 0 and 9.8%. These findings 
emphasize the lack of correlation between disease severity 
or symptoms and Cryptosporidium infection that may per-
sist beyond the clinical illness. Community-based studies in 
India are lacking, and differences between rural and urban 
population have not been studied intensively and extensively 
except two studies.57,59 Generally, people living in rural areas 
are expected to have higher prevalence of Cryptosporidium 
related to poor sanitation conditions in most of rural areas, a 
lack of necessary general health knowledge, and health hab-
its of people.

In contrast to many studies related to childhood cryp-
tosporidiosis, persistent diarrhea due to cryptosporidio-
sis and malnutrition have been increasingly reported from 
Africa.64 The exact degree to which malnutrition and diar-
rhea are associated with cryptosporidiosis is not known; 
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however, they are assumed to have a complex bidirection-
alrelationship.65 Notably, a correlation between early child-
hood cryptosporidiosis and growth reduction or even failure 
has been identified particularly in children younger than 
12 months, in addition to long-term cognitive deficits and 
impaired physical fitness later in life.66,67 Only study from 
India has shown association between malabsorption and 
coccidian parasites.68

Cryptosporidiosis in Transplant Recipients
Reports of cryptosporidiosis prevalence varied widely depend-
ing on the non-HIV population examined. Enteric infections in 
65 patients undergoing bone marrow transplantations (BMT) 
with diarrhea were studied.69 Enteric pathogens were found in 
60% of patients before or after transplantations. Cryptosporidium 
species did contribute significantly to morbidity besides many 
bacterial and rotavirus infections in this study. Cryptosporidial 
infection was first reported in a renal transplant patient by  
Weisburger et al70 in 1979. In India, 60 living renal transplant 
recipients were examined, of which 12 patients (20%) had 
cryptosporidium oocysts including 16.6% who had symptom-
atic diarrhea. Patients responded well to spiramycin (2 g/day 
for 10 days).71 In a retrospective analysis, it was observed that 
9% (119/1235) renal transplant recipients developed diarrhea, 
and Cryptosporidium was found in 34/119 (28.5%). Nine of 
680 (1.3%) patients were on a cyclosporine (CSA)-based reg-
imen, and 25/643 (3.8%) patients were on a tacrolimus (Tac)-
based regimen. It was observed that relative risk of developing 
Cryptosporidium infection was lower on the CSA-based regi-
men, compared with the Tac-based regimen (odds ratio: 0.35, 
95% confidence interval: 0.17–0.72, p = 0.003). Patients with 
Tac and mycophenolate mofetil combination therapy had a 
significantly high risk of Cryptosporidium infection.72 We con-
ducted a study from 38 transplant recipients comprising 29 
postrenal, two liver, and seven BMT recipients presenting with 
diarrhea and 50 transplant recipients (42 postrenal transplant, 
eight BMT) without diarrhea. Presence of intestinal parasites 
was examined by light microscopy and multilocus genotyping 
of Cryptosporidium species was analyzed. Twenty-one percent 
(8/38) patients were positive for Cryptosporidium species. 
Multilocus genotyping of Cryptosporidium species detected 
four isolates of C. hominis; two of C. parvum, one of mixed 
genotype, and genotype of one could not be ascertained. 
All the C. hominis isolates were detected in adult postrenal 
transplant (PRT) recipients, whereas the C. parvum isolates 
included a child with BMT and an adult with PRT.73 In an 
another study from Lucknow, 358 renal transplant recipients 
and 200 healthy controls were examined that showed positiv-
ity of 8.4% (30/358) in former group and none from controls  
(p < 0.001). C. parvum was identified in (33.3%) and C. hominis 
in 20/30 (66.7%).74

Cryptosporidiosis in Cancer Patients
Cancer patients often experience transient or constant 
impairments in immunity due to administration of chemo-
therapeutic drugs. Prevalence of cryptosporidiosis in cases of 
malignant disorders in India has been reported to be 0.375 and 
1.3% (7/560).76 A recently published case–control study from 

China has shown occurrences of Cryptosporidium species in 
patients with digestive malignancies before chemotherapy. 
The infection rates of Cryptosporidium spp. in colorectal, 
esophageal, liver, and small intestine cancers were 17.24% 
(20/116, p < 0.01), 6.25% (⅙, p < 0.029), 14.29% (1/7, p < 0.001), 
and 40% (⅖, p <0.001). All the Cryptosporidium spp. obtained 
were C. parvum, suggesting potential zoonotic transmission. 
The other notable findings observed were the plausible asso-
ciations of subtypes IIaA15G2R1 and IIaA15G2R2 in patients 
with colorectal cancer and IIaA13G2R2 subtype with both 
colorectal and liver cancers.77

Food- and Water-Borne and Respiratory 
Cryptosporidiosis
Cryptosporidium has been incriminated in many water-borne 
outbreaks. There were reports of 19 outbreaks in United 
Kingdom and United States between 1984 and 1996, affect-
ing an estimated number of 427,100 individuals. By the 
end of 2016, at least 524 water-borne outbreaks of crypto-
sporidiosis have been reported globally, including drinking 
and recreational water.78 Cryptosporidium oocysts have been 
detected in surface water. The commonness of fecal wastes 
from human and nonhuman hosts suggests that many envi-
ronments, particularly water and soil, act as vehicles for the 
spread of the disease. The oocysts have also been identified as 
contaminations in different types of food, mainly on numer-
ous fresh vegetables and fruits, and at least 26 food-borne 
outbreaks have been reported worldwide.79 In India, no study 
has been performed till date to ascertain, if at all there are 
any food and water-borne outbreaks.

Respiratory cryptosporidiosis has been reported in 
immunocompromised patients as well as in children and 
was supported by experimental intranasal infection of pig-
lets. The symptoms associated with this route are respira-
tory (laryngo-tracheitis) and could be accompanied by mild 
diarrhea. Reports of cryptosporidial infections of the respi-
ratory tract80 as well as gastric cryptosporidiosis81 among 
immune-deficient and immune-competent individuals 
have indicated that this protozoan is not restricted only to 
the gastrointestinal tract rather exhibits extraintestinal tro-
pism. Two reports of respiratory cryptosporidiosis, one in 
an adult82 and the other in a 10-year-old child, have been 
reported in India.83

Molecular Epidemiology of Cryptosporidiosis
Despite the high prevalence of cryptosporidiosis in develop-
ing countries, genetic characterization of Cryptosporidium 
species has not been studied extensively in India except 
few.18,27,84,85

Cryptosporidium Species and Their Genotypes in 
Humans
Genotyping tools based on DNA sequences of different anti-
gens and housekeeping genes have identified C. hominis and 
C. parvum species primarily responsible for infections in 
both immune-competent and immune-compromised indi-
viduals.86 Studies using small subunit ribosomal RNA have 
revealed presence of C. canis, C. felis, and C. meleagridis in 
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AIDS patients in the United States, Kenya, Thailand, Peru, 
and many European countries.87,88 Likewise, some puta-
tive human C. muris infections have been reported from 
immune-compromised patients from different parts of 
the world including India.27 Similarly, C. cervine and C. suis 
have been reported from Canada and United States, respec-
tively.89,90 Above-mentioned reports signify presence of wide 
spectrum of zoonotic infections in different geographic 
regions. Recently C. andersoni was identified in a few spo-
radic cases of cryptosporidiosis and was the predominant 
species (79.59%,78/98) in diarrheal patients from Assam in 
India.91

Subtyping (subgenotyping)
Thus, molecular methods, besides diagnosis, have also been 
applied for differentiation of Cryptosporidium at subtype 
level.86 Identification of the isolates at the subtype/subge-
notype level is useful for understanding of the population 
structure of Cryptosporidium species.92 One of the popular 
subtyping tool is the DNA sequence analysis of the variable 
fragment of the gene encoding a sporozoite surface glycopro-
tein gp60 (also called cpgp40/15 or gp40). The gp60 gene is 
similar to microsatellite sequence by having tandem repeats 
of the serine-coding trinucleotide TCA, TCG, or TCT at the 50 
(gp40) end of the gene. However, in addition to variations 
in the number of trinucleotide repeats, there are extensive 
sequence differences in the nonrepeat regions, which cat-
egorize C. parvum and C. hominis each to several subtype 
families. Sequence analysis of gp60 gene is widely used in 
Cryptosporidium subtyping because of its sequence hetero-
geneity and relevance to parasite biology. It is the single most 
polymorphic marker identified so far in the Cryptosporidium 
genome. gp60 is located on the surface of apical region of 
invasive stages of the parasite, and is one of the dominant tar-
gets for neutralizing antibody responses in humans.93 Thus, 
it is possible to link biologic characteristics of the parasites 
and clinical presentations with the subtype family identity. 
Nomenclature of gp60 subtypes starts with the subtype fam-
ily designation Ia, Ib, Id, Ie, If, etc. for C. hominis, and IIa, IIb, 
IIc, IId, etc. for C. parvum, respectively. Some of the C. par-
vum subtype families, such as IIa and IId, are found in both 
humans and ruminants. C. parvum subtype type families, 
especially IIc, have been reported in humans.10,94 In an Indian 
study,95 conducted at three different centers (Vellore, Trichy, 
and Delhi), subtypes Ia and Ie were the most commonly 
identified subtypes among the C. hominis-infected children, 
followed by subtypes Ib and Id. “If” subtype, however, was 
reported mainly in Delhi, with only one instance from Vellore. 
Restriction fragment length polymorphism patterns sugges-
tive of mixed infection with Ia and If were also reported in 
one child from the Delhi. Among the seven children with C. 
parvum infection, one each with subtypes IIc and IId was 
identified in the Delhi. Sequencing and phylogenetic analysis 
showed the presence of a newly identified subtype, “IIm” in 
the southern centers, that is, in Vellore and Trichy (numbers 
T415 and V740), and another previously unreported subtype, 
named IIn in accordance with current nomenclature con-
ventions,96 in the Vellore center (numbers V416 and V640). 

However, no significant difference in severity of diarrhea 
among children infected with C. hominis subtypes Ia, Ib, Id, 
and Ie was noted. A trend toward association of shorter dura-
tion of diarrhea with subtype Id than with the other subtypes 
was observed. Similarly, there was a trend toward association 
of older age with subtype Ia than with other genotypes.

Differences in molecular epidemiology of C. hominis 
between the developing and developed countries have been 
noticeable. In developing countries, the complexity of C. 
hominis infections in humans is reflected by the occurrence of 
multiple subtype families and multiple subtypes within fam-
ilies Ia and Id. Thus, three to four different C. hominis subtype 
families have been reported in humans in India.27,28 Extensive 
C. hominis heterogeneity in developing countries is an indi-
cator of intensive and stable cryptosporidiosis transmission 
in these areas. Four common C. hominis subtype families, Ia, 
Ib, Id, and Ie, are usually seen in humans in developing coun-
tries. However, there are geographic differences in the distri-
bution. For example, all the four common subtype families 
were seen in children and HIV seropositive adults in India. 
Within each subtype family, one subtype is frequently seen 
in certain areas but not in others. For example, there are only 
two common subtypes within the C. hominis subtype fam-
ily i.e., IbA9G3 and IbA10G2. The former is commonly seen 
in Malawi, Kenya, and India, whereas the latter is commonly 
seen in South Africa, Botswana, Jamaica, and Peru.47,97 The 
high virulence of the Ib subtype family in immune-competent 
persons is also reflected in the number of outbreaks caused 
by the parasite. Almost half of the C. hominis outbreaks in 
the United States, especially the major ones, were caused 
by the Ib subtype family, particularly the IbA10G2 subtype. 
IbA10G2 is apparently a major C. hominis subtype responsi-
ble for cryptosporidiosis outbreaks in Europe.98

Genotypes and subtypes along with clinical association 
have been shown in ►Tables 1, 2, and 3.

Multilocus Sequence Typing
This technique further allows the detection of length poly-
morphisms and nucleotide substitutions due to use of micro-
satellite and minisatellite markers and the single nucleotide 
polymorphisms (SNP), respectively.

Various markers that have been used over the years 
for multilocus sequence typing (MLST) include 70 kDa 
heat-shock protein (HSP70) in chromosome 2, T-rich frag-
ment (designated Chrom3T) coding for a hypothetical 
protein-cgd630 in chromosome 3, and the following genes 
in chromosome 6 that are 60 kDa glycoprotein (GP60), 
47 kDa protein (CP47), serine repeat antigen (MSC6–7), 
mucin-like protein (Mucin1), 56 kDa trans-membrane pro-
tein (CP56), 47-kDa protein (CP47 microsatellite), a serine 
repeat antigen (MSC6–7 minisatellite), a hypothetical retini-
tis pigmentosa GTPase regulator (RPGR minisatellite), and a 
hydroxyproline-rich glycoprotein (DZHRGP minisatellite and 
microsatellite).84 Of these, the most polymorphic is the glyco-
protein gene GP60. At the GP60 locus, subtype nomenclature 
is based on the combination of the number of serine coding 
trinucleotide repeats TCA, TCG, or TCT present in the micro-
satellite region and the SNP in the rest of the sequence.99 The 
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Table 1  Worldwide distribution of Cryptosporidium genotypes and subtypes

Country Cryptosporidium spp. Subgenotype Subtypes Reference

Ontario C. hominis (40%)
C. parvum (50%)
C. cervine Genotype (10%)

Ia, Id, Ie, IIa, IaA19R3, IaA23R4, IdA19, 
IeA11G3T3

IIaA17G2R1 (2), IIaA16G3R1 
(1), IIaA15G2R2 (1)

 Trotz-Williams, 
2006100 

Jamaica C. hominis (73.5%)
C. parvum (20%)
C. canis (2.9%)
C. felis (2.9%)

Ib, Ie, IIc IbA10G2 (22)
IeA12G3T3 (3)

IIcA5G3d (7) Gatei et al, 200897

Mexico C. hominis (83.3%)
C. parvum (16.7%)

Ia, Ib, Id, Ie, IIa IaA14R3(2), IaA15R3 (3), 
IbA10G2 (1), IdA17 (1), 
IeA11G3T3 (3)

IIaA15G2R1(1) IIaA16G1R1(1) Valenzuela et al, 
2014101

Portugal C. hominis (35.7%)
C. parvum (64.3%)

Ia, Ib Id, Ie, If
IIa, IIb, IIc, IId

IaA19R3(1), IbA10G2(10)
IdA15(1), IeA11G3T3(2)
IfA14G1(1)

IIaA15G2R1 (9), IIbA14(1)
IIcA5G3a (1), IIcA5G3b(6)
IIdA17G1(2), IIdA19G1 (3)
IIdA21G1(2), IIdA22G1(1)

Alves et al, 2006102

Brazil C. hominis (63%)
C. parvum (14.8%)
C. felis (18.5%)
C. canis (3.7%)

Lucca et al, 2009103

Brazil C. hominis (57.1%)
C. parvum (14.2%)
C. meleagridis (14.2%)

Bushen et al, 2007104

Peru C. hominis (73%)
C. parvum (11.3%)
C. meleagridis (8.8%)
C. canis/C. felis (6.2%)
C. suis (0.5%)

Ia, Ib, Id, IIc IaA12R3 (1), IaA12R4 (5)
IaA12R5 (3), IaA13R2 (1)
IaA13R6 (1), IaA13R7 (9)
IaA13R8 (12), IaA14R7 (2)
IaA17R6 (1), IbA10G2 (35)
IbA13G3 (4), IdA10 (25)
IdA12 (2), IdA15G1 (1)
IdA20 (12), IeA11G3T3 (13)

IIcA5G3a (16), IIcA5G3b (4)
IIcA5G3c (2)

Cama et al, 200717

Peru C. hominis (70%)
C. parvum (13.3%)
C. meleagridis (7.8%)
C. canis (1.5%)
C. felis (4.7%)
C. hominis & C. parvum 
(1.5%)
C. canis &  C. meleagridis 
(0.7%)

