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during 2005 to 2014 revealed that only 4.3% institutions 
produced more than 100 papers a year, which accounted 
for 40.3% of the country’s research output.1 However, 57.3% 
of the medical colleges did not have any publication during 
this period. Interestingly, if analyzed state wise, 90% colleges 
of Karnataka and Kerala did not have any publication during 
this period. During the corresponding period, Mayo Clinic 
published 3,700 papers.

If we must identify one factor which is responsible for 
growth and expansion of modern medicine over tradition-
al forms, it would probably be research. Quality medical 
research improves patient care, improves medical education, 
reduces budgetary expenditure, and benefits the society at 
large.2,3 The diverse population demography and differenc-
es in the disease pattern also warrant that we have quality 
research covering Indian population.4

The then regulator of medical education, Medical Council 
of India (MCI), duly recognized the importance of research 
to improve teaching and health care and has given various 
guidelines since 2009, and modified them in 2010, 2015, 
2017, and 2019.5 While the intent was good, the guidelines 
prompted medical teachers to simply publish—with nei-
ther the teachers nor the institutions having any concern 
for the quality. Many predatory journals made their way, 
offering to publish for a fee. Many of them managed to get 
indexing as required under extant rules. We had a person-
al experience where a faculty member who had submitted 
two papers as part of promotion application, on being point-
ed issues regarding authorship and methodology, managed 

A peer-reviewed publication has become synonymous with 
scholarship and is generally considered an essential for aca-
demic promotions and progression. However, there are a lot 
of ifs and buts with this assertion. Often, publications are 
made for the sake of publication, with little applicability or 
novelty. It has been rightly said that “publications are like a 
pair of pants. If you have them, nobody notices but if you do 
not have them, then everyone starts looking at you”! Natu-
rally, the focus of the faculty is to publish or risk perishing.

Medical teachers in India have to don multiple hats. In the 
traditional roles of medicine, viz. patient care services, teach-
ing and research, their time and energy are spent in the same 
order of priority. In addition, many of the teachers at a higher 
level in the hierarchy have to perform administrative duties 
as well, leaving little quality time for research. Most of the 
research that happens in Indian medical schools, comes out 
of PG theses, where again the focus is on producing a docu-
ment as a passport for appearing in the examinations. Much 
of this seems to unwittingly support the comment “The aver-
age PhD thesis is nothing but a transference of bones from one 
graveyard to another,” attributed to Frank Dobie (Goodreads). 
Lack of funds, equipment, infrastructure, training, and ave-
nues pose further problems.

To this, one can add lack of motivation to produce quali-
ty research and publications. With new and newer medical 
colleges coming up every year, the need for medical teachers 
is ever rising. In such a buyer’s market, the requirement for 
quality research and publications is often ignored. An anal-
ysis of publication output from Indian teaching institutions 
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to produce a different modified portable document format 
(pdf) of the same papers within 2 days with names of the 
authors changed! These practices are not un-anticipated 
given that not enough avenues exist for publication. Let us 
take the example of pediatrics. There are only two indexed 
pediatric journals from India, publishing around 15 original 
research papers per month, which is markedly inadequate 
for the number of teachers aspiring to publish their work. 
Additionally, focus on original research only takes away the 
space for many other important articles related to guidelines, 
recommendations, debates, and education. In many other 
specialties, the specialty journal is published bi-monthly or 
quarterly, creating severe space crunch.

Though MCI has notified the regulations and changed 
them four times within a decade, these have come under 
criticism from various quarters.6,7 While regulations can be 
framed and modified, such an approach may not meet the 
desired objectives. Most of the appointments and promotions 
of medical teachers are made by the institutions themselves, 
many of whom enjoy the status of a deemed University.  
The quality of research and publications is unlikely to come 
under scrutiny except when there is an “inspection” and the 
buyer’s market is likely to self-perpetuate the status quo for 
its own benefits.

Boyer8 categorized scholarship into four domains—teach-
ing, application, discovery, and integration—and noted that 
discovery scholarship has eclipsed the other scholarships to 
become the most valued. Since it is easy to document, it is 
taken as the first evidence of scholarship. Can we look for 
other ways and means to judge scholarship? There are many 
opportunities in the day-to-day work of medical faculty, 
which can provide evidence of scholarship.

Glassick et al9 built on the concept of Boyer and gave 
criteria for classifying certain activities as scholarly. These 
include—clear goals, adequate preparation, appropriate meth-
ods, significant results, effective presentation, and reflective 
critique. Morahan and Fleetwood10 have pointed out that 
the criteria for scholarship in North America and Europe 
has already enlarged to include educational innovations and 
faculty development as well. They suggested a double-helix 
model for academic progression, with one strand for clinical 
work and the other for scholarship activities. If for example, 
one strand is “teaching students,” the other can be “to teach 
others how to teach and assess in offline and online settings.” 
If one strand is “providing clinical services,” then the other 
can be “training teachers how to design and implement pro-
grams.” This approach is likely to bring scholarship into dai-
ly activities of medical teachers and improve the quality of 
teaching–learning, which was the first reason for focusing on 
scholarship.

Can we consider scholarship of teaching learning (SOTL) 
rather than focusing only on scholarship of discovery? 
SOTL is defined as systematic inquiry into student learning 
which advances the practice of teaching in higher education 
by making inquiry findings public.11 Yet another definition 
proposed by Darling12 is “work that encourages an empiri-
cal examination of teaching in relation to student learning. 

It is distinct from scholarly teaching in that it goes beyond 
teaching well, even superbly, to participating in a focused 
inquiry process and reflective practice about one’s own 
teaching.” Felten13 further identified five principles for good 
practice in SOTL: (1) inquiry focused on student learning, (2) 
grounded in context, (3) methodologically sound, (4) con-
ducted in partnership with students, and (5) appropriately 
public. It has been rightly pointed out by Morahan and Fleet-
wood10 that the two helical strands of SOTL represent sepa-
rate but intertwined components. Of course, it will require 
an appropriate set of criteria to evaluate such an approach. 
How such a scholarship can be evaluated? Should it focus on 
output or outcome?