IaA11R4 (3), IaA12R4 (7)
IaA13R4 (1), IaA13R7 (1)
IaA14R6 (5), IaA15R3 (3)
IbA10G2 (23), IdA10 (9)
IdA15 (1), IdA20 (2)
IeA11G3T3 (19)

IIcA5G3a (12), IIcA5G3b (1)
IIcA5G3c (1)

Cama et al, 200847

Australia C. hominis (53.6%)
C. parvum (46.3%)

Ib, Id, IIa IbA10G2, IbA9G2
IdA26, IdA15

IIaA18G3R1, IIaA17G3R1
IIaA20G5R1, IIaA20G3R1
IIaA17G4R1, IIa16G3R1

Waldron 2009105

Australia Ib, IIa IbA10G2R2, IbA15G1R2
Ib2A18G1R4

IIaA18G3R1, IIaA20G3R1
IIaA23G3R1, IIaA23G3R1
IIaA5G3R2

Jex et al, 2007106

Australia C. hominis (42.8%)
C. parvum (57.2%)

Ib, IIa IbA10G2, IbA15G1 IIaA17G2R1, IIaA18G3R1 
IIaA19G3R1, IIaA20G3R1

Ng et al, 2008107

Australia C. hominis (78.6%)
C. parvum (19.8%)
C. meleagridis (1.6%)

Ib, Id, Ie, If, Ig
IIa, IId

Ng et al, 2010108

Australia C. hominis (82%)
C. parvum (18%)

Ia, Ib, Id, If, 
IIa, IIc

IaA23 (1), IbA5G2T3 (1)
IbA9G2 (1), IbA9G2T1 (1)
IbA10G2 (21), IdA15G1 (9)
IdA16 (1), IdA25 (3)
IfA11G1T1 (1), IfA12G1 (2)

IIaA15G2R1 (2),IIaA17G2R1 (1)
IIaA18G3R1 (3), IIaA19G2R1(1)
IIaA19G3R1 (1), IIcA5G3a (1)

O Brien et al, 2008109

UK C. hominis Ia, Ib IbA10G2(10), IaA12R3(1)
IaA22R2(1) IaA30R3(1)
IaA25R3 (1), IgA24 (2)

Chalmers et al, 200898

 (Continued)
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Table 1  (Continued)

Country Cryptosporidium spp. Subgenotype Subtypes Reference

Europe C. hominis (75%)
C. parvum (25%)

IbA10G2 (5), IdA15G1 (1) IIaA18G3R1 (1), IIdA22G1 (1) O Brien et al, 2008109

France C. hominis (31.6%)
C. parvum (42%)
C. meleagridis (5.2%)
C. felis (10.5%)
C. muris (1.7%)

Guyot et al, 2001110

Ireland C. hominis (24%)
C. parvum 

IbA10G2(25) IIaA18G3R1(48), 
IIaA18G3R1(9)
IIaA20G3R1(7), IIaA15G2R1(6)
IIaA19G3R1(2), IIaA17G1R1(1)
IIaA10G2R1(1), IIaA14G2R1(1)
IIaA16G3R1(1), IIaA17G2R1(1)
IIaA20G5R1(1), IIaA21G3R1(1)
IIdA26G1 (1)

Zintl et al, 2008111

South 
Africa

C. parvum (22) Ic, Id, Ib, Ie, Ia Leav et al, 2002112

Ethiopia C. hominis (18%)
C. parvum (65.7%)
C. viatorum (7.1%)
C. canis (1.4%)
C. felis (3.5%)
C. meleagridis (2%)
C. xioai (1.4%)

Ib, Id, Ie, IIa, 
IIb, IIc, IId, IIe, 
If like

IbA10G2(1), IdA20(10), 
IdA24(1), IdA26(2), 
IeA11G3T3(5)

IIaA13G2R1 (1), IIaA14G2R1 
(1), IIaA15G2R1(60), 
IIaA16G2R1 (1),
IIaA16G2R1(4), IIaA17G2R1(2),
IIaA18G2R1 (1), IIaA19G1R1 (1),
IIbA12(1), IIcA5G3(2), 
IIdA17G1(1), IIdA19G1(1), 
IIdA22G1(2), IIdA24G1(1)

Adamu et al, 2014113

Kenya C. hominis (68.2%)
C. parvum (18.2%)
C. meleagridis (13.6%)

Nyamwange et al, 
2012116

Nigeria C. hominis (44.2%)
C. parvum (32.5%)
C. hominis & C. parvum 
(5.2%)
C. meleagridis (6.5%)
C. rabbit genotype (6.5%)
C. cervine genotype (3.9%)
C. canis (1.3%)

Ia, Ib, Id, Ie, Ih, 
IIa, IIc, IIi, IIm

IaA18R2 (3),IaA22R2 (1), 
IaA24R2 (2), IaA25R2 (2), 
IaA28R2(1), IaA21R1(1)
IbA10G2(3),IbA13G3(7)
IdA11(2), IdA17(2)
IeA11G3T3(3)
IhA14G1(1)

IIaA15G2R1(1), IIaA16G1R1(1)
IIcA5G3a (9), IIcA5G3b(8)
IIiA11(2), IImA14G1(2)

Molloy et al, 2011114

Jordan C. parvum (22)
C. hominis (20)
C. meleagridis (1)
C. canis (1)

IbId,IIa IIb, IIc IbA6G3(3), IbA9G3(3)
IbA10G2 (1), IbA20G2(1)
Id IdA21 (2), IdA24 (5)

IIaA15G1R1(2), IIaA20G3R1(1) 
IIcA5G3a (2), IIdA14G1 (1)
IIdA20G1 (5), IIdA24G1 (1)
IIdA29G1 (1)

Hijjawi et al, 201029

Yemen C. hominis (3%)
C. parvum (97%)

Ie, IIa IeA11G3T3 (1) IIaA15G2R1(7) Alyousefi et al, 2013115 

Japan C. hominis (75%)
C. parvum (25%)

IeIa, IIc, Ib Abe et al, 200692

Kuwait C. hominis (26.5%)
C. parvum (73.5%)

Ia, Id, Ie, IIa, 
IIc, IId

Iqbal et al, 2011117

India C. hominis (49)
C. meleagridis (2)
C. felis (1)

Ia,Ib,Ie,Id IbA9G3 (17), IeA11G3T3 (5), 
IaA12G1R3 (1), IaA19R3 (4),
IaA21R3 (1), IaA22R3 (1), 
IdA15G1 (13), IdA16 (4)

Gatei et al, 200784

India C. hominis (81%)
C. parvum (12%)
C. felis (5.2%)
C. parvum (mouse 
genotype

Ia, Ib, Ic, Id, Ie Rao Ajjampur et al, 
2007118

India C. hominis (88.1%)
C. parvum (10.5%)
C. meleagridis (1%)

Ia, Ib, Id, Ie, If, 
IIc, IId, IIm, IIn

IaA18, IaA19, IeA11G3T3, 
IfA13G1

IIcA5G3, IIdA15G1, IImA7G1, 
IInA8

Ajjampuret al, 201095

 (Continued)
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diversity at MLST is more pronounced at C. parvum loci com-
pared with C. hominis. The high genetic diversity of CP47 and 
MSC6–7 has also been reported and CP47 locus has been 
suggested as an alternative for the typing C. hominis and C. 
parvum. CP47 has a high resolution for both length polymor-
phism and MLST-based typing that distinguishes C. hominis 
and C. parvum by size.84

Table 1  (Continued)

Country Cryptosporidium spp. Subgenotype Subtypes Reference

India C. hominis (67%)
C. parvum (22.4%)
C. meleagridis (1.7%)

Ia,Ib, Id, Ie, IIc, 
IId, IIe

IaA18R3, IaA19R3, IaA21R3, 
IaA26R3, IaA27R3, 
IaA29G1T3R3b IbA9G3
IdA14G1, IdA15G11, 
IdA16G1, IeA11G3T21, 
IeA11G3T3, IfA13G1

IIcA5G3a
IIdA14G1, IIdA15G1
IIeA7G1b

Sharma et al, 201344

India C. hominis 64% (54/84)
C. parvum 27% (23/84)

Ie, Ia, Id
Ib If
IIc
II d
IIa
IId
IIb

IdA15G1 (41.7%, 10/24), 
IbA9G3 (16.7%, 4/24), 
IeA11G3T3 (4.2%, 1/24), 
IfA14G1 (8.3%, 2/24), 
IbA10G2 (4.2%, 1/24), 
IdA17G1 (4.2%, 1/24) and 
IaA19R3 (4.2%, 1/24)

Yadav et al, 2016119

Table 2  Subtype families of Cryptosporidium spp. reported from Indian subcontinent
C. hominis (98%)
C. felis (2%)

Ia, Ib, Ie, Id Gatei et al, 200784

C. hominis (64%)
C. parvum (18%)
C. parvum (mouse) (2%)
C. melegridis (2%)
C. muris (2%)

Ia, Ib, Ic, Id, Ig, If, IIa, IIb, IIc Muthusamy et al, 200627

C. hominis (87.5%)
C. parvum (10%)
C. felis (2.5%)

Das et al, 2006120

C. hominis (81%)
C. parvum (12%)
C. felis (5.2%)
C. parvum (mouse genotype)

Ia, Ib, Ic, Id, Ie Rao Ajjampur et al, 2007118

C. hominis (88.1%)
C. parvum (10.5%)
C. meleagridis (1%)

Ia, Ib, Id, Ie, If, IIc, IId, IIm, IIn Ajjampur et al, 201095

C. hominis (67%)
C. parvum (22.4%)
C. meleagridis (1.7%)

Ia,Ib, Id, Ie, IIc, IId, IIe Sharma et al, 201344

Table 3  Subtype family association with clinical outcome of Cryptosporidiosis
Cama et al, 
200717  
(HIV adults)

Cama et al,  
200847 
(children)

Ajjampur et al,  
201095 
(children)

Ng et al,  
2010107

Chierico et al, 
2011121  
(HIV adults)

Iqbal et al,  
2011117 
(children)

Adamu et al, 
2014113  
(HIV adults)

Ia No association Diarrhea No association No association 
with wasting

Ib Marginally 
with diarrhea, 
vomiting

Nausea,  
vomiting 
malaise, diarrhea

No association

Id Chronic 
diarrhea

Diarrhea Shorter  
duration of 
diarrhea

Abdominal pain Fever,  
dehydration, 
severe diarrhea

IIc Vomiting Wasting 
syndrome

IIa Diarrhea

Abbreviation: HIV, human immunodeficiency virus.

Clinical Association of Cryptosporidium Subtypes
Number of studies in last over a half decade emphasized 
on the significant role of subtypes in the clinical manifes-
tation of the cryptosporidiosis (►Table  3). A recent study 
reported that the Ib subtype family appeared to be much 
more virulent than other subtype families and was sig-
nificantly associated with diarrhea, nausea, vomiting, and 
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general malaise.96 Worldwide, IbA9G3 and IbA10G2 are 
the two common subtypes reported within the Ib sub-
type family. Subtype IbA10G2 has a global distribution. 
IbA9G3 has been commonly reported in humans in Malawi, 
Kenya, India, and Australia, whereas IbA10G2 in South 
Africa, Botswana, Jamaica, Peru, United States, Canada, 
Australia, and European countries.97,98 It has been reported 
that IbA10G2 is responsible for more than half of the 
water-borne outbreaks of gastroenteritis in the United 
States, United Kingdom, Canada, and France.96 Variations in 
the pattern of clinical manifestations were observed among 
C. hominis subtype families. Infections with subtype family 
Ib were associated with nausea, vomiting, general malaise, 
and diarrhea. Infection with other subtype families (Ia, 
Id, and Ie) were generally associated with diarrhea symp-
tom only.

In a study on pediatric cryptosporidiosis from Kolkata, IbA9G3, 
IeA11G3T3, IaA12G1R3, IaA19R3, IaA21R3, IaA22R3, IdA15G1, 
and IdA16 subtypes were identified at gp60 locus.84 However, 
association of these subtypes with the clinical manifestations 
has not been reported in this study. The subtypes identi-
fied from Delhi were IdA15G1 (41.7%, 10/24), IbA9G3 (16.7%, 
4/24), IeA11G3T3 (4.2%, 1/24), IfA14G1 (8.3%, 2/24), IbA10G2 
(4.2%, 1/24), IdA17G1 (4.2%, 1/24), and IaA19R3 (4.2%, 1/24). 
Four (16.7%) patients, however, had mixed infections with 
IdA15G1 and IeA11G3T3 subtypes.85

Conclusion and Future Perspective
The occurrence and distribution of Cryptosporidium species 
among human hosts are similar to that described elsewhere 
including report of unique variants. Conditions contributing 
to observed cryptosporidiosis prevalence indicate contact 
and exposure variability of both human and animal popu-
lations. Molecular epidemiological studies on cryptospo-
ridiosis have significantly broadened the understanding of 
transmission dynamics and information about distribution 
of circulating genotype(s) and subtype(s). Distribution of dif-
ferent subtypes and association of particular subtypes with 
the some of the outbreaks and diseased conditions clearly 
indicate emergence of virulent ones.
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Objectives This study was undertaken to investigate and review the clinical presen-
tation, surgical procedures executed, and the final outcome of infants managed for 
the patent vitellointestinal duct.
Materials and Methods This is a single-institution, retrospective study and included 
infants who were operated for the patent vitellointestinal duct. This study was 
conducted at author’s Department of Paediatric Surgery during the last 20 years; from 
January 1, 2000 to December 31, 2019.
Results A total of 24 infants were operated for the patent vitellointestinal duct during 
the study period and comprised 20 (83.3%) boys and 4 (16.6%) girls. The age of infants 
ranged from 7 days to 10 months, with a mean of 88.41 ± 64.9 days. Twenty-three 
(95.8%) infants were operated within 6 months of the age, 17 (70.8%) of them were 
operated within 3 months of the age. Only one (4.1%) infant was operated at the age 
of 10 months. Among 24 infants, 13 (54.1%) were presented with features suggestive 
of acute intestinal obstruction and remaining 11 (45.8%) were presented with fecal 
discharges through the umbilicus without intestinal obstruction. Among 13 infants 
who presented with acute intestinal obstruction, 12 had prolapsed bowel and 6 of 
them also had gangrenous bowel. Operative procedures were executed (n = 24) in the 
following order of frequency: (1) resection of patent vitellointestinal duct, wide wedge 
resection of ileum,and ileal repair (n = 13, 54.1%); (2) resection of patent vitellointes-
tinal duct, small segment of ileum, and ileoileal anastomosis (n = 9, 37.5%); and (3) 
resection of patent vitellointestinal duct, segment of ileum, and an ileostomy (n = 2, 
8.33%). Postoperatively, two (8.3%) infants developed anastomotic leak and peritonitis 
one each, later on, both of them died.
Conclusion Patent vitellointestinal duct not only present with fecal discharges 
through the umbilicus but half of the infants presented with prolapsed bowel and with 
features of acute small bowel obstruction. Delay in seeking treatment for such cases 
was associated with considerable morbidity and mortality and therefore the patent 
vitellointestinal duct should be excised at the earliest.
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Introduction
Persistent or patent vitellointestinal duct occurred due to 
the complete failure of the regression of the vitellointes-
tinal duct and reported in about 15% of all the vitel-
lointestinal duct anomalies.1-3 Meckel’s diverticulum is the 
commonest among the vitellointestinal duct anomalies 
and also a most common congenital malformation of the 
gastrointestinal tract.4,5 Most of the cases of patent vitel-
lointestinal duct clinically present during the infancy but 
also reported after infancy and in older children.6-8 Patent 
vitellointestinal ducts is extremely rare in adults but have 
been reported in literature.9 Diagnosis is obvious in most 
of the cases due to the presence of omphaloenteric fistula/
patent vitellointestinal duct and fecal discharges through 
the umbilicus. Standard therapy for the patent vitellointes-
tinal duct is surgical resection of the patent duct with or 
without resection of adjacent small segment of ileum.6-8,10 
Present study comprised of the 24 infants who were oper-
ated for the patent vitellointestinal duct, with a brief 
review of the literature. To the best of author’s knowledge, 
this is the largest series on the management of the patent 
vitellointestinal duct, exclusively in infants.