With our long association with teacher training and facul-
ty development, both in teaching and service areas, we often 
ask ourselves—are we getting any scholarship credit for this 
work? The answer may lie in recognizing the SOTL.
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The emphasis so far during the COVID-19 pandemic has been on the respiratory man-
ifestations with little attention being paid to cutaneous manifestations. The novel  
coronavirus has a wide spectrum of cutaneous manifestations which are broadly 
divided into exanthematous and vasculopathic type of lesions. The effects of this 
novel virus on the integumentary system cannot be underestimated as it can mimic 
various types of viral skin lesions. Thus, dermatologists should have knowledge about 
COVID-19 disease presentations and which differential diagnosis to consider if they 
encounter skin lesions in a patient who is known or suspected to have COVID-19. 
Patient evaluation and workup also needs to be modified during the time of this pan-
demic. Immunosuppressive/immunomodulatory drugs which are rampantly used in 
dermatological practice, must be used only after weighing their risks and benefits 
during the COVID-19 era. Personal Protective Equipment has to be worn when coming 
in contact with a suspected or a proven case of COVID-19. However, its use itself is 
associated with dermatological side effects which should be known to dermatologist 
practising during the COVID-19 era. Teledermatology can go a long way in circumvent-
ing these issues and it should be made more accessible, especially in remote areas. 
Another future recommendation could be setting up of a national level organization or 
group for recording dermatological data related to COVID-19.
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The COVID-19 Pandemic: Problem Statement
After the first report of an atypical case of pneumonia 
from Wuhan, China, in December 2019, novel coronavi-
rus disease 2019 (COVID-19) caused by the severe acute 
respiratory syndrome-coronavirus-2 (SARS-CoV-2) has 
spread like wildfire across all continents. It was declared 
as a global pandemic by the World Health Organization 
(WHO) on March 11, 2020. At the time of writing this arti-
cle, COVID-19 has already affected 5.1 million individuals 
and caused more than 329,895 deaths worldwide. In India, 
there are 1.12 lakh individuals who have been infected and 
3,435 deaths so far. In terms of the number of cases, the 
worst affected Indian states are Maharashtra, Tamil Nadu, 
Gujarat, Delhi, Rajasthan, Madhya Pradesh, Uttar Pradesh, 
Andhra Pradesh, Bihar, and Punjab respectively, whereas 
other states have reported fewer cases. The emphasis so far, 
has predominantly been on the respiratory manifestations of 

this illness and only little is known about the various der-
matological manifestations in COVID-19. Though there are 
multiple case reports from around the world on the direct 
and indirect cutaneous manifestations associated with this 
pandemic, literature from India is scant. While an initial 
study in China reported the incidence of cutaneous rash to 
be 0.2% among COVID-19 cases, it was subsequently found to 
be 20.4% in an Italian study.1,2 Thereafter, manifestations have 
been reported in asymptomatic carriers or healthy contacts 
of affected cases, thus emphasizing the fact that the effect 
of the said viral infection cannot be underestimated on the 
integumentary system.

Cutaneous Manifestations of COVID-19: The 
Evidence so Far
Multiple patterns of dermatological lesions have been 
reported among patients infected by the SARS-CoV-2. The first 
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study on cutaneous manifestations of the COVID-19 pandemic 
reported erythematous rash in 14 out of 18 patients, urti-
caria in 3, and vesicular rash in 1 patient.2 Thereafter, there 
have been a multitude of isolated case reports and case 
series. As suggested by Suchonwanit et al, skin lesions in 
COVID-19 may be broadly classified into two categories, that 
is, exanthematous or vasculopathic type of lesions.3

Among the vasculopathic type, acroischemic lesions have 
been the most frequently reported among COVID-19 patients. 
These lesions have been nicknamed as “COVID toes” by the 
print and electronic media. They characteristically affect 
healthy children or adolescents who develop multifocal, 
asymmetric erythematous, or erythemoviolaceous round 
lesions up to few millimeters in size on several toes with 
unaffected interposed areas and clear metatarsophalangeal 
delineation. These lesions characteristically evolve from 
erythema, ecchymosis to vesiculobullous forms, and ulti-
mately to a superficial necrosis stage (blackish crusting) 
over the next few days. Itching, burning, joint movement 
restriction, and pain are the most frequently reported 
symptoms.4 Acroischemic lesions were grouped as chil-
blain like lesions in 95 out of 132 cases (72%) and erythema 
multiforme (EM) like in remaining 28% cases in a large ret-
rospective Spanish case series.5These lesions are quite spe-
cific among those with a family history or travel history of 
exposure and thus may be a cutaneous marker in such sus-
pected COVID-19 cases.5 Such lesions usually appear after 
a few days of mild respiratory symptoms (mean latency of 
9.2 days in the Spanish series) or in asymptomatic cases, 
hence their presence raises questions about their clini-
cal implication. The mean duration of these self-resolving 
lesions was 8.2 days. Other patterns of acroischemic lesions 
include EM-like lesions which were found in 28% of patients 
of the acroischemic cohort. These too present on tips of 
fingers and toes, as small as (<1 cm) coalescent round ery-
thematous macules and vesicles. Unlike classical EM, they 
are localized and don’t have a targetoid morphology.5 Feet 
were the most commonly involved site (81.8%) in cases of 
both chilblain and EM-like lesions followed by both hands 
and feet and hands alone. EM lesions were found to involve 
elbows, knees, and ears in only 5.4% of the cases. All of the 
above findings were consistent in a large scale online study 
conducted in 63 patients with preliminary acral lesions in 
Italy as well.6

Violaceous macules with porcelain-like appearance, 
eruptive cherry angiomas, and chilblains with Raynaud’s 
phenomenon were some other rare vasculopathic variants 
reported in a French study in swab-positive COVID-19 
patients.7 There have also been reports of true ischemic 
lesions which resemble gangrene in severely affected 
COVID-19 pneumonia patients with evidence of dissem-
inated intravascular coagulation (DIC). Acroischemic 
lesions in such severely affected patients are usually 
associated with thrombocytopenia, elevated D-Dimer 
levels, and altered prothrombin time.8 Anti phospholipid 
antibodies were also noted in one such patient.9

Manalo et al have reported two cases of late onset evanes-
cent, nonpruritic, lacy, erythematous, blanching livedo reticu-
laris-like lesions in nasopharyngeal swab polymerase chain 
reaction (PCR)-confirmed COVID-19 cases mainly affecting the 
thigh area.10 Another interesting case was reported, wherein 
a symptomatic SARS-CoV-2-positive patient developed ery-
thematous yellowish papules on both heels on day 13 after 
being tested positive. These lesions then evolved into hard 
pruritic plaques 3 days later. Though the patient could not be 
biopsied, clinical differentials included urticarial vasculitis, 
plantar hidradenitis, or neutrophilic dermatosis.11

There have been case reports of acute onset urticaria 
with concomitant pyrexia as inaugural symptoms of SARS-
CoV-2 infection which were later found positive on nasopha-
ryngeal swab PCR. All these patients typically lacked lung 
involvement, while associated anosmia, ageusia, and ody-
nophagia were more common. Also, they were easy to treat 
with second generation antihistaminics and paracetamol.12-14

Regarding exanthematous lesions, a varicella-like 
exanthem was reported in a multicenter case series of 
22 COVID-19-positive patients. Median onset of lesions was 
3 days after symptom onset with subsequent resolution over 
8 days. Histopathology was suggestive of basal layer vacu-
olization with hyperchromatic multinucleate keratinocytes. 
However, unlike classic varicella, these lesions were mono-
morphic, predominantly involved the trunk, with mild or no 
pruritus, and resolved without scarring.15 There have been 
anecdotal reports of a few patients with herpetiform lesions 
as well, but it is unclear, whether herpes zoster in immuno-
suppressed COVID-19 affected patients or a manifestation of 
the COVID-19 disease itself.16

In addition to the morbiliform maculopapular viral 
rash,17 a few peculiar exanthematous patterns have also 
been reported. Joob and Wiwanitkit reported a petechial 
rash which was misdiagnosed as dengue rashes prior to 
a reverse transcript (RT)-PCR that suggested corona virus 
infection.18 There are two reports in literature of COVID-19-
positive patients presenting as a periflexural exanthem. 
Symmetrical drug-related intertriginous and flexural exan-
thema (SDRIFE) like exanthematous rash maybe caused clas-
sically by a drug or rarely in a parvoviral infection; however, 
in a reported case, the rash disappeared despite continuation 
of the drug, thus emphasizing the need to consider corona 
virus infection as a possible etiology.19,20 Some reports have 
described an annular, circinate, edematous, fixed, nonpru-
ritic plaque-type febrile rash in COVID-19-inflicted cases. 
The rash was likened to pityriasis rosea (PR) in one of these 
reports. Both the patients had mild symptoms and a favor-
able outcome.21,22 Thereafter, an atypical digitate papu-
losquamous variant of PR has been reported by Sanchez et al, 
wherein the clinical findings were confirmed on histopathol-
ogy.23 A 6-month-old infant with classic Kawasaki’s disease, 
having an erythematous blotchy rash, prominent tongue 
papilla, and cracked lips as her predominant mucocutane-
ous features, was surprisingly found to be COVID-19-positive 
through RT-PCR test.24 A diffuse maculopapular and urticarial 
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rash has also been reported in a COVID-19 positive lady who 
developed rash on her postpartum day 10.25

Indirect Cutaneous Associations of 
COVID-19 Pandemic
Goren et al have made an observational hypothesis of 
increased prevalence of SARS-CoV-2 infection in males suf-
fering from male pattern hair loss (MPHL). This is attributed 
to the fact that human androgens are the only known tran-
scription promoters of TMPRSS2 gene that helps in pro-
teolytic priming of the COVID-19 spike glycoprotein. This 
step is essential in subsequent binding of the virus to host 
angiotensin-converting enzyme 2 (ACE2) receptor and facili-
tates viral cell entry. Thus, there may be an association as to 
why COVID-19 is particularly affecting males with MPHL.26

There has been an increase in the incidence of occupa-
tional contact dermatitis in health care workers using hand 
gloves and personal protective equipment (PPE). Adverse 
reactions were more common on continuous use of PPE for 
more than 6 hours and with the use of respirators instead of 
masks. Hands, cheek, and nasal bridge were the most affected 
areas and dryness or scaling, papules, erythema, and macera-
tion were reported as the most common cutaneous findings 
in a multicenter cross-sectional study conducted in Wuhan, 
China.27 The general increase in incidence of acne and miliaria 
rubra and pustulosa has been mentioned in literature with 
PPE use; however, there are no proper studies as yet to con-
firm the same.

A rising trend in prevalence of hand eczema has been 
observed in an Indian study conducted in Nagpur due to 
overzealous hand hygiene practices leading to impairment of 
skin barrier.28

Plausible Pathogenic Mechanisms of Various 
Dermatological Manifestations
An extensive study was performed to delineate the patho-
genic mechanism behind the cutaneous manifestations in 
COVID-19 affected patients. A pauci-inflammatory throm-
bogenic vasculopathy, with deposition of C5b-9 and C4d 
both involved, and normal appearing skin was identified 
in this study. This signifies immune complex–mediated 
activation of alternate and lectin complement pathways 
leading to microvascular thrombosis and associated vas-
culopathic cutaneous lesions.29 Acroischemia in critically 
ill COVID-19 patients has been associated with a possi-
ble hypercoaguable state with raised D-dimer levels and a 
deranged prothrombin time.8 However, majority of stud-
ies have reported an outbreak of perniotic skin lesions in 
asymptomatic healthy or mildly symptomatic adolescents or 
young adults who may have come in contact with a COVID-
19 case or an exposed health care worker. The mechanism 
in such patients may be complement and immune complex–
mediated microvascular thrombosis. Very often, these cases 
were found to be swab negative which has been attributed 
to the fact that these lesions are a very late manifestations 
when the viral load is low and PCR may have already reversed 

to negative. Another hypothesis for PCR negativity in such 
lesions could be an immunologically delayed response in 
genetically predisposed individuals. These cases contribute 
to a large proportion of viral reservoir and the onus of try-
ing to identifying or catching them early lies solely on the 
dermatologist.

Maculopapular rash in viral exanthems may be explained 
by vasculitic changes in the small superficial blood vessels. 
For vesicular exanthems associated with COVID-19 patients, 
one may hypothesize that lymphocyte-associated viremia 
provides the virus access to epidermal keratinocytes. Viral 
replication in these cells with subsequent fusion leads to 
multinucleate cell formation and ballooning degeneration 
resulting in vesiculation.

The association between urticaria and viral fevers is well 
known. It may be postulated that cross reaction between 
COVID-19 viral antibodies and mast cell immunoglobulin 
(Ig)-E causes mast cell degranulation with release of proin-
flammatory mediators. Another plausible mechanism may 
be via circulating immune complexes which may stimulate 
basophils. This may further lead to release of vasoactive 
amines and complement activation. All of these mechanisms 
cause a transient increase in vascular permeability and result 
in urticarial lesions.

PR is known to be associated with reactivation of human 
herpes virus 6 and 7, Epstein–Barr virus, other viral infec-
tions, drugs, and vaccines. PR is usually an autoaggressive 
genetically mediated reaction pattern secondary to a viral 
trigger due to chemokine/cytokine release. Similar assump-
tions may be thus be drawn for a PR-type rash among 
COVID-19 patients.

Various studies have described different viral respiratory 
infections as a trigger or a sequelae to Kawasaki’s disease. 
Some of these include enterovirus, parainfluenza, respiratory 
syncytial virus, influenza, adenovirus, and previous strains 
of human corona virus (strains 229E, HKU1, NL63, and 
OC43).24 Since prior human corona virus strains have been 
associated with the occurrence of Kawasaki’s disease, SARS-
CoV-2 may be a trigger for Kawasaki’s disease as well.

Patient Evaluation
Apart from complete hemogram, liver, and kidney func-
tion tests, there is special emphasis on checking C-reactive 
protein levels, D-dimer assay, or fibrin degradation prod-
ucts (FDP) and prothrombin time. Elevated D-dimer and 
altered prothrombin time are considered poor prognostic 
markers.30 COVID-19 status should be ascertained based on 
standardized RT-PCR kits and confirmed by serological tests 
for viral antibodies as per availability.