Materials and Methods
This is a single-institution, retrospective study and included 
infants who were operated for the patent vitellointestinal 
duct. This study was conducted as author’s department of 
pediatric surgery during the last 20 years from January 1, 2000 
to December 31, 2019. Medical records of all the 24 infants 
were reviewed for their age, sex, clinical presentation, surgi-
cal procedures executed, postoperative major complications, 
and the final outcome of the infants who were operated for 
the patent vitellointestinal duct.

Results
Twenty-four infants were operated for the patent vitel-
lointestinal duct during the study period. Demographic 
details of above 24 infants are provided in ►Table 1. Age 
distribution of the above infants is provided in ►Fig. 1. The 
mean age of infants was 88.41 ± 64.9 days, ranged from 
7 days to 10 months. Clinically 11 (45.8%) infants presented 
with fecal discharges through the umbilicus without intes-
tinal obstruction (►Fig. 2A, B) and 13 (54.1%) infants were 
presented with features suggestive of acute small intesti-
nal obstruction. Prolapsed bowel was observed in 12 of the 
infants (►Fig.  3A–C). Operative findings of above infants 
are detailed in ►Fig. 4. Operative procedures executed for 
above infants are detailed in the ►Fig. 5. Right transverse 
supraumbilical incision and subumbilical incision were 
selected in equal number of infants. Postoperatively, two 
(8.3%) infants developed anastomotic leak and peritonitis, 
one each. Infant who developed anastomotic leak required 
reexploration. Later on, both of the above infants died 
during the course of management.

Discussion
In the early weeks of fetal life the midgut loop has a wide 
communication with the yolk sac known as vitellointestinal 
duct. The vitellointestinal duct is also named as vitelline duct, 
omphaloenteric duct, omphalomesenteric duct, omphaloil-
eal fistula, and umbilicointestinal fistula. It appears at the 
end of the fourth week, and normally disintegrates at 8 to 
10 weeks of intrauterine life.1-3 The obliteration process of 
the vitellointestinal duct begins at the umbilical end of the 
duct and extends toward the intestine.11 The intestinal end of 
the vitellointestinal duct persists most frequently in the form 
of Meckel’s diverticulum.3,4,11

Literature relating to the patent vitellointestinal duct are 
scanty, and the exact incidence is not known. At the Chicago 
Lying-In Hospital, there were 30,000 births over a period of 
10 years (1937–1947). Among above 30,000 births, only two 
infants had complete patency of the omphalomesenteric 
duct, accounted for 1:15,000 (0.0066%) hospital births.12 At 
the St. Luke’s Hospital in Cleveland, there were 31,975 births 
over a period of 21 years, only two babies were born with 
complete patency of the omphalomesenteric duct, accounted 
for approximately 1:16,000 (0.0062%) hospital births.12

The patent vitellointestinal ducts occurred more frequently 
in infants and also documented more in male as compared to 
females. In a retrospective analysis of 16 symptomatic cases of 
vitellointestinal duct anomalies, 9 were patent vitellointesti-
nal duct, all of them were infants, and 8 of them were boy.7 In 
a retrospective review of 18 children of symptomatic vitelline 
duct anomalies over a period of 22 years, authors recorded 12 
cases of patent vitelline duct.8 In another review of 36 neo-
nates with vitelline duct pathologies, there were 11 cases of 
patent vitelline duct, and authors also observed male prepon-
derance as 10:1.10 In analysis of 73 cases of symptomatic pat-
ent vitellointestinal duct anomalies, there were only 5 cases 
of patent vitellointestinal duct, and all of them were male 
infants.11 Kittle et al also documented patent vitellointestinal 
duct 4.4 times more in males than in females.12 In a review of 
72 cases relating to the vitelline duct anomalies, there were 6 
cases of patent vitellointestinal duct.13 In a series of 66 cases 
of anomalies relating to the vitelline duct in infants and chil-
dren, authors found 20 cases of patent vitelline duct, and they 
also documented the above anomaly more in male.14 Amongst 
217 children relating to the vitelline duct anomalies, there 
were only 4 cases relating to the patent vitelline duct, and all 
of them were neonates.15 Present study on patent vitellointes-
tinal ducts included only infants. Among 24 infants, 23 (95.8%) 
were 7 days to 6 months of age, and only one boy was of the 
age of 10 months. This study documented 20 males, with a 
male–to-female ration of 5:1, and further support that the 
above anomaly is more frequent in male.

Clinical presentation varies from the discharges of 
mucus, flatus, and feces through the umbilicus to the 
acute small intestinal obstruction.6-8 Prolapse of the bowel 
(ileum) through the umbilicus/patent vitellointestinal 
duct is the gravest complication relating to the untreated 
cases, and reported in as many as 50% of the cases.6,11,16,17 
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Table 1 Demographics of infants operated for the patent vitellointestinal duct (n = 24)

Serial 
no.

Age Sex Date of 
operation

Presentation and clinical 
examination

Operative procedures executed Result

1. 3 mo Male February 24, 
2001

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
small segment of ileum, and ileoileal 
anastomosis

Well

2. 3 mo Male March 31, 
2001

Intestinal obstruction
Bowel prolapse: yes
bowel gangrene: yes

Resection of patent vitellointestinal duct, 
small segment of ileum, and ileoileal 
anastomosis

Well

3. 2 mo Female July 19, 
2001

Intestinal obstruction
Bowel prolapse: yes
bowel gangrene: yes

Resection of patent vitellointestinal duct, 
small segment of ileum, and ileoileal 
anastomosis

Well

4. 3 mo Male September 
11, 2003

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
small segment of ileum, and ileoileal 
anastomosis

Well

5. 6 mo Male May 25, 
2004

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum and ileal 
repair

Well

6. 3 mo Male September 
05, 2004

Intestinal obstruction
Bowel prolapse: yes
Bowel gangrene: yes

(A) Resection of patent vitellointestinal 
duct, small segment of ileum and ileoileal 
anastomosis
(B) Reexploration for anastomotic leak

Death

7. 5 mo Male February 19, 
2005

Intestinal obstruction
Bowel prolapse: no

Resection of patent vitellointestinal duct, 
small segment of ileum, and ileoileal 
anastomosis

Well

8. 2 mo Male September 
01, 2006

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

9. 3 mo Female March 01, 
2008

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

10. 2 mo Female June 03, 
2010

Intestinal obstruction  
Bowel prolapse: yes

Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

11. 4 mo Male May 31, 
2011

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

12. 10 mo Male August 11, 
2011

Intestinal obstruction  
Bowel prolapse: yes

Resection of patent vitellointestinal duct, 
wide wedge resection of ileum and ileal 
repair

Well

13. 3 mo Male January 07, 
2012

Intestinal obstruction  
Bowel prolapse: yes

Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

14. 4 mo Male January 14, 
2012

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

15. 15 d Male August 08, 
2012

Intestinal obstruction
Bowel prolapse: yes

Resection of patent vitellointestinal duct, 
small segment of ileum, and ileoileal 
anastomosis

Death

16. 6 mo Male January 31, 
2013

Intestinal obstruction
Bowel prolapse: yes

Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

17. 2 mo Male February 20, 
2014

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

18. 4 mo Male June 24, 
2014

Intestinal obstruction
Bowel prolapse: yes

Resection of patent vitellointestinal duct, 
small segment of ileum, and ileoileal 
anastomosis

Well

 (continued)
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Yamada et al in a review of Japanese literature observed 
that 28 cases had prolapsed bowel amongst 53 cases of 

patent vitellointestinal duct.6 In Kirtland, in a review of 
131 documented cases of patent vitellointestinal duct, 
28 of them had prolapsed bowel.11 Present report of pat-
ent vitellointestinal ducts also documented that 50% of 
the infants had prolapsed bowel. Prolapse of the bowel 
through the umbilicus is probably related to the lumi-
nal diameter of the patent vitellointestinal duct. Author 
strongly believe that the wider the lumen of the patent 
vitellointestinal duct, the more the chances of the bowel 
prolapse, but smaller lumen size does not guarantee that 
there would not be a bowel prolapse.

There are two options for the surgical resection of the 
patent vitellointestinal duct: (1) resection of the patent 
vitellointestinal duct along with wide wedge resection of 
the ileum and ileal repair; and (2) resection of the patent 
vitellointestinal duct, adjacent small segment of ileum, 
and ileoileal anastomosis.6-8,10,13,17 Above surgical pro-
cedures can be accomplished through the subumbilical 
incision, infraumbilical incision, transumbilical approach, 
or supraumbilical right transverse abdominal incisions. 
Surgical procedures done through the umbilicus and 
subumbilical incision carries the best cosmetic results. 
Resection of the patent vitellointestinal duct along with 
wide wedge resection of the ileum and ileal repair is fea-
sible in many of the cases of patent vitellointestinal duct. 
In this technique, there are chances of ectopic mucosa that 
may be left behind in native ileum.7 Therefore resection of 
the patent vitellointestinal duct, small segment of ileum 
and ileoileal anastomosis is a better option.7 The timing 
of surgical resection of the patent vitellointestinal duct is 
very crucial. Most of the authors suggested an early surgi-
cal intervention to prevent morbidity in the form of bowel 
prolapse and intestinal obstruction.

Postoperative complications may occur following the 
surgical procedures done for the resection of the patent 
vitellointestinal duct and are anastomotic leak, septicemia, 

Table 1  (continued)

Serial 
no.

Age Sex Date of 
operation

Presentation and clinical 
examination

Operative procedures executed Result

19. 45 d Male October 29, 
2015

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

20. 1 mo Male November 
03, 2015

Intestinal obstruction
Bowel prolapse: yes
Bowel gangrene: yes

Resection of patent vitellointestinal duct, 
small segment of ileum and ileoileal 
anastomosis

Well

21. 1 mo Female February 02, 
2017

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

22. 7 d Male February 28, 
2018

Intestinal obstruction
Bowel prolapse: yes
Bowel gangrene: yes

Resection of patent vitellointestinal duct, 
segment of ileum, and an ileostomy

Well

23. 15 d Male November 
26, 2019

Fecal discharges through umbilicus Resection of patent vitellointestinal duct, 
wide wedge resection of ileum, and ileal 
repair

Well

24. 1 mo Male December 
24, 2019

Intestinal obstruction  
Bowel prolapse: yes
Bowel gangrene: yes

Resection of patent vitellointestinal duct, 
segment of ileum, and an ileostomy

Well

Fig. 1 Age distribution of infants operated for the patent vitel-
lointestinal duct.

Fig 2 (A) Photograph of an infant showing fecal discharge through the 
umbilicus without periumbilical redness/skin excoriation. (B) Photograph 
of an infant showing fecal discharge through the umbilicus with perium-
bilical redness and skin excoriation.
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peritonitis, and postoperative intestinal obstruction/
adhesion.6,8,11 Mortality has also been reported following 
the surgical procedures done for the patent vitellointestinal 
duct and documented more in children who had prolapsed 
bowel.6,8,11 There were two (8.3%) deaths in present study, and 
both of the infants had major postoperative complications.

Conclusion
Patent vitellointestinal ducts not only present with fecal dis-
charges through the umbilicus but also present with pro-
lapsed bowel and features of acute small bowel obstruction 
in as many as 50% of the cases. Patent vitellointestinal duct 

should be excised at the earliest, as delay in seeking treatment 
was associated with considerable morbidity and mortality. 
Surgical resection of the patent vitellointestinal duct along 
with small segment of ileum and ileoileal anastomosis is pref-
erable over wide-wedge resection of ileum and ileal repair.

Note
This study was presented at Paediatric Surgeons Club in 
Bhopal on September 21, 2019.
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Introduction Osteoporosis is one of the most common and rampant metabolic bone 
disorders among the geriatric, particularly affecting postmenopausal women. Even 
though resorption tends to occur more rapidly in bones with a higher proportion of 
trabecular bone (e.g., vertebrae, pelvis, calcaneus), bones with significant cortical 
bone content also do undergo resorption, for example, mandible. The dental manifes-
tations that may indicate low-bone density include loose teeth, receding gums, and 
ill-fitting or loose dentures.
Objective To validate the efficacy of orthopantomograms (OPGs) in recognizing 
bone mineral density (BMD) changes of the mandible using mandibular cortical index 
(MCI) and substantiate the same with dual energy X-ray absorptiometry (DEXA) scan 
on femoral neck and spine.
Materials and Methods This cross-sectional study comprised 60 geriatric patients 
of both genders. All the patients were subjected to panoramic radiographs wherever 
clinically indicated. The visual analysis was done based on the radiographic appearance 
of the mandibular cortical border and results were compared with DEXA scan reports, 
followed by an analysis of three grades of MCI and BMD statistically.
Results In our study, out of 40 patients in C2 and C3 subgroups, 67% and 20% were 
normal, respectively. The incidence of osteopenia was 33% in the C2 group and 70% in 
the C3 group, whereas Osteoporosis was present only among 10% of the population in 
the C3 group. The difference between the groups are statistically significant (p = 0.01). 
These findings imply that a progressive link exists between BMD and deteriorating 
cortical morphology.
Conclusion The purpose of this study is that dentists will be able to refer patients to 
physicians of suspected low BMD, based on incidental findings on panoramic radio-
graphs for further examination. There is a statistically significant correlation present 
between DEXA and MCI, so the latter can also be used for screening BMD changes.
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Introduction
Osteoporosis is one of the most common and rampant met-
abolic bone disorders among the geriatric, particularly 
affecting postmenopausal women as a result of unopposed 
osteoclastic activity and deficiency of estrogen surveillance 
that promotes increased bone resorption.1 Based on the pro-
portion of trabecular bone (TB) and cortical bone (CB) dis-
tribution, remodeling pattern varies. Despite the fact that 
osteoporotic resorption tends to occur more rapidly in bones 
with a higher proportion of trabecular bone (e.g., vertebrae, 
pelvis, calcaneus), bones with significant cortical bone con-
tent do undergo resorption, for example, mandible. As an 
aftereffect of increasing average life expectancy, the incidence 
of osteoporosis is expected to rise concurrently.2 The dental 
manifestations that may indicate low-bone density including 
loose teeth, receding gums, and ill-fitting or loose dentures.

Osteoporosis is difficult to treat once it progresses to the 
final stage; hence, early recognition and prevention of the 
disease is mandatory. It is diagnosed based on the assessment 
of bone mineral density (BMD) and a subsequent increase in 
fracture incidence. The World Health Organization (WHO) 
defines osteoporosis based on T-score; accordingly, T-score 
of–2.5 or below is stated as osteoporotic, T-score of–1.0 or 
greater is normal, and T-score between–1.0 and–2.5 is osteo-
penia. Dual energy X-ray absorptiometry (DEXA) scan is the 
gold standard investigation to diagnose osteoporosis.3 The 
major impediment in diagnosing osteoporosis using DEXA 
in a developing nation as India is the limited availability of 
equipment due to its high cost and lack of substantial epi-
demiological data pertaining to incidence and prevalence of 
osteoporosis.4 On the other hand, orthopantomogram (OPG), 
which is mainly used for dental evaluation to scrutinize den-
tal diseases and conditions, is widely available and fairly eco-
nomical. Therefore, due to its availability and simplicity, it 
would be beneficial to make use of OPG for assessing indi-
viduals with low skeletal bone mineral density (BMD), as 
the dentists can refer the patient for further examination if 
required.