The pattern of rash should be evaluated and a detailed 
drug history should always be taken, as the closest mim-
icker of a viral exanthem is a drug rash. Dermatologist 
must be well aware of mucocutaneous side effects of all 
COVID-19 treatment drugs and a temporal relationship must 
be established between symptom onset, appearance of rash, 
associated changes with intake, or withdrawal of said drug. 
As the said pandemic is a great viral mimicker, other typical 
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viral infections should be ruled out, preferably by serology, 
thus aiding in establishing a diagnosis by exclusion.

Histopathology should be undertaken with due pre-
caution in all possible cases to establish diagnostic pat-
terns. Apart from classic histopathology of viral exanthem, 
extremely dilated dermal blood vessels are the only reported 
diagnostic finding so far.31

It is essential to suspect COVID-19 infection during this pan-
demic time while evaluating acute onset febrile urticaria or 
cases of atypical vesiculation, especially in those who have had 
a history of varicella in the past and are already seroimmune.

Acroischemia must compel a dermatologist to take history 
of primary chilblains, Raynaud’s autoimmune disorders, vas-
culitis, and coagulopathies in the past. Inciting factors must 
be probed into and an autoimmune antibody profile must 
be checked. Also, complete contact tracing must be done in 
cases of asymptomatic acroischemia if all of the above etiol-
ogies are ruled out. Asymptomatic acroischemic lesions may 
be regarded as a good prognostic marker as most of these 
patients did not develop frank COVID-19 symptoms.

COVID-19 Pandemic and the Use of 
Immunosuppresants/Immunomodulators
There is a question mark whether immunosuppressants/
immunomodulators or biologics should be continued in the 
COVID-19 era. Non biologic immunosuppressants, other than 
corticosteroids, are easier to stop and restart in a few days. 
However, biologics have a long half-life and they cannot be 
stopped abruptly due to the risk of antidrug antibody forma-
tion. Abrupt stoppage not only leads to disease worsening 
but can also cause a systemic cytokine storm which is shown 
to have a worse outcome in many COVID-19 patients. Hence, 
one must weigh the benefits versus the risk, before starting 
any patient on biologics or continuing biologics in patients 
with skin diseases.

Interdisciplinary risk assessment is a must before stop-
ping immunosuppressives/immunomodulators for a patient 
who tests positive for COVID-19 infection. General guidelines 
so far suggest that interleukin inhibitors (secukinumab, dupi-
lumab, anakinra, ustekinumab), phosphodiesterase-4 inhibitors 
(apremilast) and tumor necrosis factor (TNF)-α inhibitors 
(infliximab, adalimumab, and etanercept) can be continued 
unless viral symptoms are worsening or severe; however, cor-
ticosteroids should be tapered and antimetabolites (azathio-
prine, mycophenolate mofetil, and methotrexate), calcineuerin 
inhibitors (cyclosporine and tacrolimus), and anti CD-20 anti-
body (rituximab) should be stopped after symptom onset.32

Future Implications
To minimize direct contact, most cases should be seen vir-
tually and in-person appointments should be set only if 
needed. Repeated use of disinfectants in clinics, appropriate 
use of PPE, and use of electronic prescriptions are some of the 
other essential measures in the times to come.

Digital photography through use of low density polythene 
covers and skin biopsy with the use of minimal instruments 
was suggested and tried in a hospital in Spain.33 Similar such 
guidelines and practices should be developed in the Indian 
scenario.

Dermoscopy should be avoided if possible and noncontact 
dermoscopy should be preferred.

Phototherapy chambers must be used judiciously (pref-
erably for patients with high disease severity scores) with 
long gaps between patients and with specific cleaning pro-
tocols.34 Patients with mild or moderate disease severity 
should be deferred and maintained on topicals or systemic 
therapy.

The American Academy of Dermatology (AAD) 
COVID-19 Taskforce has developed an international registry 
to record cutaneous manifestation of COVID-19 cases and to 
keep a track of the effect of said pandemic on existing derma-
tological disorders.35 Dermatologists should be well aware of 
the facility and formation of similar registries at the national 
level can go a long way in data collection and disease pattern 
identification.

Since most dermatological conditions are chronic, doctors 
should encourage patients to join and interact in virtual sup-
port groups which may alleviate the psychological burdens of 
these patients. There should be awareness among dermatol-
ogists about these groups and the same information should 
be provided to patients in such testing times.

Also, we have the added responsibility to convey medical 
knowledge of right skin care and personal protective mea-
sures to the masses through social media.

Conclusion
COVID-19 pandemic has impacted our personal and profes-
sional lives to a great extent. We must continuously update 
our knowledge about its varied cutaneous manifestations 
and change our practice techniques with the changing times.
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Pregnancy is not nearly as successful as laypersons might assume, challenged as it is 
by several complications such as threatened abortion, spontaneous miscarriage, pre-
eclampsia, and preterm delivery, among others. The maternal immune system has 
been shown to contribute to the etiopathogenesis of some of these pregnancy compli-
cations. Pro-inflammatory and anti-inflammatory cytokines have been studied for their 
effects on pregnancy because of their powerful and versatile effects on cells and tis-
sues. This review addresses the relationship between pro-inflammatory cytokines and 
recurrent miscarriage, which is an important complication of pregnancy. References 
for this review were identified by using PRISMA-IPD (Preferred Reporting Items for a 
Systematic Review and Meta-analysis of Individual Participant Data) Guidelines by con-
ducting searches for published articles from January 1, 1990 until March 1, 2020 in the 
following databases: PubMed, Google Scholar, and MEDLINE via OVID by the use of the 
search terms “recurrent spontaneous miscarriage,” “cytokines,” “progesterone,” “pro-
gestogen,” “dydrogesterone,” and “immunomodulation.” This review also presents 
the proposed mechanisms of action of pro-inflammatory cytokines in pregnancy loss, 
and then goes on to discuss the modulation of cytokine profiles to a state that is favor-
able to the success of pregnancy. In addition to its indispensable endocrinologic role 
of progesterone in pregnancy, it also has some intriguing immunomodulatory capabil-
ities. We then summarize studies that show that progesterone and dydrogesterone, an 
orally-administered progestogen, suppress the production of pro-inflammatory cyto-
kines and enhance the production of anti-inflammatory cytokines before mentioning 
clinical studies on progestogen supplementation. These studies support the conten-
tion that progestogens should be explored for the immunotherapeutic management 
of pregnancy complications.

Abstract
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Introduction
Our immune system with its exquisite specificity and ver-
satile capabilities is what stands between us and the bewil-
dering range of pathogens. The immune system manages 
to prevent a whole host of foreign invaders such as viruses 
and bacteria from infecting us using its arsenal of innate and 
adaptive immunity, molecules like antibodies, complement, 

and cytokines, and cells such as macrophages, lymphocytes, 
and granulocytes. However, much as the immune system 
serves as a protective defense barrier, it is also responsible for 
adverse reactions such as autoimmune diseases and hyper-
sensitivities. One such problem, based on the interactions 
between the immune system and the reproductive system, 
occurs when the immune system interferes with fertilization 
and causes autoimmune infertility.1,2 Another problem is the 
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sometimes adversarial effect that the maternal immune sys-
tem has on pregnancy. Several potential complications may 
arise between the long period of pregnancy from fertiliza-
tion to delivery; these include threatened miscarriage, spon-
taneous miscarriage, pre-eclampsia, preterm rupture of fetal 
membranes, and preterm delivery. A large number of studies 
have examined the roles of the maternal immune system in 
contributing to the pathogenesis of many of these conditions 
but in this review, we will focus on the immunology of spon-
taneous miscarriage.

Methodology of the Review
A comprehensive search strategy was used to identify articles 
relevant to this review. Literature searches were done by using 
PRISMA-IPD (Preferred Reporting Items for a Systematic Review 
and Meta-analysis of Individual Participant Data)3 in the follow-
ing databases: PubMed, Google Scholar, and MEDLINE via OVID. 
These searches were conducted by the first author (S.R.) and 
then examined by both authors (S.R. and R.R.). References for 
this review were identified by searches from January 1, 1990 
until March 1, 2020 by the use of the search terms “recurrent 
spontaneous miscarriage,” “cytokines,” “progesterone,” “pro-
gestogen,” “dydrogesterone,” and “immunomodulation.” Only 
articles in English were included. The articles included original 
research papers and reviews.

Recurrent Spontaneous Miscarriage
Spontaneous miscarriage, defined as a pregnancy loss in the 
first 20 weeks of gestation, occurs in one out of every four preg-
nant women. Recurrent spontaneous miscarriage (RSM) is the 
occurrence of two or more pregnancy losses prior to the 20th 
week of gestation and is one of the most challenging disorders 
of pregnancy.4 It may come as a surprise that despite decades of 
research only 40 to 50% of the cases of RSM are due to “known” 
causes such as chromosomal abnormalities, endocrinologic 
aberrations, infections, and anatomical problems.5 As much as 
60% of the cases of RSM are due to “unknown” or “unexplained” 
etiologies (►Fig.  1).4 Thus the cause of RSM has remained 
unexplained in a majority of the cases and this has stimu-
lated research into possible immunologic etiologies of RSM. 

Immunologists have played valuable roles in research in obstet-
rics and gynecology, by exploring immunologic factors that 
may be responsible for RSM unexplained in terms of genetic, 
infectious, and endocrinologic factors.

Immunologic Etiologies of Recurrent 
Spontaneous Miscarriage
Both humoral immunity and cell-mediated immunity 
have been investigated as possibly contributing to RSM. 
Interestingly, the fetoplacental unit is resilient to attack by 
humoral immune factors except for anti-phospholipid anti-
bodies which are clearly implicated in a proportion of RSM.6

Much attention has been focused on cell-mediated 
immune effectors as possible etiologic factors; these include 
maternal T lymphocytes, macrophages, and natural killer 
(NK) cells in maternal peripheral blood and in uteroplacen-
tal tissues. A significant boost to research in this area came 
from the revolutionary discovery of the different subsets of 
T helper (Th) lymphocytes and the cytokines produced by 
them. As important effectors of cell-mediated immunity, 
cytokines have received a great deal of attention in the field 
of maternal–fetal immunology.

What are Cytokines?
What are cytokines and what is the relevance of cytokines to 
pregnancy and to pregnancy loss? Cytokines are the most crucial 
mediatory molecules of the immune system; they play extremely 
vital roles as communication signals primarily between cells of 
the immune system, and also between other cells in the body. 
Cytokines are pluripotent mediators of an impressive range of 
immune responses including the initiation and sustenance of 
normal immune responses to infections, rejection of allografts, 
autoimmune diseases, and hypersensitivity.7,8

Cytokines synthesized and secreted by immune cells such 
as Th lymphocytes, macrophages, and NK cells have been stud-
ied extensively in the context of the maternal–fetal relation-
ship. Th1 and Th2 cells are the major subsets of Th cells, with 
different patterns of cytokine production and thus different 
roles in immune responses.9,10 Th1 cells secrete the cytokines 
interferon (IFN) γ, tumor necrosis factor (TNF)-β, TNF-α, and 
interleukin (IL)-2; these so called Th1 cytokines stimulate and 
maintain strong cell-mediated and inflammatory reactions 
such as cytotoxicity and delayed-type hypersensitivity. These 
inflammatory cytokines mediate graft rejection, autoimmune 
disease pathology, and inflammatory tissue damage. On the 
other hand, Th2 cells secrete the cytokines IL-4, IL-5, IL-6, 
IL-10, and IL-13 which stimulate robust antibody production. 
Th1 and Th2 cells are mutually antagonistic to each other; 
some Th1 cytokines suppress the activation and/or the func-
tion of Th2 cells and vice versa.9,10

Cytokines and Pregnancy Loss
Healthy pregnancy is associated with a natural pregnan-
cy-induced immunomodulation in which there is a downreg-
ulation of Th1 responses and upregulation of Th2 responses, Fig. 1 Etiologies of recurrent spontaneous miscarriage.
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manifested as a suppression of cell-mediated immunity and 
an enhancement of humoral immunity.11-13 Indeed, cellu-
lar immunity mediated by effector cells and/or cytokines 
released by them have been demonstrated to harm the 
conceptus. The administrations of single low doses of the 
inflammatory Th1 cytokines TNFα, IFNγ, and IL-2 into preg-
nant mice cause abortions while the injection of anti-TNFα 
antibodies reduces abortion rates in a murine model of nat-
ural, immunologically-mediated abortion.14 TNFα and IFNγ 
block the outgrowth of human trophoblast cells in vitro15 
and synergistically induce the apoptosis of human primary 
villous trophoblast cells.16

Considering that pro-inflammatory or Th1 cytokines have 
so many cytotoxic and tissue-damaging effects, as well as 
anti-pregnancy capabilities, it is not surprising that unex-
plained RSM is associated with a greater bias toward Th1or 
pro-inflammatory cytokines.17 Peripheral blood cells from 
women with a history of RSM when stimulated with human 
trophoblast antigens were shown to secrete much higher 
levels of Th1 cytokines with embryotoxic activity.18 We have 
demonstrated that mitogen-stimulated peripheral lym-
phocytes from women with a history of healthy pregnancy 
produce significantly higher levels of the anti-inflamma-
tory Th2 cytokines IL-4, IL-5, and IL-10; on the other hand, 
women with unexplained RSM produce significantly ele-
vated levels of the pro-inflammatory cytokines IL-2, IFNγ, 
and TNF-α (►Figs. 2 and 3).19,20 We went on to confirm this by 
studying maternal immune reactivity to placental antigens 
stimulated either by co-culturing maternal lymphocytes 

with autologous placental cells and by exposing maternal 
lymphocytes to a trophoblast antigen preparation.21 The 
ratios of inflammatory cytokines to anti-inflammatory cyto-
kines were higher in women undergoing RSM compared 
with women undergoing healthy pregnancy; this supports 
the contention of Th1 or pro-inflammatory cytokine domi-
nance in RSM as opposed to a stronger Th2-bias in healthy 
pregnancy.22 Marzi and colleagues studied cytokine produc-
tion 1 to 2 weeks before any upcoming pathology could be 
detected; they found decreased production of the anti-in-
flammatory cytokines IL-4 and IL-10 and increased produc-
tion of the pro-inflammatory cytokines IFNγ and IL-2 by 
antigen-stimulated lymphocytes from women with RSM as 
opposed to those from normal pregnancy.23