Certainly, some examiners did establish a substantial 
correlation between skeletal BMD and mandible5,6 although 
other research works portrayed contrasting results, demon-
strating no such relation.7 As per our knowledge, no study has 
been performed in this province of the south Indian geriat-
ric population to assess osteoporosis using OPG. This study 
intended to establish a relationship between mandibular 
cortical integrity on panoramic radiographs and DEXA scan 
of right and left femoral neck and vertebrae, and to identify 
whether panoramic radiographs can be used for early iden-
tification of osteoporosis-related reduction of bone density 
among the south Indian geriatric population.

Aims and Objectives
The aim of the study is to evaluate the diagnostic efficacy of 
the mandibular cortical index (MCI) in detecting bone mar-
row density alterations and validate the same by comparing 
the findings with DEXA scan reports of the south Indian geri-
atric population.

The objectives of the study are as follows:
1. Obtain complete history and clinically evaluate patients 

with suspected signs and symptoms of altered BMD in the 
geriatric population.

2. Radiographic evaluation using orthopantomogram to 
detect BMD related to osteoporosis and osteopenia in the 
mandibular cortex.

3. Effectiveness of OPGs using MCI in diagnosing osteoporo-
sis and osteopenia and comparing the findings with DEXA 
scan.

Materials and Methods
A cross-sectional clinical study was conducted on geriatric 
outpatients reporting to the Department of Oral Medicine 
and Radiology (OMR), Tamil Nadu Government Dental 
College and Hospital, Chennai—600 003 (TNGDCH) from June 
2016 to November 2017. They were subjected to a thorough 
clinical examination, details of which were entered into the 
structured proforma, especially made for the study, and 
wherever indicated OPG was taken. Informed consent was 
obtained from all the patients who fulfilled the inclusion 
and exclusion criteria. The Institutional Ethical Committee 
approved the study protocol. The study comprises 60 cases in 
total, among which 35 were male and 25 were female.

The inclusion criteria were male and female patients 
above 60 years of age and those who were advised OPG for 
routine dental disorder. The exclusion criteria were medical 
history positive for bone disease and disorder that influence 
bone homeostasis.

All the OPGs were visually analyzed using the criteria pro-
posed by Klemetti et al.3 The mandibular cortical border near 
mental foramen on both sides was assessed based on MCI. 
The MCI is basically a three-point index (C1-3) that assesses 
the cortical border of the mandible in OPG using the follow-
ing criteria.

 • C1: The endosteal margin of the mandibular cortex was 
uniform and well-demarcated on either side (►Fig. 1A).

 • C2: The endosteal border displays crescent-shaped defects 
(lacunar resorption) or appear to form endosteal cor-
tical remains (one to three layers) on one or both sides 
(►Fig. 1B).

 • C3: The cortical layer formed heavy endosteal cortical res-
idues and are porous (►Fig. 1C).

Fig. 1 Different grades of mandibular cortical index: (A) normal mandibular cortex with well-defined borders and uniform thickness, (B) mildly 
eroded endosteal border, (C) atrophied endosteal border, (D).
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 • ►Fig.  1D depicts three-point index (C1-3) that assesses 
the cortical border of the mandible in OPG in diagram-
matic representation.

MCI is simple, requires no special equipment for quantifica-
tion, and is time-saving compared with other densitometric 
and morphometric indices for which it is considered; addi-
tionally, it primarily employs the inferior cortex of the mandi-
ble, which is far from alveolar bone and is a component of basal 
bone which is relatively resilient to resorption due to local 
factors such as periodontitis. Patients who displayed positive 
findings related to MCI were further evaluated for osteopenia 
or osteoporosis, where the patients were subjected to DEXA 
analysis to confirm the final diagnosis of their BMD, based on 
T-score of hip and lumbar spine (L1-L4) with the Discovery 
DXA densitometer device (Hologic Inc., Bedford, MA, USA).

Based on WHO criteria for osteoporosis, patients who were 
confirmed to have osteopenia, osteoporosis, or even normal 
were recorded and results were compared with the OPG 
already taken and the interpretations were formulated. The 
results were indexed and evaluated to determine the relation-
ship between the MCI of panoramic radiograph and the BMD 
acquired from DEXA of the spine (L1–L4) and hip (►Fig. 2A,B)

Statistical Analysis
Data were analyzed using SPSS Version 23. As the sensitivity 
is 100% and specificity is 69.23%, MCI can very well be used 
as a screening tool for detecting changes in BMD.

Formulation of Hypothesis
Null hypothesis: H0 = There is difference in osteoporosis 
identification by DEXA and MCI index.

Alternate hypothesis Ha = There is no difference in osteo-
porosis identification by DEXA and MCI index.

p value < 0.05 is considered as statistically significant.

If p value < 0.05, we can reject the null hypothesis and 
consider the alternate hypothesis.

Results

In the present study, a total of 60 cases were included, pro-
visionally evaluated, and clinically examined. Based on OPG 
findings and MCI, they were categorized as either C1, C2, and 
C3. Those patients suspected of reduced bone density were 
subjected to densitometric examination to establish the 
final diagnosis. The cases diagnosed were then tabulated and 
analyzed to assess the relationship between the MCI of pan-
oramic radiograph and the BMD obtained from DEXA of hip 
and lumbar spine (L1–L4).

►Table 1 shows the distribution of the study population 
according to gender (also see ►Fig. 3). In the C1 group, 75% 
were males and 25% were females, whereas in the C2 group, 
40% were females and 60% were males, and vice versa in 
the C3 group. This clearly depicts that frequency of females 
increases as the mandibular cortex gets atrophic.

In ►Table 2, DEXA reports showed 60% normal and 40% 
osteopenia in the C2 group (also see ►Fig. 4). Higher rates 
of osteopenia of 70% were found in the C3 group where only 
20% of the study population was found normal and 10% was 
osteoporotic, which clearly shows that MCI is good enough to 
assess the changes of BMD.

►Table  3: in the C3 group, the normal population 
comprised 16.5% of females and 25% males (also see ►Fig. 5). 
Osteopenia in the C3 group affected 66.7% females and 75% 
males, while osteoporosis affected only 16.7% of females in 
the C3 group and none in males. The trend correlates with 
other similar studies, depicting the increased frequency of 
female involvement.

Fig. 2 Bone mineral density measurements with dual-energy X-ray absorptiometry (DEXA): (A) Osteopenia DEXA report, (B) Osteoporosis DEXA report.
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►Table 4 reveals the absence of osteoporosis in both gen-
ders in the C2 group (also see ►Fig. 6). While 50% of females 
were normal, 50% had an incidence of osteopenia. Among the 
males, 66.7% were normal and 33.3% had osteopenia, which 
is in concordance with other identical studies showing a 
good correlation.

►Table 5 clearly shows that, according to MCI, C2 and 
C3 groups were 67% and 20% normal, respectively (also 
see ►Fig.  7). the incidence of osteopenia was 33% in the 
C2 group and 70% in the C3 group, whereas osteoporo-
sis was present only among 10% of the population in the  
C3 group.

Table 2  Distribution according to DEXA report in various groups

DEXA report C1 C2 C3

Frequency Percentage Frequency Percentage Frequency Percentage

Normal 20 100.0 12 60.0 4 20.0

Osteopenia 0 0 8 40.0 14 70.0

Osteoporosis 0 0 0.0 0.0 2 10.0

Total 20 100.0 20 100.0 20 100.0

Abbreviation: DEXA, dual-energy X-ray absorptiometry.

Table 3  Distribution according to DEXA report in various groups according to gender (C3)

DEXA report Female Male

Frequency Percentage Frequency Percentage

Normal 2 16.7 2 25.0
Penia 8 66.7 6 75.0
Porosis 2 16.7 0 0.0
Total 12 100.0 8 100.0

Abbreviation: DEXA, dual-energy X-ray absorptiometry.

Table 1  Distribution of study population according to gender

Gender C1 C2 C3

Frequency Percentage Frequency Percentage Frequency Percentage

Female 5 25.0 8 40.0 12 60.0

Male 15 75.0 12 60.0 8 40.0

Total 20 100.0 20 100.0 20 100.0

Fig. 3 Distribution of study population according to gender. Fig. 4 Distribution of study population according to DEXA report.

Fig. 5 Distribution according to DEXA reports in C3.
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There is a statistically significant correlation present 
between DEXA and MCI, so the latter can also be used as an 
alternative to DEXA for measuring BMD.

►Table 6 shows the cross-tabulation between DEXA and 
OPG, so
The total true positive cases are 24  (A)
Total true negative cases are 36  (D)
Total false-positive cases are 16  (C)
Total false-negative cases are 0  (B)

According to the above,

Sensitivity = A / (A + B) = 100% (95% CI = 85.75–100%).
Specificity = D / (C + D) = 69.23% (95% CI = 54.90–81.28%).
Positive predictive value (PPV) = A / (A + C) = 60% (95% CI 
= 49.94%–69.28%).
Negative predictive value (NPV) = D / (B + D) = 100%.
Accuracy = (A + B) / (A + B + C + D) = 78.95% (95% CI  
= 60.08–87.46)

Table 4  Distribution according to DEXA report in various groups according to gender (C2)

DEXA report Female Male

Frequency Percentage Frequency Percentage

Normal 4 50.0 8 66.7

Penia 4 50.0 4 33.3

Porosis 0 0 0 0

Total 8 100.0 12 100.0

Abbreviation: DEXA, dual-energy X-ray absorptiometry.

Table 5  Comparison of MCI index with DEXA report

DEXA report MCI Total

C1 C2 C3

Normal 20 (100) 12 (66.7) 4 (20) 36 (60)

Osteopenia 0 8 (33.3) 14 (70) 22 (36.6)

Osteoporosis 0 0 2 (10) 2 (3.7)

Total 20 (100) 20 (100) 20 (100) 60 (100)

Chi-square 28.12 p-Value < 0.001

Abbreviations: MCI, mandibular cortical index; DEXA, dual-energy X-ray absorptiometry.

Table 6  Sensitivity and specificity of MCI

DEXA OPG cross-tabulation

Count

OPG Total

Normal Diseased

DEXA Normal 20 16 36

Diseased 0 24 24

Total 20 40 60

Abbreviations: MCI, mandibular cortical index; OPG, orthopantomogram; DEXA, dual-energy X-ray absorptiometry. 

Fig. 6 Distribution according to DEXA reports in C2. Fig. 7 Comparison of MCI with DEXA.
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As the sensitivity is cent percent, MCI can very well be 
used as a screening tool for detecting changes in BMD.

Discussion
Osteoporosis is a generalized disorder affecting the skele-
tal system, which is indicated by reduced bone density and 
altered microframework of the skeleton, leading to weak 
bones prone to fractures. Calcium in ionized form has to be 
maintained by the body within a crucial narrow range for 
multiple physiologic functions to occur in the vital organs 
like heart and brain. If this balance is disrupted, either by 
decreased dietary intake or decreased absorption of calcium, 
bone tissues undergo resorption to preserve homeostasis. 
Many lives could be saved, provided osteoporosis is detected 
at its initial phase.8

The WHO describes osteoporosis in terms of T-score 
of–2.5 or below, T-score of–1.0 or greater as normal, and 
T-score between–1.0 and–2.5 as osteopenia. DEXA is the 
gold standard for determining osteoporosis.3 Many third-
world nations do not meet the standards of WHO which 
advocates 10.6 DEXA machines per million. India hardly 
meets the dictated standards, with only 0.26 per million in 
its attic, and conditions are much more worrisome in other 
south Asian nations with 0.1 per million in Sri Lanka and 
Pakistan.9

In this study, it demonstrates a clear correlation between 
osteoporosis diagnosis using T-score of DEXA as defined 
by WHO and OPG radiograph parameters and as per MCI. 
According to WHO guidelines, BMD is considered to be a 
vital but not the sole criterion to diagnose osteoporosis. It 
recognizes other factors that could cause probable bone frac-
tures such as elderly age, hormonal factors, smoking, and 
falls.10 Panoramic radiographs can effectively address the dis-
crepancy between need and feed to facilitate early detection 
and treatment of osteoporosis, which would reduce asso-
ciated morbidity and mortality due to its wide availability, 
simplicity, and, most of all, cost-effectiveness as compared 
with other advanced imaging modalities.11

Multiple indices have demonstrated alterations in BMD 
using panoramic radiographs.12 It could be either radio 
densitometric or radio morphometric indices; the former 
deals with quantitative measurement and analysis, whereas 
latter with morphological or qualitative visual analysis of 
panoramic radiographs.13 A radio morphometric index was 
proposed by Klemetti, which was based on visual analysis of 
morphological alterations in the cortical border of the man-
dible called MCI.

Multiple identical studies had established a correlation 
between mandibular radiographs and reduced BMD indicat-
ing osteoporosis.14,15 Authors have concluded, demonstrating 
that the diagnosis of skeletal BMD is possible in up to 95% 
by evaluating mandibular cortex.16 Scientific sources indi-
cate that the Klemetti index would be beneficial in screening 
postmenopausal women with osteoporosis.17 Some studies 
concluded claiming that a large sample size is needed to 
evaluate the efficacy of MCI in BMD studies, while in other 
studies, it was not adequately accurate for evaluation.18 To 

date, no study has been performed on association of afore-
mentioned indices with mandibular BMD levels in the south 
Indian geriatric population.

As the risk of osteoporosis increases with a related 
increase in age, the present study was conducted on geriatric 
subjects.19 The lower age limit in this study was set as the 
sixth decade, as the bone density starts to reduce in about 
the third decade of life.20 Among the evaluated geriatric, 60% 
of patients had normal bone density and the rest 40% had 
reduced BMD. This is true with other studies, which also 
expressed the irrefutable statistics of a higher incidence of 
osteoporosis associated with elderly patients.

The present study was in concordance to similar studies 
where females reported a higher incidence of osteoporosis 
and osteopenia. Menopause in women leads to rapid bone 
loss in females compared with men who possess a progres-
sive recession of sex hormones.21 In parallel research works, 
a significant correlation between BMD and the mandibular 
cortex was reported.22

In the present study, 2 (3.7%) patients had osteoporosis, 
22 (36.6%) osteopenia, and 36 (60%) patients had normal 
findings, based on the DEXA report. Among this, 3.7% diag-
nosed with osteoporosis included females only. In an iden-
tical study, 51.5% of all included women had osteoporosis, 
while 7.8% of all included men had osteoporosis, based on 
DEXA.23

The efficacy of the aforementioned indices is determined 
by its sensitivity and specificity as compared with DEXA 
results. The sensitivity and specificity of one of the stud-
ies were 77% and 53%, respectively.24 In a different study, 
the specificity and sensitivity were 88% and 100%, respec-
tively.25 In another similar study, when the threshold for 
a reduced BMD was set at a T-score of–1.0, a sensitivity of 
73.0% and a specificity of 49% were found, which employed 
DEXA on the lumbar spine and the proximal femur to deter-
mine BMD.26 In our study, the T-score threshold was set at–2.5 
as defined by WHO. This included both geriatric men and 
women, where MCI was used as a diagnostic criterion, and 
it was compared with gold standard, that is, DEXA results, 
which yielded a sensitivity and a specificity of more than 98% 
and 69%, respectively.

It is apparent that MCI is the most evaluated variable in the 
mandible related to osteoporosis. Likewise, MCI was found to 
be a reliable index in detecting a decrease in BMD from this 
study. It is evident from the present study that patients with 
low BMD exhibited distinct delicate porous mandibular cor-
tices, and the findings correlate with other studies. As MCI is 
a qualitative and objective index, it does not require precise 
identification of panoramic landmarks and accurate analysis; 
as a result of which, some studies do proclaim contrasting 
results to the present study, demonstrating no correlation 
between MCI and BMD.27

Some authors hypothesized that as there would be differ-
ences in the width of the mandible between Asian and British 
postmenopausal women, the crude statistics of cortical 
width could not be applied directly for detecting osteoporo-
sis.28 In addition to this, no authorized data are available that 
recommends the threshold values for the various mandibular 
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indices which could be employed on the Indian population. 
C1, C2, and C3 was the proportional distribution of MCI cat-
egorization, with 20 in each group. With minimal variance 
between BMD and MCI, and the proportion of categorization 
nearly complementing, the difference between groups was 
statistically significant (p = 0.01). These findings imply that a 
progressive link exists between BMD and deteriorating cor-
tical morphology.

Conclusion
Osteoporosis is preventable and curable when detected 
early; thus, detection of BMD changes at its initial stages is 
of prime importance. Among the elderly, the dentist is the 
most frequently visited doctor. As panoramic radiographs are 
the unanimously employed imaging modality, they offer the 
dentist an opportunity to screen sizable population.29 Based 
on this study, sensitivity for the MCI was found to be more 
than 95%. With this, we can suggest the orthopedic com-
munity to utilize OPG as their screening tool, as this turns 
out to be a simple, quick and devoid of any special instru-
ment requirements and, most importantly, might support 
the financially compromised subjects of our community. By 
utilizing these, dentists might be able to scrutinize high-risk 
geriatric patients with osteoporosis who might need imme-
diate medical attention for further assessment and treatment 
by evaluating dental radiographs. Further studies with a 
larger sample of greater ethnic diversity are needed to better 
elucidate whether dentists could detect early warning signs 
of osteoporosis risk.

Limitations of the Study
However, there are a few limitations to the current study. 
Because of limited resources, other risk factors such as back-
country or urbane, literacy status, other data like height and 
shape of the alveolus, number of teeth present and, most of 
all, female participants’ estrogen status were not included and 
were assumed to be normal. In addition to this, the MCI index 
due to its substantial intra- and interexaminer variability and 
its poor reproducibility holds limited validity.30 As bone is a 
heterogeneous structure, BMD varies in each area. Thus, BMD 
of spine and femur neck alone cannot be solely considered the 
standard. Accordingly, other markers such as serum and uri-
nary markers should be considered in assessing general bone 
status, which was not included in the present study. Many fac-
tors affect the radiographic findings, for example, standard-
ization of head positioning, projection, optimized radiation 
dose, and anatomic variability. However, for MCI only, minor 
discrepancy was reported to be caused by positioning error 
and operatory error.31 Few similar studies have proclaimed 
fair reproducibility with MCI.32,33The orthopedic community 
can still look forward to this study, as this still prevails in dis-
playing findings concerning age in addition to BMD.

MCI could very well be utilized as an effective econom-
ical screening tool in detecting occult BMD changes before 
opting for direct DEXA scan. Less developed nation as us, 
where DEXA scan facilities are not readily available for all, 
dentists’ contribution becomes vital. OPG could very well 

reduce unnecessary referral to distant DEXA facility centers. 
Moreover, in detecting bone density changes by dentists, it 
has dual-edge advantage, as the prognosis is better. It should 
be emphasized that OPG markers and oral cavity changes can 
only serve as a screening tool, whereby a confirmatory test 
with DEXA can be prescribed for osteoporosis detection.
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Cysteine cathepsins are lysosomal proteases that require Cys-His ion pair in their cata-
lytic site for enzymatic activity. While their aberrant expression and oncogenic functions 
have been widely reported in solid tumors, recent findings suggest that these proteases 
also play an important role in the pathogenesis of hematological malignancies. In this 
review, we summarize the potential clinical implications of cysteine cathepsins as diag-
nostic and prognostic markers in leukemia, and present evidences which supports the 
utility of these proteases as potential therapeutic targets in hematological malignancies. 
We also highlight the available information on the expression patterns, regulation, and 
potential functions of cysteine cathepsins in normal hematopoiesis and hematological 
malignancies. In hematopoiesis, cysteine cathepsins play a variety of physiological roles 
including regulation of hematopoietic stem cell adhesion in the bone marrow, traffick-
ing, and maturation. They are also involved in several functions of immune cells which 
include the selection of lymphocytes in the thymus, antigen processing, and presenta-
tion. However, the expression of cysteine cathepsins is dysregulated in hematological 
malignancies where they have been shown to play diverse functions. Interestingly, sev-
eral pieces of evidence over the past few years have demonstrated overexpression of 
cathepsins in leukemia and their association with worst survival outcomes in patients. 
Strategies aimed at altering the expression, activity, and subcellular localization of 
these cathepsins are emerging as potential therapeutic modalaties in the management 
of hematological malignancies. Recent findings also suggest the involvement of these 
proteases in modulating the immune response in leukemia and lymphomas.
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Introduction
Cysteine cathepsins are endo-lysosomal proteases that are 
primarily responsible for the turnover and degradation of 
intracellular proteins. These proteases are also involved in 
various other physiological processes including antigen pre-
sentation,1 sperm maturation,2 pro-hormone activation,3 

ovulation,4 and fetal implantation.5,6 Altered expression of 
these proteases underlie various pathological processes such 
as atherosclerosis,7 rheumatoid arthritis,8 autoimmune dis-
orders,9 and several types of malignancies.10,11

Cysteine cathepsins contain a highly conserved cysteine 
residue in their active sites. Due to a high degree of homol-
ogy to the plant enzyme papain, these proteases have been 
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included in the C1 family of the clan CA proteases.12 HUGO 
Gene Nomenclature Committee have recognized a total of 
15 functional genes for cathepsins in the human genome 
(https://www.genenames.org/). These include 11 cysteine 
cathepsins (CTS-B, C, F, H, K, L, O, S, V, W, and Z) and four 
noncysteine cathepsins (CTS-A, G, D, and E). They are syn-
thesized as catalytically inactive pre-pro-enzymes (zymo-
gens) on endoplasmic reticulum (ER) bound ribosomes and 
acquire mannose 6-phosphate tag while passing through 
the ER-Golgi network.13 This tag along with the vesicular 
mannose 6-phosphate plays a key role in targeting them to 
lysosomes. In the acidic environment of lysosomes, these 
zymogens are proteolytically processed into their catalyti-
cally active form. The processed form of cysteine cathepsins 
ranging from 20 to 35 kDa in size consists of a heavy and a 
light chain subunit which are linked by disulphide bridges. 
However, unlike other cysteine cathepsins, the processed 
form of CTSC exists as an oligomer. While most cathepsins 
are active at acidic pH, CTSS and CTSL display their optimal 
activities at alkaline and neutral pH, respectively.14

Although a majority of human cysteine cathepsins (CTS-B, 
H, L, C, X, F, O, and V) are ubiquitously expressed, cathepsin K, 
W, and S display tissue-specific pattern.14 CTSK is expressed 
in osteoclasts, most epithelial cells, and also in the synovial 
fibroblasts of rheumatoid arthritis patients, whereas CTSV 
(named as L2, a variant of CTSL) is found in thymus and testis. 
CTS such as K, L, S, F, V, and B which display high elastolytic 
and collagenolytic activities are involved in ECM remodel-
ing. Since cathepsin B, C, H, and L are regulated by common 
transcription factors, they are often coexpressed in a variety 
of tissues and cell types. Studies using oligopeptide libraries 
have revealed overlapping substrate specificities of cysteine 
cathepsins but individual preferences to different peptide 
sequence.15,16

Elevated expression of cysteine cathepsins in solid tumors 
has been extensively documented.11,17 They promote tumor 
cell proliferation, inhibit apoptosis, and mediate metastasis. 
Higher enzymatic activities of cysteine cathepsins are also 
associated with poor overall survival outcomes in leukemic 
patients.18,19 In this review, we attempt to present current 
knowledge about the role of cysteine cathepsins in the patho-
genesis of leukemia and their utility in its management.

Cysteine Cathepsins in Hematopoiesis and 
Immune Cells Functions
Under physiological conditions, a majority of cysteine 
cathepsins are primarily localized to lysosomes and play a 
key role in the turnover and degradation of intracellular pro-
teins. However, localization of these proteases in the nucleus, 
cell surface, and extracellular milieu is also documented 
where they perform more specialized functions.14 Several 
cysteine cathepsins are expressed in cells at different stages 
of hematopoiesis. In the bone marrow, hematopoietic stem 
cells (HSCs) and other progenitor cells are trapped in com-
plex microenvironment containing osteoblasts and stromal 
cells. This adhesion is partially mediated by chemoattrac-
tant CXCL12.20 Osteoblasts and stromal cells synthesize and 

secrete large quantities of CTSZ, which in turn degrade 
CXCL12 and thereby regulate hematopoietic stem and pro-
genitor cell trafficking.21 Similarly, cathepsin S and D coor-
dinate to facilitate the commitment of HSCs to differentiate 
into dendritic cells.22 Moreover, CTSZ has been shown to 
control phagocytosis in macrophages and maturation of den-
dritic cells via proteolytically activating β2 integrin receptor 
Mac-1 (CD11b/CD18).23 Interestingly, Lalanne et al through 
a series of elegant experiments, established that toll-like 
receptor-9 (TLR-9) signaling inhibits expansion of pro-B cells 
via CTSB dependent apoptosis, thereby demonstrating the 
involvement of this cysteine cathepsin in the regulation of 
lymphopoiesis.24

Several studies demonstrating the role of cysteine cathep-
sins in antigen processing in both professional and non-
professional antigen presenting cells have been reviewed 
previously.25,26 Multiple cathepsins are involved in invariant 
chain processing and major histocompatibility complex class 
II peptide loading by macrophages.27 During thymic selec-
tion, several proteases are differentially expressed in thymic 
antigen presenting cells to process autoantigens, which gov-
erns the selection of autoreactive T-cells. Cathepsin S, L, B, 
and D are involved in antigen processing in APCs.28 CTSV is 
the dominant cysteine protease in cortical thymic epithe-
lial cells, while CTSL and CTSS are restricted to dendritic 
and macrophage-like cells.29 Interestingly, CTSS plays a cen-
tral role in the processing of the autoantigens in the thy-
mus.30 However, CTSW, the predominant cathepsin of natural 
killer cells and CD8+ T-lymphocytes is secreted during cyto-
toxic T cell effector functions.31 Recently, functions of cyste-
ine cathepsins in tumor-associated immune cells have been 
reviewed in detail.32

Prognostic Significance of Cysteine 
Cathepsins in Leukemia
The elevated expression of cysteine cathepsins in patholog-
ical conditions such as inflammatory diseases, cancer cell 
proliferation, and metastasis has prompted researchers over 
the years to explore the clinical significance of these prote-
ases. The utility of circulating cysteine cathepsins as a poten-
tial diagnostic biomarker has been explored in solid tumors 
such as nasopharyngeal,33 gastric,34 and lung cancer.35

In 2003, overexpression of cysteine cathepsin W and C  
was demonstrated in peripheral blood mononuclear cells 
(PBMCs) of large granular lymphocytic (LGL) leukemia 
patients.36 However, protease inhibitors such as cystatin C, 
A, alpha-1 antitrypsin, and metalloproteinase inhibitors 
were observed to be downregulated in these patients. A pilot 
study in our laboratory was undertaken to assess the expres-
sion of cysteine cathepsin B and L in the (PBMCs) of pediat-
ric acute myeloid leukemia (AML) patients and age-matched 
healthy controls by real-time PCR, and enzymatic assays for 
both these proteases.37 The results of this study revealed sig-
nificantly higher activity and expression of both these pro-
teases in AML patients compared to the healthy controls. 
Furthermore, the expression of cystatin C displayed a strong 
negative correlation with the activities of both CTSB and 
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CTSL in AML patients. Interestingly, AML patients with higher 
activities and expression of these cathepsins exhibited an 
inferior overall, and event-free survival as compared to the 
patients with lower activities of the same. These results sug-
gested the prognostic significance of both CTSL and CTSB 
in pediatric AML. Subsequent studies were undertaken to 
validate these findings by using a large cohort of 101 newly 
diagnosed pediatric AML patients and 35 healthy controls. 
In these studies, the expression and activities of both the 
proteases were assessed by real-time PCR, Western blotting, 
and enzyme assays, respectively before the induction of che-
motherapy and postinduction. A detailed plan of the same 
is summarized in ►Fig. 1. The results of these studies estab-
lished significantly higher expression and activities of both 
these proteases not only in PBMCs but also in bone marrow 
mononuclear cells (BMMCs) of pediatric AML patients as com-
pared to healthy controls.18,19 Activity of both the proteases 
displayed a dramatic reduction in response to chemotherapy, 
thereby suggesting the association of these proteases with 
the status of malignancy. By multivariate analysis, CTSL and 
CTSB in BMMCs emerged as independent prognostic markers 
for predicting the poor outcome of the disease. Survival anal-
ysis based on median CTSL/CTSB activity in pediatric AML 
patients is summarized in ►Table 1.18,19 As evident from this 
table, the overall survival (OS) and event-free survival (EFS) 
in AML patient group with low CTSL activity (lower than the 
median value) were observed to be 20.4 and 12.5 months, 
respectively. Whereas OS and EFS in patient group with high 
activity (higher than the median value) of this protease were 
observed to be 8.0 and 9.8 months, respectively. Similarly, OS 
and EFS in group of patients with low activity of CTSB (in 
PBMC) were estimated to be 26.2 and 14.3 months, respec-
tively. On the other hand, OS and EFS in patients with high 
CTSB activity were found to be 8.23 months and 9.8 months, 
respectively. Thus these results conclusively demonstrated 
significantly higher OS and EFS in patients with low activities 
of CTSL and CTSB as compared to the patient group with high 
activity of these proteases. Similar findings were observed in 
this study when patients were divided based on the activ-
ity of these cysteine cathepsins in BMMCs. Thus, Pandey et 
al convincingly demonstrated significantly inferior OS and 

EFS in AML patients with high CTSB and CTSL activities as 
compared to the low activity group, thereby establishing 
their utility as potential prognostic markers in this malig-
nancy.18,19 Although the activities of these proteases were sig-
nificantly higher in patient’s BMMCs as compared to PBMCs, 
they displayed a strong positive correlation in both the cell 
types. These findings confirmed that the expression/activ-
ity of CTSB and CTSL in PBMCs reflects their expression in 
BMMCs of AML patients, which enhances the feasibility of 
assaying these proteases in peripheral blood samples for pre-
dicting the outcome of the disease or to monitor the progress 
of the therapy.

Chromosomal localization studies mapped human cathe-
psin L gene to 9q 21-22.38 Altered expression of genes located 
on the long arm (q arm) of chromosomes 9 was previously 
demonstrated in chronic myelogenous leukemia (CML) 
patients.39 Given these reports and observed overexpression 
of CTSL in AML patients, Samaiya et al measured the activ-
ity and expression of this protease in the PBMCs of 47 CML 
patients.40 In total, 37 adults with systemic infection as well 
as 50 healthy volunteers served as controls in this study. 
This investigation revealed significantly higher expression 
and activity of CTSL in CML patients compared to patients 
with systemic infection and healthy volunteers. However, 
CML patients in the accelerated phase/blast crisis (AP/BC) 
displayed a drastic decrease in CTSL expression and activity 
as compared to the patients in the chronic phase of the dis-
ease. Promoter methylation studies revealed that this drastic 
decrease in CTSL expression in AP/BC patients was due to 
hypermethylation of its promoter. These findings were fur-
ther corroborated by the treatment of human blast crisis cells 
K562 by DNA methyltransferase inhibitor 5-Azacytidine, 
which restored the expression of CTSL in these cells to 
the level of chronic phase. These results were further con-
firmed by the treatment of PBMCs isolated from blast crisis 
patients with 5-Azacytidine. In chronic phase patients, a 
CTSL expression exhibited a very strong positive correlation 
with the expression of vascular endothelial growth factor 
(VEGF). Thus, in view of the previous reports on transcrip-
tional upregulation of CTSL expression by VEGF,41 elevated 
levels of CTSL in chronic phase patients were attributed to 

Table 1  Survival analysis of pediatric acute myeloid leukemia patients by the median activity of cysteine cathepsins. 