The situation in the maternal periphery is mirrored by 
developments in the local environment, i.e., at the mater-
nal–fetal interface; lower levels of anti-inflammatory 
cytokine-producing T cell clones were found in the decidua 
of women with unexplained RSM than in the decidua of 
women with normal pregnancy.24 Endometrial expres-
sion of pro-inflammatory cytokines are upregulated, and 
anti-inflammatory cytokines downregulated, in women 
with idiopathic recurrent miscarriage as compared with 
controls.25 Most reports thus support the notion that 
women with recurrent miscarriage have increased levels of 
Th1 cytokines, while women with healthy pregnancy have 
decreased levels of Th1 cytokines and increased levels Th2 
cytokines; there is thus an increased pro-inflammatory cyto-
kine bias in unexplained recurrent miscarriage.17-25

Fig. 2 Effects of progestogens on Th1 cytokine production. Effects of progesterone (PHA+P), dydrogesterone (PHA+D), and dihydrodydro-
gesterone (PHA+DHD) on the production of IFN-α (A) and TNF-α (B) by peripheral blood lymphocytes stimulated with a mitogen (PHA). The 
levels of these two inflammatory Th1 cytokines are higher in recurrent miscarriage than in normal pregnancy and these are suppressed by 
progesterone (P), dydrogesterone (D), and dihydrodydrogesterone (DHD). IFN, interferon; TNF, tumor necrosis factor.

Fig. 3 Effects of progestogens on Th2 cytokine production. Effects of progesterone (PHA+P), dydrogesterone (PHA+D), and dihydrodydroges-
terone (PHA+DHD) on the production of IL-4 (A), IL-10 (B), and IL-13 (C). The levels of these three anti-inflammatory Th2 cytokines are lower 
in RSM than in normal pregnancy, and progesterone, dydrogesterone, and dihydrodydrogesterone increase the levels of IL-4 and IL-13. DHD, 
dihydrodydrogesterone; IL-4, interleukin-4; RSM, recurrent spontaneous miscarriage.
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Mechanisms of Cytokine Action in Recurrent 
Miscarriage
Pro-inflammatory Th1 cytokines have been reported to medi-
ate damage to the fetoplacental unit in different ways. NK cells 
in the blood and the uterus show elevated levels and activity in 
RSM; NK cells, like activated Th1 cells, produce cytokines that 
are known to be injurious to the trophoblast.26 Th1 cytokines 
also have the ability to convert NK cells into lymphokine-acti-
vated killer (LAK) cells that have been shown to lyse trophoblast 
cells; systemic levels of LAK-like cells correlate with high mis-
carriage rates.27 Hill explains that a Th1-dominated response 
could be detrimental to early placental differentiation and 
growth and thus harm embryonic development.28 Decidual 
NK cells are not cytotoxic, but secrete high levels of the Th1 
cytokine IFNγ29 which activates decidual macrophages which 
are known to kill trophoblasts.30

TNF-α and IFNγ both Th1 inflammatory cytokines kill tro-
phoblast cells by apoptosis, and may thus directly damage the 
conceptus18,31 and also inhibit the secretion of the growth-stim-
ulating cytokine granulocyte-macrophage colony-stimulating 
factor which contributes to the growth of placental cells. A 
potent mechanism of damage to the placenta was described by 
Knackstedt and colleagues32 who termed it “cytokine-triggered 
vascular autoamputation”; they showed that Th1 cytokines 
activate coagulation mechanisms that can lead to vasculitis 
which limits blood supply to the implanted embryo.

Manipulation of Cytokine Profiles
If pro-inflammatory cytokines are associated with recur-
rent miscarriage, can we downregulate these cytokines, and 
upregulate the beneficial anti-inflammatory cytokines? This 
would help create a milieu that is conducive to the success of 
pregnancy. This rationale is already being used successfully 
for diseases such as rheumatoid arthritis33 and inflammatory 
bowel disease34 using antibodies to cytokines and/or cytokine 
receptors. In the field of maternal–fetal immunology we can 
consider the use of the pregnancy-related hormone proges-
terone, which fascinatingly enough has been shown as early as 
in 1983, to have anti-inflammatory and immunosuppressive 
properties.35 Progesterone is of course indispensable for the 
establishment of the receptive endometrium and this has been 
known for a long time; what is less widely known is that pro-
gesterone contributes immunologically to the success of preg-
nancy by interacting with the maternal immune system. In fact 
progesterone was referred to as “Nature’s immunosuppressant” 
43 years ago, based on studies that demonstrated immunosup-
pressive properties of progesterone.36 Progesterone suppresses 
the activation and proliferation of lymphocytes,37 suppresses 
the oxidative burst of activated monocytes, and has been shown 
to prolong the survival of allografts when administered locally.38

Modulation of Cytokine Profiles by 
Progestogens
Considering that pro-inflammatory cytokines are asso-
ciated with recurrent pregnancy loss on the one 

hand17-25 and that progesterone has interesting immunomodu-
latory capabilities,35-38 it stands to reason that progestogens can 
be considered for downregulating Th1/pro-inflammatory cyto-
kine reactivity.