CTSL 
activity 
PBMCs
(Low)

CTSL 
activity 
PBMCs
(High)

CTSL 
activity 
BMMCs
(Low)

CTSL 
activity 
BMMCs
(High)

CTSB 
activity 
PBMCs
(Low)

CTSB 
activity 
PBMCs
(High)

CTSB 
activity 
BMMCs
(Low)

CTSB 
activity 
BMMCs
(High)

EFS (mo) 12.5a 8.0 12.4a 7.9 14.3a 8.23 13.8a 8.2

OS (mo) 20.4a 9.8 18.1a 9.4 26.2a 9.8 26.2a 9.5

References 18 19

Abbreviations: BMMC, bone marrow mononuclear cell; CTSB, cathepsin B; CTSL, cathepsin L; EFS, event free survival; OS, overall survival; PBMC, periph-
eral blood mononuclear cell.
Note: Peripheral blood mononuclear cells and bone marrow mononuclear cells were isolated by percol density gradient centrifugation from 103 newly 
diagnosed acute myeloid leukemia patients. The cells were lysed and the activities of CTSB and CTSL were assayed in the cell lysates. The median value of 
each of the above mentioned cysteine cathepsin was determined. Patients were divided into two groups based on the median value of enzyme activities. 
The patients with CTSB activities higher or equal to the median values were placed in the high enzyme activity group and rest in the low enzyme activity 
group. A similar criterion was used for placing patients in high or low CTSL groups. Kaplan–Meier survival analysis was used to determine the association 
of protease expression with event-free survival and overall survival. The relapse or death of the patient was considered as an event.
aValues significantly different from high cysteine cathepsin group.
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Fig. 1 (A-C) Experimental plan used to investigate the prognostic and therapeutic significance of cathepsins B and cathepsin L in acute myeloid 
leukemia. Figure edited and reproduced from Pandey et al.18,19
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elevated expression of VEGF during this phase of malignancy. 
Elevation in CTSL expression by the treatment of PBMCs 
isolated from healthy volunteers with recombinant VEGF 
corroborated these findings. This study although did not 
evaluate the prognostic significance of CTSL, demonstrated 
that unlike in AML, this protease is overexpressed in CML 
patients in chronic phase and thus associated with better 
outcome of the disease.40

While the above mentioned studies strongly support 
prognostic implications of cysteine cathepsins in individual 
hematological malignancies, correlating the expression and 
activities of these proteases with clinical/molecular subtype 
may further confirm the utility of cysteine cathepsins as 
prognostic markers. In line with this view, Wrona et al com-
pared the expression of CTSB in different genetic subtypes 
of B-cell precursor acute lymphoblastic leukemia (BCP-ALL) 
and observed overexpression of CTSB in BMMCs of BCP-ALL 
patients with deletion of paired box 5 (PAX5) gene, but no 
other primary genetic abnormality.42 However, this differen-
tial expression of CTSB did not have any significant impact on 
the 5-year recurrence-free survival in these patients.

In the past few years, several studies have explored the 
utility of cysteine cathepsins in diagnostic imaging for the 
detection of cancers.43 Activity-based fluorescence probes for 
these proteases have been successfully used for image-guided 
surgery of multiple cancers44,45 and bone diseases.46-48 A sim-
ilar strategy might prove beneficial for less invasive in vivo 
detection of leukemic cells in the bone marrow.

Although fewer studies assessing the role of cysteine 
cathepsins in blood cancer are available as compared to solid 
tumors, they certainly provide a rationale to further explore 
their potential as diagnostic/prognostic markers in leukemia. 
Moreover, the systemic nature of leukemic cells may allow 

their usage as routine noninvasive biomarkers in clinical 
practice. Various studies which which have been carried out 
to investigate the utility of cysteine cathepsins as biomarkers 
in leukemia are listed in ►Table 2.

Cathepsins as Therapeutic Targets in 
Leukemia
Initial studies to understand the role of cysteine cathep-
sins in different pathologies by inhibition of their activities 
proved difficult because of the broad specificity of inhibi-
tors. However, computational approaches eventually lead 
to the identification of specific inhibitors. The details of 
these inhibitors have been extensively reviewed.49 Active 
site mapping strategies combined with inhibitor library 
screenings lead to the identification of several specific 
inhibitors for CTSB and CTSL.50-52 Using in vitro and mouse 
xenograft models, several studies have demonstrated the 
potential therapeutic utility of cysteine cathepsin inhibition 
in the management of cancers of the pancreas, prostate, and 
brain.53-55 A combination of cysteine cathepsins with pre- 
existing targeted therapies have also been reported to improve 
therapeutic effectiveness. For example, the combined use of 
anti-VEGF antibody and anti-cathepsin S antibody syner-
gistically inhibits angiogenesis in solid tumors.56 Similarly, 
CTSS inhibitor (Z-FL-COCHO) sensitized renal carcinoma 
cells to tumor necrosis factor-related apoptosis-inducing 
ligand-mediated apoptosis in vitro.57 Interestingly, cyste-
ine cathepsins are also expressed at high levels in stromal 
cells of the tumor microenvironment (TME), particularly in 
tumor-associated macrophages (TAMs). TAMs exhibit high 
plasticity in their function and display both pro- and anti-
tumor properties depending upon cues received from the 

Table 2  Studies on potential utility of cysteine cathepsins as biomarkers in leukemia

Sample/Tissue Detection Method Feasibility of 
implementation in clinical 
practice

Reference(s)

BMMC/PBMC Total mRNA qRT-PCR Feasible and rapid 19

Cell specific mRNA level Cell enrichment by FACS/
MACS followed by qRT-PCR

Less feasible in the routine 
clinical setting

NA

Cell specific protein level Flow cytometry Already used in the routine 
clinical setting

70

Enzyme activity Biochemical assay Feasible for some cathepsins, 
including CTSB and CTSL

18

Bone marrow cells Enzyme activity In vivo imaging using activi-
ty-based probes

Potentially feasible 44,45

Serum/body fluids Circulating total cathepsin 
level

ELISA Feasible and rapid 71

Cathepsin/cystatin complex 
level

Sandwich ELISA with simulta-
neous recognition of cathep-
sin and cystatin present as 
complex

Feasible and rapid 72

Abbreviations: BMMC, bone marrow mononuclear cell; CTSB, cathepsin B; CTSL, cathepsin L; ELISA, enzyme-linked immunosorbent assay; FACS,  
fluorescence activated cell sorting; MACS, magnetic activated cell sorting; NA, not available; PBMC, peripheral blood mononuclear cell; qRT-PCR, 
quantitative real time polymerase chain reaction.
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cellular microenvironment.58 Therefore, an important consid-
eration for cysteine cathepsin inhibition may also be to first 
determine the cell-specific role of these proteases in the TME. 
In line with this, a study using a murine model of breast cancer 
reported that CTSB overexpression in tumor cells, not stromal 
cells to be associated with tumor progression.59 The secretion 
of cysteine cathepsins by TAMs has also been demonstrated 
to induce resistance to taxol, doxorubicin, and etoposide in 
breast cancer.60 Inhibition of cysteine cathepsins B, L, and S by 
a novel inhibitor GB111-NH2 has been shown to induce oxi-
dative stress and apoptosis in macrophages.61 Interestingly, 

apoptosis in TAMs also induced death of neighboring breast 
cancer cells in vivo and hence resulted in regression of the 
primary growth. In leukemia, the determination of the cel-
lular origin of protease expression could be comparatively 
easier than solid tumors because of the ready availability of 
single cells suspensions. Additionally, the implementation of 
cysteine cathepsins as prognostic markers or in predicting 
the therapeutic response in future might be comparatively 
easier in leukemia than in solid tumors since flow cytome-
try is routinely used for the diagnosis of of this malignancy. 
It may further facilitate determination of their cell specific 

Fig. 2 Putative role of cysteine cathepsins in leukemia. The mRNA of cysteine cathepsins are synthesized in the nucleus, transported to the 
cytosol, and translated into pre-pro-cathepsins on ER bound ribosomes. These pre-pro-cathepsins further undergo post-translational modifi-
cations in the ER-Golgi network to form pro-cathepsins. These pro-cathepsins are either packaged into lysosomes or secreted out of the cells. 
In lysosomes or acidic leukemic microenvironment, these pro-cathepsins are proteolytically processed to their enzymatically active forms, 
where they function in the degradation and turnover of intracellular proteins and extracellular matrix, respectively. During protein degrada-
tion, autophagic phagosomes fuse with lysosomes (forming autophagosomes), where active cathepsin degrade these dead/damaged organ-
elles and proteins for recycling. As cathepsins are overexpressed in leukemia, treatment with cathepsin inhibitors leads to the accumulation 
of cellular debris and enlarged lysosomes with inactive cathepsins, and subsequently, induce caspase-mediated apoptosis. Further, it may also 
inhibit the degradation of asparaginase and CXCL12 in the leukemic microenvironment, thereby regulating the egression and drug response of 
leukemic cells. Lysosome permeabilization inducers disrupt lysosomal membrane integrity leading to the release of cathepsins into the cytosol, 
which also induces apoptosis. Cystatins are endogenous inhibitors of cysteine cathepsins and protect cells from cytosolic cathepsin induced 
apoptosis. LSPs, lysosome permeabilization.
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expression pattern along with established clinical mark-
ers and thus help in identification of molecular subtypes of 
leukemia.

Previous studies have demonstrated CTSB-mediated 
degradation of asparaginase, a drug used to treat childhood 
ALL, thereby rendering it ineffective in the treatment of this 
leukemia.62,63 This observation was further supported by 
increased half-life of asparaginase in patients harboring ger-
mline mutation in the CTSB gene, resulting in the deletion 
of a highly conserved lysine residue in its carboxy termi-
nus (p.K237del).62 This may explain the extensive variations 
in response to asparaginase therapy observed in leukemic 
patients and suggests that CTSB inhibition may augment 
therapeutic response and overcome drug resistance in ALL.

Few studies have been undertaken to elucidate the mech-
anism of cysteine cathepsin inhibition mediated cell death in 
leukemia. Zhu and Uckun demonstrated induction of apop-
tosis in multiple human leukemia and lymphoma cell lines 
by the inhibition of cysteine cathepsins with pan cathep-
sin inhibitor I (CATI-I).64 This selective inhibitor of cysteine 
cathepsins triggered apoptosis in a caspase-independent, 
p53-independent, BAX-independent as well as MAP kinase- 
independent fashion. With the recent advancements in the 
understanding of cell death pathways, determination of the 
full potential of targeting individual cysteine cathepsins 
may prove useful in the management of leukemia. With 
this objective, Pandey et al sought to investigate the ther-
apeutic potential of CTSB inhibition in AML using an AML 
derived human cells line THP-1.19 The strategy used in this 
study is given in ►Fig. 1B, C. The results of this study con-
clusively demonstrated the abrogation of cell proliferation 
and induction of caspase-dependent apoptosis in THP-1 cells 
by inhibition of CTSB with CA-074 Me.19 Furthermore, doxo-
rubicin—a conventional drug used to treat this malig-
nancy—efficiently inhibited CTSB activity in vivo as well 
as in vitro, thereby suggesting that this therapeutic agent 
imparts some part of its cytotoxic effects on leukemic cells 
by inhibiting CTSB. Docking and simulation studies con-
firmed the binding of doxorubicin to the active site of 
CTSB with higher binding energy than its specific inhibitor 
CA-074 Me. These results establish the potential utility of 
CTSB as a therapeutic target. Consistent with these findings, 
benzyl-oxycarbonyl-phenylalanine-alanine-chloromethyl 
ketone (z-FA-CMK), a specific CTSB inhibitor has recently 
been shown to induce oxidative stress mediated apoptosis in 
leukemic T-cells at low concentrations, while at high concen-
trations, it induced necrotic cell death.65,66 The putative  roles 
of cysteine cathepsins in leukemia have been summarized in 
►Fig. 2.

In addition of being therapeutic targets in leukemia, 
cysteine cathepsins have also been shown to be mediators 
of cell death in certain conditions. Ivanov et al observed 
that certain CD20-specific mAbs and HLA-DR specific 
mAb induce a nonapoptotic cell death that is rapid, non-
autophagic, and involve disintegration of lysosomal mem-
brane, thereby releasing its contents including CTSB into 
the cytoplasm.67 Similarly, in another study, Puissant et al 

demonstrated that imatinib induced death of CML cells is 
associated with lysosomal membrane permeabilization 
leading to release of CTSB into the cytosolic compartment 
which in turn cleaves BCR-ABL and thereby induces apop-
tosis.68 Consistent with these findings, treatment of chronic 
lymphocytic leukemia cells with lysosomotropic agents 
also induced cell death following CTSB release.69

In summary, elevated levels of cysteine cathepsins in 
different types of leukemia and their association with poor 
survival outcomes in patients suggest their potential utility 
as a prognostic marker. Additionally, targeting specific cys-
teine cathepsins in combination with existing targeted ther-
apies in leukemia may improve patient survival. Therefore, 
future studies aimed at delineating the cathepsin-mediated 
cell survival/apoptotic pathways in leukemia may open new 
therapeutic avenues.

Funding
Research in the laboratory of SSC is supported by research 
grants from Department of Science and Technology 
(India), Defence Research and Development Organisation 
(India), and Indian Council of Medical Research (India). 
M.A. is the recipient of SRF from Council of Scientific and 
Industrial Research (India).

Conflict of Interest
None declared.

References

1 Conus S, Simon HU. Cathepsins and their involvement in 
immune responses. Swiss Med Wkly 2010;140(2930):w13042

2 Mathur PP, Grima J, Mo MY, et al. Differential expression of 
multiple cathepsin mRNAs in the rat testis during matura-
tion and following lonidamine induced tissue restructuring. 
Biochem Mol Biol Int 1997;42(2):217–233

3 Hook V, Funkelstein L, Lu D, Bark S, Wegrzyn J, Hwang S-R. 
Proteases for processing proneuropeptides into peptide neu-
rotransmitters and hormones. Annu Rev Pharmacol Toxicol 
2008;48:393–423

4 Carnevali O, Cionna C, Tosti L, Lubzens E, Maradonna F. Role 
of cathepsins in ovarian follicle growth and maturation. Gen 
Comp Endocrinol 2006;146(3):195–203

5 Amarante-Paffaro AM, Hoshida MS, Yokota S, et al. 
Localization of cathepsins D and B at the maternal-fetal 
interface and the invasiveness of the trophoblast during the 
postimplantation period in the mouse. Cells Tissues Organs 
2011;193(6):417–425

6 Divya CP, Mahajan VS, Datta Gupta S, Chauhan SS. Differential 
activity of cathepsin L in human placenta at two different 
stages of gestation. Placenta 2002;23(1):59–64

7 Zhao CF, Herrington DM. The function of cathepsins B, D, and 
X in atherosclerosis. Am J Cardiovasc Dis 2016;6(4):163–170

8 Hashimoto Y, Kakegawa H, Narita Y, et al. Significance of cathep-
sin B accumulation in synovial fluid of rheumatoid arthritis. 
Biochem Biophys Res Commun 2001;283(2):334–339

9 Edman MC, Janga SR, Meng Z, et al. Increased Cathepsin S activity  
associated with decreased protease inhibitory capacity contrib-
utes to altered tear proteins in Sjögren’s Syndrome patients. Sci 
Rep 2018;8(1):11044

10 Unraveling the Role of Proteases in Cancer Koblinski J,  
Ahram M, Sloane B. 2000;291



115Cysteine Cathepsins in Leukemia Arora et al.

Annals of the National Academy of Medical Sciences  (India) Vol. 57 No. 2/2021 © 2021. National Academy of Medical Sciences (India).

11 Chauhan SS, Goldstein LJ, Gottesman MM. Expression of cathep-
sin L in human tumors. Cancer Res 1991;51(5):1478–1481

12 Rawlings ND, Barrett AJ, Bateman A. MEROPS: the database of 
proteolytic enzymes, their substrates and inhibitors. Nucleic 
Acids Res 2012;40(Database issue):D343–D350

13 Braulke T, Bonifacino JS. Sorting of lysosomal proteins. Biochim 
Biophys Acta 2009;1793(4):605–614

14 Turk V, Stoka V, Vasiljeva O, et al. Cysteine cathepsins: from 
structure, function and regulation to new frontiers. Biochim 
Biophys Acta 2012;1824(1):68–88

15 Choe Y, Leonetti F, Greenbaum DC, et al. Substrate profiling 
of cysteine proteases using a combinatorial peptide library 
identifies functionally unique specificities. J Biol Chem 
2006;281(18):12824–12832

16 Biniossek ML, Nägler DK, Becker-Pauly C, Schilling O. Proteomic 
identification of protease cleavage sites characterizes prime 
and non-prime specificity of cysteine cathepsins B, L, and S. J 
Proteome Res 2011;10(12):5363–5373

17 Rudzińska M, Parodi A, Soond SM, et al. The role of cysteine 
cathepsins in cancer progression and drug resistance. Int J Mol 
Sci 2019;20(14):3602

18 Pandey G, Bakhshi S, Thakur B, Jain P, Chauhan SS. Prognostic 
significance of cathepsin L expression in pediatric acute 
myeloid leukemia. Leuk Lymphoma 2018;59(9):2175–2187

19 Pandey G, Bakhshi S, Kumar M, et al. Prognostic and therapeu-
tic relevance of cathepsin B in pediatric acute myeloid leuke-
mia. Am J Cancer Res 2019;9(12):2634–2649

20 Sugiyama T, Kohara H, Noda M, Nagasawa T. Maintenance of 
the hematopoietic stem cell pool by CXCL12-CXCR4 chemok-
ine signaling in bone marrow stromal cell niches. Immunity 
2006;25(6):977–988

21 Staudt ND, Aicher WK, Kalbacher H, et al. Cathepsin X is 
secreted by human osteoblasts, digests CXCL-12 and impairs 
adhesion of hematopoietic stem and progenitor cells to osteo-
blasts. Haematologica 2010;95(9):1452–1460

22 Martino S, Tiribuzi R, Ciraci E, et al. Coordinated involvement 
of cathepsins S, D and cystatin C in the commitment of hema-
topoietic stem cells to dendritic cells. Int J Biochem Cell Biol 
2011;43(5):775–783

23 Kos J, Jevnikar Z, Obermajer N. The role of cathepsin X in cell 
signaling. Cell Adhes Migr 2009;3(2):164–166

24 Lalanne AI, Moraga I, Hao Y, et al. CpG inhibits pro-B cell 
expansion through a cathepsin B-dependent mechanism. J 
Immunol 2010;184(10):5678–5685

25 Honey K, Rudensky AY. Lysosomal cysteine proteases regulate 
antigen presentation. Nat Rev Immunol 2003;3(6):472–482

26 Hsing LC, Rudensky AY. The lysosomal cysteine prote-
ases in MHC class II antigen presentation. Immunol Rev 
2005;207(1):229–241

27 Shi G-P, Bryant RA, Riese R, et al. Role for cathepsin F in 
invariant chain processing and major histocompatibility 
complex class II peptide loading by macrophages. J Exp Med 
2000;191(7):1177–1186

28 Driessen C, Lennon-Duménil A-M, Ploegh HL. Individual 
cathepsins degrade immune complexes internalized by anti-
gen-presenting cells via Fcgamma receptors. Eur J Immunol 
2001;31(5):1592–1601

29 Tolosa E, Li W, Yasuda Y, et al. Cathepsin V is involved 
in the degradation of invariant chain in human thymus 
and is overexpressed in myasthenia gravis. J Clin Invest 
2003;112(4):517–526

30 Stoeckle C, Quecke P, Rückrich T, et al. Cathepsin S dominates 
autoantigen processing in human thymic dendritic cells. J 
Autoimmun 2012;38(4):332–343

31 Stoeckle C, Gouttefangeas C, Hammer M, Weber E, Melms 
A, Tolosa E. Cathepsin W expressed exclusively in CD8+ T 
cells and NK cells, is secreted during target cell killing but is 
not essential for cytotoxicity in human CTLs. Exp Hematol 
2009;37(2):266–275

32 Jakoš T, Pišlar A, Jewett A, Kos J. Cysteine cathepsins in 
tumor-associated immune cells. Front Immunol 2019;10:2037

33 Tan G, Liu Q, Tang X, et al. Diagnostic values of serum cathep-
sin B and D in patients with nasopharyngeal carcinoma. BMC 
Cancer 2016;16:241

34 Liu W-L, Liu D, Cheng K, et al. Evaluating the diagnostic and 
prognostic value of circulating cathepsin S in gastric cancer. 
Oncotarget 2016;7(19):28124–28138

35 Kehlet SN, Bager CL, Willumsen N, et al. Cathepsin-S degraded 
decorin are elevated in fibrotic lung disorders - development 
and biological validation of a new serum biomarker. BMC Pulm 
Med 2017;17(1):110

36 Kothapalli R, Bailey RD, Kusmartseva I. Mane S, Epling-
Burnette PK, Loughran TP Jr. Constitutive expression of cyto-
toxic proteases and down-regulation of protease inhibitors in 
LGL leukemia. Int J Oncol 2003;22(1):33–39

37 Jain M, Bakhshi S, Shukla AA, Chauhan SS. Cathepsins B and 
L in peripheral blood mononuclear cells of pediatric acute 
myeloid leukemia: potential poor prognostic markers. Ann 
Hematol 2010;89(12):1223–1232

38 Chauhan SS, Popescu NC, Ray D, Fleischmann R, Gottesman 
MM, Troen BR. Cloning, genomic organization, and chro-
mosomal localization of human cathepsin L. J Biol Chem 
1993;268(2):1039–1045

39 Albano F, Specchia G, Anelli L, et al. Genomic deletions on other 
chromosomes involved in variant t(9;22) chronic myeloid leu-
kemia cases. Genes Chromosomes Cancer 2003;36(4):353–360

40 Samaiya M, Bakhshi S, Shukla AA, Kumar L, Chauhan SS. 
Epigenetic regulation of cathepsin L expression in chronic 
myeloid leukaemia. J Cell Mol Med 2011;15(10):2189–2199

41 Keerthivasan S, Keerthivasan G, Mittal S, Chauhan SS. Tran-
scriptional upregulation of human cathepsin L by VEGF in 
glioblastoma cells. Gene 2007;399(2):129–136

42 Wrona E, Jakubowska J, Pawlik B, et al. Gene expression 
of ASNS, LGMN and CTSB is elevated in a subgroup of 
childhood BCP-ALL with PAX5 deletion. Oncol Lett 2019; 
18(6):6926–6932

43 Löser R, Pietzsch J. Cysteine cathepsins: their role in tumor 
progression and recent trends in the development of imaging 
probes. Front Chem 2015;3:37

44 Habibollahi P, Figueiredo J-L, Heidari P, et al. Optical imaging 
with a cathepsin B activated probe for the enhanced detection 
of esophageal adenocarcinoma by dual channel fluorescent 
upper GI endoscopy. Theranostics 2012;2(2):227–234

45 Ma W, Ma L, Zhe H, et al. Detection of esophageal squamous 
cell carcinoma by cathepsin B activity in nude mice. PLoS ONE 
2014;9(3):e92351

46 Kozloff KM, Quinti L, Patntirapong S, et al. Non-invasive optical 
detection of cathepsin K-mediated fluorescence reveals osteo-
clast activity in vitro and in vivo. Bone 2009;44(2):190–198

47 Lai W-FT, Chang C-H, Tang Y, Bronson R, Tung C-H. Early 
diagnosis of osteoarthritis using cathepsin B sensitive 
near-infrared fluorescent probes. Osteoarthritis Cartilage 
2004;12(3):239–244

48 Scales HE, Ierna M, Smith KM, et al. Assessment of murine 
collagen-induced arthritis by longitudinal non-invasive 
duplexed molecular optical imaging. Rheumatology (Oxford) 
2016;55(3):564–572



116

Annals of the National Academy of Medical Sciences  (India) Vol. 57 No. 2/2021 © 2021. National Academy of Medical Sciences (India).

Cysteine Cathepsins in Leukemia Arora et al.

49 Li Y-Y, Fang J, Ao G-Z. Cathepsin B and L inhibitors: a pat-
ent review (2010 - present). Expert Opin Ther Pat 2017; 
27(6):643–656

50 Schmitz J, Gilberg E, Löser R, Bajorath J, Bartz U, Gütschow M. 
Cathepsin B: active site mapping with peptidic substrates and 
inhibitors. Bioorg Med Chem 2019;27(1):1–15

51 Poreba M, Rut W, Vizovisek M, et al. Selective imaging of 
cathepsin L in breast cancer by fluorescent activity-based 
probes. Chem Sci (Camb) 2018;9(8):2113–2129

52 Yuan L, Sheng L, He W, et al. Discovery of novel cathepsin 
inhibitors with potent anti-metastatic effects in breast cancer 
cells. Bioorg Chem 2018;81:672–680

53 Nalla AK, Gorantla B, Gondi CS, Lakka SS, Rao JS. Targeting 
MMP-9, uPAR, and cathepsin B inhibits invasion, migration 
and activates apoptosis in prostate cancer cells. Cancer Gene 
Ther 2010;17(9):599–613

54 Jung M, Lee J, Seo H-Y, Lim JS, Kim E-K. Cathepsin inhibition-in-
duced lysosomal dysfunction enhances pancreatic beta-cell 
apoptosis in high glucose. PLoS One 2015;10(1):e0116972

55 Soond SM, Kozhevnikova MV, Townsend PA, Zamyatnin AA 
Jr. Cysteine cathepsin protease inhibition: an update on its 
diagnostic, prognostic and therapeutic potential in cancer. 
Pharmaceuticals (Basel) 2019;12(2):87

56 Ward C, Kuehn D, Burden RE, et al. Antibody targeting of 
cathepsin S inhibits angiogenesis and synergistically enhances 
anti-VEGF. PLoS One 2010;5(9):e12543

57 Seo BR, Min K-J, Woo SM, et al. Inhibition of cathepsin S 
induces mitochondrial ROS that sensitizes TRAIL-mediated 
apoptosis through p53-mediated downregulation of Bcl-2 and 
c-FLIP. Antioxid Redox Signal 2017;27(4):215–233

58 Chen Y, Song Y, Du W, Gong L, Chang H, Zou Z. Tumor-
associated macrophages: an accomplice in solid tumor pro-
gression. J Biomed Sci 2019;26(1):78

59 Bengsch F, Buck A, Günther SC, et al. Cell type-dependent patho-
genic functions of overexpressed human cathepsin B in murine 
breast cancer progression. Oncogene 2014;33(36):4474–4484

60 Shree T, Olson OC, Elie BT, et al. Macrophages and cathepsin 
proteases blunt chemotherapeutic response in breast cancer. 
Genes Dev 2011;25(23):2465–2479

61 Salpeter SJ, Pozniak Y, Merquiol E, Ben-Nun Y, Geiger T, Blum 
G. A novel cysteine cathepsin inhibitor yields macrophage 

cell death and mammary tumor regression. Oncogene 
2015;34(50):6066–6078

62 van der Meer LT, Waanders E, Levers M, et al. A germ line 
mutation in cathepsin B points toward a role in asparaginase 
pharmacokinetics. Blood 2014;124(19):3027–3029

63 Patel N, Krishnan S, Offman MN, et al. A dyad of lymphoblastic 
lysosomal cysteine proteases degrades the antileukemic drug 
L-asparaginase. J Clin Invest 2009;119(7):1964–1973

64 Zhu D-M, Uckun FM. Cathepsin inhibition induces apop-
totic death in human leukemia and lymphoma cells. Leuk 
Lymphoma 2000;39(3-4):343–354

65 Liow KY, Chow SC. The cathepsin B inhibitor z-FA-CMK induces 
cell death in leukemic T cells via oxidative stress. Naunyn 
Schmiedebergs Arch Pharmacol 2018;391(1):71–82

66 Liow KY, Chow SC. The cathepsin B inhibitor, z-FA-CMK is 
toxic and readily induced cell death in human T lymphocytes. 
Toxicol Appl Pharmacol 2013;272(3):559–567

67 Ivanov A, Beers SA, Walshe CA, et al. Monoclonal antibodies 
directed to CD20 and HLA-DR can elicit homotypic adhesion 
followed by lysosome-mediated cell death in human lymphoma 
and leukemia cells. J Clin Invest 2009;119(8):2143–2159

68 Puissant A, Dufies M, Raynaud S, Cassuto J-P, Auberger P. 
Targeting lysosomes to eradicate imatinib-resistant chronic 
myelogenous leukemia cells. Leukemia 2010;24(5):1099–1101

69 Yoon J-Y, Szwajcer D, Ishdorj G, et al. Synergistic apoptotic 
response between valproic acid and fludarabine in chronic 
lymphocytic leukaemia (CLL) cells involves the lysosomal pro-
tease cathepsin B. Blood Cancer J 2013;3(10):e153–e153

70 Zhang M, Sukhumalchandra P, Enyenihi AA, et al. A novel 
HLA-A*0201 restricted peptide derived from cathepsin G is an 
effective immunotherapeutic target in acute myeloid leuke-
mia. Clin Cancer Res 2013;19(1):247–257

71 Monsouvanh A, Proungvitaya T, Limpaiboon T, et al. Serum 
cathepsin B to cystatin C ratio as a potential marker for the 
diagnosis of cholangiocarcinoma. Asian Pac J Cancer Prev 
2014;15(21):9511–9515

72 Zore I, Krasovec M, Cimerman N, et al. Cathepsin B/cystatin C 
complex levels in sera from patients with lung and colorectal 
cancer. Biol Chem 2001;382(5):805–810



THIEME

117

Rare Complication of Nasogastric Tube Knotting 
around Endotracheal Tube in an Anesthetized Patient 
Undergoing Surgery
Suvidha Sood1 Yeesha Aggarwal1 Anoj Kumar1

1Department of Anaesthesia, ESIC Medical College and Hospital, 
New Delhi, India

Address for correspondence Suvidha Sood, House Number 8, 
Second Floor, Pocket -1, Sector -21, Rohini, New Delhi 110086, India 
(e-mail: suvidhasood1962@gmail.com).

We report a case of successful management of a rare incidence and avoidance of com-
plication of Ryle’s tube knotting around endotracheal tube. A vigilant anesthesia team 
prevented fatal complications of intraoperative accidental extubation and ventilation 
impairment which could have resulted into respiratory distress.
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Introduction
Since the nasogastric tube is flexible and must undergo a sig-
nificant bend in the oropharynx, it is impossible to precisely 
control the position of the end of the tube. There is consid-
erable risk that the tube gets coiled in the mouth or enters 
the trachea, neighboring structures and lung instead of the 
esophagus.1 When the gastric tube is placed orally or nasally, 
it enters the hypopharynx invariably and impacts the struc-
tures thereby coiling in the mouth.2 There are many chances 
that the Ryle’s tube can get coiled during its passage in the 
oral cavity, but in our case a very rare incidence of unusual 
coiling of Ryle’s tube occurred around the endotracheal 
tube (ETT).

Case Report
A 72-year-old male patient with a chief complaint of pain 
abdomen was diagnosed as cholecystitis with pseudopan-
creatic cyst of pancreas. He was scheduled to undergo 
transgastric cystogastrostomy under general anesthesia 
with muscle relaxation and intermittent positive pres-
sure ventilation. An 8.5-mm internal diameter cuffed 
Murphy-eye blue line orotracheal tube was placed under 

direct laryngoscopy and secured at 21 cm mark at the right 
angle of mouth. Mechanical ventilation was initiated and 
the patient’s vital parameters were observed to be within 
normal limits.