A landmark study showed that progesterone inhibits the 
production of Th1 cytokines by trophoblast antigen-activated 
peripheral blood cells from women with unexplained 
RSM.39 In addition to progesterone we have also investi-
gated the immunomodulatory capabilities of dydrogester-
one (6-dehydro-9β, 10α-progesterone) (Duphaston®, Abbott 
Laboratories, United States), an orally-administered pro-
gestogen, which is similar to endogenous progesterone in its 
molecular structure and pharmacological effects, but more 
potent than natural progesterone, with a high affinity for the 
progesterone receptor.40

We studied the production of cytokines by peripheral 
blood mononuclear cells (PBMCs) stimulated with a mito-
gen; we observed that in the presence of dydrogesterone or 
progesterone, PBMCs from women with a history of unex-
plained RSM produce significantly lower levels of the Th1 
(pro-inflammatory) cytokines IFNγ and TNFα as compared 
with women with a history of healthy pregnancy (►Fig. 2). 
On the other hand, levels of the Th2 cytokines IL-4 and 
IL-6 were significantly elevated in the presence of dydro-
gesterone or progesterone (►Fig.  3).41 We found a signifi-
cant reduction in Th1/Th2 cytokine ratios upon exposure 
to dydrogesterone, indicating a decrease in dominance of 
Th1 or pro-inflammatory cytokines. We also showed that 
the progesterone-receptor antagonist RU486 mitigates the 
effects of dydrogesterone and progesterone indicating that 
the effect of dydrogesterone and progesterone is mediated 
via the progesterone receptor.41

Several studies have focused on the potent 
pro-inflammatory cytokine IL-17 secreted by a subset of T 
lymphocytes called Th17. IL-17 is a powerful chemoattrac-
tant and activator of monocytes and neutrophils. The admin-
istration of IL-17 into pregnant mice leads to embryonic loss 
indicating that this inflammatory cytokine is antagonistic to 
pregnancy.42 Increased levels of IL-17 have been observed in 
the peripheral blood and decidua of recurrent aborters.43 The 
incidence of uRSM is associated with an increase in the level 
of serum IL-17 and the number of Th17 cells in peripheral 
blood.44 We have recently demonstrated that dydrogesterone 
also suppresses the production of this inflammatory cyto-
kine.45 Thus, dydrogesterone suppresses not just Th1 cytokines 
but also the Th17 cytokine, IL-17.

Thus, dydrogesterone has potent immunomodulatory prop-
erties; however, we were concerned about the fact that soon 
after ingestion, dydrogesterone is converted into 20[α]-di-
hydrodydrogesterone (DHD); in circulation dydrogesterone 
is actually present as DHD. Interestingly, we found that this 
metabolite also inhibits the production of the pro-inflamma-
tory cytokines IFNγ and TNFα and upregulates the production 
of the anti-inflammatory cytokine IL-4 showing that major 
metabolite of dydrogesterone retains the immunomodulatory 
effects of the parent molecule dydrogesterone.46 which is an 
important feature if we are to consider dydrogesterone as a 
potential therapeutic immunomodulator. Progesterone has 
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also been shown to preferentially support the development 
of human T cells producing Th2 cytokines in vitro leading to 
the inference that progesterone promotes fetal survival by 
inducing the production of Th2 cytokines.24 Subjects with a 
history of recurrent miscarriage having higher levels of serum 
progesterone were shown to have lower Th1/Th2 cytokine 
ratios suggesting that progesterone levels modulate cytokine 
production patterns in vivo.47

Progesterone modulates cytokine production profiles in a 
direct manner as described above; however, it is also capable 
of indirectly modulating cytokine profiles via a protein called 
progesterone-induced blocking factor (PIBF) discovered by 
Szekeres-Bartho et al 35 years ago.48 Fetal wastage induced by 
the transfer of NK cells into mice is reversed by the administra-
tion of PIBF.49 The blocking of endogenous PIBF with anti-PIBF 
antibodies, or the inhibition of PIBF synthesis by blocking pro-
gesterone receptors results in Th1-dominant cytokine produc-
tion, significantly increased NK activity, and fetal loss which is 
corrected by the treatment with anti-NK antibodies.50

PIBF is present in human serum and urine during nor-
mal gestation but urinary PIBF levels fail to increase in 
pathological pregnancies as they do in normal gesta-
tion.51 Failure to detect PIBF at 3 to 5 weeks of gestation 
was shown to be associated with a higher rate of miscar-
riage.52 Treatment of women undergoing threatened mis-
carriage with dydrogesterone proved to be beneficial; this 
was associated with increased levels of PIBF and it appears 
to be mediated through cytokines.53 We have observed that 
PIBF induces a Th2-dominant cytokine response, by facil-
itating the production of IL-4 and IL-10, thus altering the 
Th1/Th2 balance in favor of pregnancy.54

The cytokines IFNγ and TNFα that are downregulated by 
dydrogesterone and progesterone are the very mediators 
that are detrimental to the development of the embryo, 
implantation, and trophoblast proliferation15 and that 
are toxic to trophoblast cells.16 These two inflammatory 
cytokines cause fetal death when injected into pregnant 
mice.14 Thus, the ability of progestogens to inhibit the pro-
duction of these inflammatory cytokines can be expected 
to be conducive to the success of pregnancy (►Fig. 4).

Supplementation with Progesterone and 
Dydrogesterone: Clinical Applications
Supplementation with oral progesterone, compared 
with no treatment or treatment with a placebo, has been 
shown in Cochrane reviews to result in a reduction in 
miscarriage rate.55,56 A systematic review of progester-
one supplementation in RSM has shown a significant 
beneficial effect.57 Moreover, a randomized double-blind 
placebo-controlled trial showed that progesterone supple-
mentation results in significantly lower miscarriage rate, 
enhanced live birth rate, and increased rate of pregnancy 
continuation beyond 20 weeks. Administration of proges-
terone in the luteal phase of the cycle before confirmation 
of pregnancy in women with history of unexplained RM 
reduces the risk of miscarriage.58 Progesterone is currently 
being used in assisted reproductive technology to reduce 

the occurrence of miscarriage chiefly for threatened and/
or recurrent miscarriage.59 Choi et al have proposed that 
progesterone may benefit women in whom the etiology of 
RSM is related to maternal Th1 cytokine predominance.39

However, while supplementation with progesterone is 
beneficial, orally-administered progesterone is absorbed 
poorly, is subject to first-pass mechanism, has a short bio-
logic half-life,60 loses much of its bioactivity,61 and is cleared 
quickly.62 On the other hand, the orally-active progestogen 
dydrogesterone is highly selective for the progesterone recep-
tor is thus a more attractive alternative as it circumvents these 
drawbacks.40 As mentioned earlier, dydrogesterone retains 
its immunomodulatory activity even after it is converted 
to its major metabolite after oral administration.46 Another 
important feature of dydrogesterone is that its anti-andro-
genic properties avoid the masculinization of female fetuses 
and reduces the chances of insufficient masculinization of 
male fetuses.63

Several researchers have reported that supplementation 
with dydrogesterone is beneficial in recurrent miscarriage. 
El-Zibdeh observed that dydrogesterone-treated women with 
unexplained RSM had fewer miscarriages compared with pla-
cebo controls.64 An important randomized, double-blind, pla-
cebo-controlled study on dydrogesterone supplementation by 
Kumar et al recently demonstrated a significant decrease in 
the number of miscarriages as well as an increase in the mean 
gestational age at delivery.65 On the basis of a systematic review 
of randomized trials on dydrogesterone, Carp66 concluded that 
supplementation with dydrogesterone results in a 13% absolute 
reduction in the miscarriage rate, with minimal side-effects. 
The results of this systematic review demonstrate a significant 
reduction of 29% in the odds for miscarriage as compared with 
conventional care, thus confirming a real treatment effect.