Immediately after initiation of surgery, we tried to insert 
the nasogastric tube to decompress the stomach during cho-
lecystectomy. With patient’s head flexed, a lubricated 16 FG 
nasogastric tube was blindly inserted via the right nares. We 
encountered resistance during advancement of Ryle’s tube. 
The nasogastric tube could not be advanced further into 
the oral cavity despite our best efforts. So, we decided to 
remove the Ryle’s tube. We noticed that it was getting teth-
ered during the attempts of its removal. Moreover during the 
entire maneuver of pulling it out, the ETT was also getting 
pulled out along with the Ryle’s tube. About 1 cm of ETT tube 
got displaced and pulled outside while we were trying to 
remove the Ryle’s tube (en masse along with ETT tube). We 
made several unsuccessful attempts to withdraw the naso-
gastric tube, but failed and felt resistance each time. It was 
noticed that ETT was moving in tandem with the nasogastric 
tube, inside oral cavity. With hand palpation, a hard struc-
ture was felt knotted around the ETT, possibly the Ryle’s tube. 
The stomach could not be decompressed and the gastric fluid 
was not aspirated.
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Under direct laryngoscopic view, a clear knot around the 
ETT at a length of 14 cm mark was seen on the ETT. This was 
confirmed with fiberoptic bronchoscopy later (►Fig.  1). To 
decompress the stomach, another nasogastric tube was 
inserted through left nares, which went easily without any 
resistance with gastric contents coming out of it. This proved 
that the left intraoral passage for Ryle’s tube insertion was 
clear and previous Ryle’s tube was not encroaching upon it.

Patient’s hemodynamic parameters remained stable 
throughout the procedure. During the surgery, patient’s sys-
tolic blood pressure varied between 110 and 130 mm Hg 
and diastolic between 70 and 90 mm Hg, pulse rate between 
70 and 90 beats per minute, regular. Peak airway pressure 
remained between 18 and 20 cm H2O. A normal capnographic 
wave form was present. Oxygen saturation was between 
98 and 100% throughout the procedure. After completion of 
surgery, both the previously inserted right sided Ryle’s tube 
and the ETT were removed together en bloc.

Thus, a fatal intraoperative mishap of accidental intraop-
erative extubation and respiratory distress was prevented 
by the vigilance of anesthesia team. Thus, we were able to 
successfully avoid any complication of Ryle’s tube knotting 
around ETT further, which could have resulted in an untow-
ard incidence of ventilation impairment or damage to neigh-
boring structures by its coiling.

After diagnosing nasogastric tube coiled around the ETT, 
further possibility to untie or manipulate it did not exist in 
our case, because both the tubes were moving together. The 
ETT did not get compressed during the entire process as evi-
dent from the patient’s respiratory parameters. No change 
was noticed in patient’s capnography, peak airway pressure, 
and pulse oximetry. So, tracheal extubation and reintubation 
were not considered.

With finger manipulation, the proximal end of the naso-
gastric tube was brought out through the mouth to assist in 
removing nasogastric tube and ETT tube together en masse 
after the surgery. In in vitro examination, nasogastric tube 
was found tightly knotted around but not strangulating the 
tracheal tube just below the 15-cm mark, measured 20 cm 
from the tip of the nasogastric tube (►Fig. 2).

Discussion
One of the most common invasive procedures performed is 
insertion of nasogastric tube for gastric suction and feeding. 
Many different complications of Ryle’s tube insertion have 
been reported in the past, but very rarely similar case reports 
of Ryle’s tube knotting around ETT have been reported in the 
literature previously. Au-Truong et al,3 Hariharan et al,4 and 
Acharya et al5 reported similar incidences of gastric tube 
knotting around ETT stating no damage to the airway by 
Ryle’s tube knotting. Hariharan et al stated the use of twin 
Magill’s forceps to untie the nasogastric tube knotted around 
the ETT. In supine, intubated, anesthetized patients, impact 
of gastric tube on the piriform sinuses and arytenoid car-
tilages is due to the posterior tilt of intubated larynx and 
cuffed tracheal tube itself, which interferes with advance-
ment of the gastric tube2and tends to curl and coil within the 
pharynx. Attempts to withdraw the curled or coiled gastric 
tube may cause a loop to tighten into a knot, rarely around 
the ETT in an intubated patient. Hence, care must be taken 
while doing so.

Many authors have reported different complications of 
Ryle’s tube insertion in intubated patients. Bautista6 reported 
trauma associated with bleeding mainly due to unsuccessful 
attempts at insertion in intubated patients. Other compli-
cations of Ryle’s tube insertion reported by Pousman and 
Koch7 were ETT obstruction after orogastric tube place-
ment. Reports of accidental tracheal extubation by Dorsey 
et al8 and near cardiac arrest by Sinha et al9 in the past 
have been mentioned, due to nasogastric tube withdrawal. 
Nasogastric tube lying in right pleural space, left-sided pleu-
ral effusion and pneumonia have also been mentioned by 
Sinha et al.9

Alternative Methods for Nasogastric Insertion
Thus, in difficult cases, alternative methods of Ryle’s tube 
insertion10like neck flexion, intraoral manipulation, head in 
lateral position as stated by Kumar et al,10 digital lateralization 
of gastric tube, and insertion of gastric tube in prone position-
11have been reported. Ghatak et al12 suggested a new tech-
nique to insert nasogastric tube in an unconscious intubated 

Fig. 1 Fiberoptic view of Ryle’s tube knotting around endotra-
cheal tube.

Fig. 2 Ryle’s tube knotted around endotracheal view in vitro.
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patient. The use of fiberoptic bronchoscope to assist pre-
vention of knotting is nowadays more common. Knotting of 
gastric tubes may be prevented by the alternative maneuvers 
designed to facilitate the placement of nasogastric tube, such 
as forward displacement of the intubated trachea by external 
laryngeal maneuver or by using glide scope mentioned by 
Sahu and Kishore13 or lateral neck pressure using fiberoptic 
bronchoscope suggested by Ozer and Benumof.14 Inserting a 
Fogarty or other types of catheter12 through the suction port 
of the gastric tube to increase its rigidity and lubrication also 
aids on its further advancement . Lind and Wallace15 stated 
direct guidance of the tube with two fingers in the mouth 
and use of Magill’s forceps with direct laryngoscopic visual-
ization. Use of ETT to place a nasogastric tube has also been 
used in the past.

Conclusion
The most important factor is the care, expertise, and eternal 
vigilance in inserting Ryle’s tube in an intubated patient by 
the anesthesiologist to prevent any complications during the 
entire procedure.
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Loss to follow-up indicates both patients not reporting and inability to trace them 
during the required follow-up period or study period. Significant loss to follow-up can 
affect the validity of a study and thereby the impact of that study. The importance of 
loss to follow-up has been very scarcely and meagerly highlighted in literature. More 
than one-fifth loss to follow-up can lead to significant selection bias. Loss to follow-up 
affects delivery of appropriate patient care. In the cohort studies, follow-up rates of 
50 to 80% are accepted by authors, due to lack of any recommendations. The causes 
of loss to follow-up may vary from patient’s age, occupation, chronicity of the disease, 
etc. Loss to follow-up needs to be reported in all prospective studies, and intention to 
treat analysis should be applied. This will improve the validity of study, provide reliable 
results, and reflect the true effect of the intervention used in the study. It also helps 
to determine the actual survival rates in fatal diseases. The course of a disease can 
also be monitored, and appropriate intervention can be done at an appropriate point 
of time to prevent morbidity and mortality. Its overall benefits are better patient care 
and improved outcomes of the treatment method.
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Introduction
Loss to follow-up not only indicates loss of patients but also 
failure to trace patients.1 Significant loss to follow-up can 
affect the validity of a study. As a result, the impact of study 
is reduced. The importance of loss to follow-up has been very 
scarcely and meagerly highlighted in the literature.

More than one-fifth loss to follow-up leads to significant 
selection bias.2 Loss to follow-up not only affects the validity 
of the study but also affects patient care. In the cohort stud-
ies, follow-up rates of 50 to 80% are accepted by authors.3 But, 
in most of the cases, these recommendations have not been 
tested. The causes of loss to follow-up may vary from patient’s 
age, occupation, chronicity of the disease, etc.1 Meanwhile, it 
is also not realistic to expect a 100% follow-up in a study.

Effect of Loss to Follow-up
Impact on study: More than one-fifth loss to follow-up 
results in significant bias in reporting results.2 Apart from the 
validity of the study, it also affects the power of the study and 
its generalizability.4 There is also loss of energy, time, man-
power, and resources involved to trace the lost participants.

Impact on patient care: The patient may even suffer from 
adverse effects of treatment. Lack of proper follow-up in such 
cases can lead to discontinuation of treatment in time or 
self-continuation of medications, which were supposed to be 
stopped on time. A patient may lose his life or can suffer from 
morbid outcomes. In case of communicable diseases, even the 
near and dear ones of the patient can suffer. Consequently, 
this also leads to loss of faith in the existing health system 
among patients and treatment afforded to them.

Ann Natl Acad Med Sci (India):2021;57:120–122

Keywords
 ► follow-up
 ►outcome
 ►data
 ► registry

Perspective

published online
May 10, 2021



121Loss to Follow-up Patel et al.

Annals of the National Academy of Medical Sciences  (India) Vol. 57 No. 2/2021 © 2021. National Academy of Medical Sciences (India).

Causes for Loss to Follow-up in India
In India, majority of the patients are lost to follow-up, due to 
high levels of illiteracy and lack of awareness regarding health 
concerns and issues. Poverty being an important reason for 
the above. Most of the patients do not follow-up, because 
they do not have enough money to come to a health center 
repeatedly, while some do not have enough money to con-
tinue treatment, and continuing treatment becomes a finan-
cial burden. Heavy patient load and long queues at hospitals 
also prove to be detrimental in follow-up of the patients. 
While the number of tertiary care and specialty centers is 
limited and are located only in big cities of the country, these 
centers attract patients from all over the state. The rest of 
health care delivery centers are not specialized or advanced 
enough to cater to the needs of the population. The other rea-
son that physicians feel is that the lack of follow-up is due to 
restoration of well-being of the patient. There is no specific 
provision made by hospitals to keep a track of their patients. 
Hospital information system is still in its infancy in a devel-
oping country like India, where only big centers have imple-
mented it. Another reason for loss to follow-up in India is easy 
accessibility to quacks and alternate forms of medicine.

Search Methods
Inclusion criteria

1. Studies which revealed loss to follow-up.
2. Studies which reported outcomes of loss to follow-up.

We conducted a literature search on PubMed using the 
keywords mentioned in ►Table 1.

Discussion
There are three mechanisms of loss to follow-up as described 
in prospective studies:

i. Missing at random (MAR).
ii. Missing completely at random (MCAR).
iii. Missing not at random (MNAR).5

Missing at random (MAR) means there is a systematic 
relationship between missing values and observed data. 
The probability of subject remaining in a study depends on 
exposure and confounder but not the outcome.3 On the other 
hand, loss to follow-up by MCAR mechanism means there is 
no relationship between missing data and observed data. The 
missing data are a random subset of data. Loss to follow-up by 
MNAR mechanism means there is a relation between missing 

data and observed outcome. So, in a cohort study, MNAR 
mechanism cannot be ignored, as it affects the outcome.3

Akl et al conducted a web-based systematic review on 
235 studies and found that loss to follow-up was not reported 
in 13% of the studies.6 Rest of the studies reported median 
loss to follow-up of 6%. As much as 66% of studies used sur-
vival analysis to determine loss to follow-up.

Swaminathan et al highlighted the importance of active 
follow-up in cancer patients in India.7 They suggested that 
active follow-up improved 5-year survival rates in cancer 
patients by 41%.

Murray et al performed a survival analysis on total hip 
arthroplasty patients and found that the patients who did not 
follow-up had worse outcomes as compared with the ones 
who followed regularly.8 They also found that the cumulative 
rate of loss to follow-up increased over years. The patients 
lost to follow-up group had more adverse outcomes as com-
pared with the ones who followed-up at regular intervals. 
This loss to follow-up could have been due to the deaths or 
the patient visited some other doctor due to poor outcome.

Baron et al reported that more than 20% of data was miss-
ing in one-third of the articles on superiority trials assess-
ing structural outcomes in rheumatic diseases.9 They also 
noticed violation of intent to treat principle, which should 
have been applied in such studies. This questions the out-
comes of such studies.

Somerson et al conducted a systematic review of random-
ized controlled trials in orthopedic trauma and found that 
loss to follow-up was not reported in one-fifth of the studies 
and mean loss to follow-up was found to be 10.4%.10 They also 
found that studies with shorter follow-up duration had less 
loss to follow-up of patients.

Zelle et al found that the level of significant loss to 
follow-up varied from 15% to 75%.11 They also found that 
males, smokers, drug abusers, and uninsured patients were 
more likely to get lost to follow-up. They further opined that 
social deprivation is the main reason for noncompliance.

Solberg et al followed their spine surgery patients and 
found that there were no statistically significant differences 
in outcomes of those who followed-up on regular basis and 
those who were noncompliant in their follow up.12

Zunzunegui et al conducted a study on aging population 
and found that at the end of 4 years, 48% of the subjects were 
lost to follow-up.13

Suggestions to Improve Loss to Follow-up
Many ways have been suggested by many authors on how to 
reduce loss to follow-up.14 In a developing country like India, 
health education is of prime importance. The health care 
delivery system needs to be equipped and strengthened, so 
as to meet the needs of the people at primary level. This will 
reduce the burden on the tertiary care units in the country 
and limit long queues. Prior appointments should be taken 
to minimize last moment rush. Hospital information system 
should be implemented in all hospitals, be it primary health 
center or a tertiary care center. A central disease-based regis-
try is an envisaged and viable option. This will help not only 
in reducing loss to follow-up but also provide us trends of the 

Table 1  Search methodology

PubMed database No. of hits

Loss to follow-up 82,254

Outcomes of loss to follow-up 17,743

Loss to follow-up in research 29,867

Loss to follow-up in India 2,049
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diseases. Wherever possible active follow-up should be done, 
particularly in cases of communicable diseases. Patients 
should be informed about various government schemes 
and health insurance policies, which would benefit them in 
getting treatment in case of chronic diseases. Small incen-
tives can be given to patients just to encourage follow-up. 
Even social media can play an important role in this issue. 
Patients can be informed about their possible follow-up 
through messages on cell phones. A system of reverse refer-
ence, that is, referring the patients back to the referring doc-
tor for further follow-up can and has to be introduced. In a 
study, it was found that the use of electronic media reduces 
loss to follow-up by 80%.15 Local health care workers need 
to be more active in hard-to-reach areas. Involvement of 
local community will also help us trace and follow the non-
compliant patients. The patients who travel long distances 
can be referred back to local physicians to minimize loss to 
follow-up.

A system of reverse referrals, that is, referring the patient 
back to referring physician may also contribute to reduce 
possibility of lost to follow up.

We can minimize loss to follow-up by strictly adhering 
to the study protocols. Making the participants understand 
the nature and outcomes of the study becomes important. 
The participants should be followed-up at short and regular 
intervals. A pilot study should always be conducted before 
any study to assess its feasibility, outcome, and impact.

Conclusion
Loss to follow-up needs to be reported in all prospective 
studies. This will help us not only to assess the validity of 
study but also provide us scope for further research. It will 
also reflect the effect of the intervention used in the study. 
Minimizing loss to follow-up also benefits in patient care and 
improves the outcome of treatment method adopted. The 
results of a study also become reliable if there is minimum 
loss to follow-up. We can also determine actual survival rates 
in fatal diseases. The course of a disease can also be moni-
tored, and appropriate intervention can be done at appropri-
ate points in time to prevent morbidity and mortality.
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