Summary and Future Perspectives
The data presented in this review indicate that dydro-
gesterone, a progestogen that is widely used for 

Fig. 4 The impact of cytokines, progesterone, PIBF, and other factors 
and cells on the success of pregnancy. Other immunological and non-
immunological factors, of both maternal and placental origins, have 
been shown to influence pregnancy, but these are not discussed in 
this review. PIBF, progesterone-induced blocking factor.
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progesterone-related endocrinologic disorders of preg-
nancy, may find use from an immunologic perspective 
as well. Dydrogesterone shifts the balance from a Th1 or 
pro-inflammatory cytokine dominance toward a Th2 or 
anti-inflammatory bias; this is a cytokine pattern that is 
favorable to the success of pregnancy (►Fig. 5). Thus, dydro-
gesterone may be considered for effective, safe, and oral-
ly-administered therapeutic intervention in unexplained 
RSM.

Recent evidence suggests that dydrogesterone may be 
well worth considering for therapeutic or preventive inter-
vention in other pregnancy complications such as preterm 
delivery and pre-eclampsia both of which have been shown 
to be linked to increased Th1 reactivity.13,67-70 We have 
demonstrated that dydrogesterone suppresses the produc-
tion of Th1 cytokines and upregulates the production of 
Th2 cytokines by lymphocytes from women undergoing 
preterm delivery.71 A recent study showed that the admin-
istration of dydrogesterone in women at risk for preterm 
labor resulted in increased production of Th2 cytokines 
and PIBF, as well as decreased production of Th1 cytokines, 
suggesting that it could be considered for prevention or 
treatment of preterm labor and delivery.72 Similarly, sup-
plementation with dydrogesterone from 6 to 20 weeks 
of pregnancy significantly decreased the incidence of 
pre-eclampsia in women with high-risk pregnancy.73 Thus, 
while this review focuses primarily on recurrent miscar-
riage, recent evidence suggests that dydrogesterone can 
be considered for the prevention and/or treatment of two 
other major complications of pregnancy: preterm delivery 
and pre-eclampsia.

The fact that dydrogesterone has a well-established 
safety profile in addition to its attractive feature of being 
orally administered makes dydrogesterone a promising can-
didate for immunomodulation of pregnancy complications.
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Introduction

India features among the 30 high-tuberculosis (TB) burden 
countries and has accounted for an estimated one-quarter 
(27%) of all TB cases worldwide.1 Drug-susceptible TB (DS-
TB) is treated with regimens containing multiple first-line 
drugs (FLDs’) such as isoniazid (H), rifampicin (R), pyra-
zinamide (Z), and ethambutol (E), whereas second-line 
drugs (SLDs’) and few FLDs’ are reserved for treatment of 
drug-resistant TB (DR-TB). Good bacteriological diagnosis 

and compliance to treatment remains two main pillars of 
successful treatment of TB. An adverse drug reaction (ADR) 
has been defined as “a response to a drug which is noxious 
and unintended and which occurs at doses normally used in 
human for the prophylaxis, diagnosis, or therapy of disease, 
or for the modification of physiological function.”2 Patients 
may encounter with a variety of ADRs’ when managed with 
anti-TB drugs. ADRs cause significant morbidity and even 
sometimes mortality if not detected early.3-5 Major concerns 
exist regarding treatment of DR-TB patients, especially with 
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SLDs having lower efficacy, costly and more toxic as com-
pared to FLDs. Most of ADRs are mild or minor and can be 
managed without discontinuation of treatment. Few ADRs 
can be severe or major causing life-threatening experience 
leading to discontinuation or modification of treatment that 
may require hospitalization and even mortality if unrec-
ognized and untreated promptly. Various factors, such as 
timing of occurrence of ADR, pattern of illness, results of 
laboratory tests, rechalle.g., with type, dosing or timing of 
drugs administration, patient age, nutritional status, the 
presence of preexisting diseases, or dysfunctions (such as 
impaired liver function, impaired kidney function, human 
immunodeficiency virus (HIV) coinfection, and alcohol-
ism), might be attributed to causality of ADRs.6 Therefore, 
continued surveillance of ADRs is essential particularly in 
DR-TB cases where early detection and timely management 
of ADRs might determine successful outcome. This review 
aims to highlight the estimated burden and management 
strategies of various ADRs associated with anti-TB drugs 
among patients undergoing treatment of TB.

Epidemiology of Adverse Drug Reactions 
with First-Line Anti-TB Drugs
The data on global prevalence of ADRs with FLDs is scarce. 
The global prevalence of ADRs is variable ranging from 8 to 
85%.3,7-13 The reasons for the difference in the prevalence of 
ADRs might be related to several possible factors, such as 
differences in definitions of ADRs terminologies, as adopted 
by physicians, whether the ADRs were reported by patient 
(subjective) or detected by clinician (objective) on the basis 
of clinical evidence along with feasibility of monitoring 
with serial laboratory investigations, whether all or only the 
major ADRs were studied, associated comorbidities, such 
as diabetes and HIV coinfection and variations in the use of 
specific anti-TB drugs including dosage, and also pharma-
cological interactions with other group of drugs comprising 
antiretroviral therapy (ART), oral hypoglycemic agents, and 
also ancillary medications used for management of ADRs. 
A study conducted in Nigeria observed that around 14 and 
13% incidences of ADRs at 6 and 8 months, respectively. 
among patients receiving directly observed treatment and 
short-course (DOTS).10 Brazilian National Ministry of Health 
reported the incidence of minor or mild ADRs in patients 
treated with the former FLDs to range from 5 to 20%.11 It was 
also observed that major or severe ADRs’ were less common 
(occurring in approximately 2% of the cases, reaching 8% in 
specialized clinics) and led to the discontinuation or alter-
ation of the treatment. There were no difference in incidence 
of ADRs among patients having intermittent and daily intake 
of anti-TB drugs.14 ADRs were more prevalent in inten-
sive phase than continuation phase. The overall prevalence 
of ADRs with FLDs is estimated to vary from 2.3 to 17% in 
various Indian studies.7,15-17 A study conducted by Mehrotra 
observed that the prevalence of ADRs in the initial intensive 
phase was 17.39%.15 Another study conducted at a tertiary 
institute in Calcutta observed that the overall toxicity was 
found in 35% cases in the daily regimen group, whereas it was 

found to be 27.9% in the intermittent regimen group.18 Data 
regarding prevalence of ADRs are still scarce and further sur-
veys are required from different geographical areas of India 
in near future.

Epidemiology of ADRs Treated with 
Second-Line Anti-TB Drugs
The management of multidrug resistant (MDR)-TB patients 
has been considered to be complicated and challenging 
because of prolonged duration of 24 to 27 months of treat-
ment and high-toxicity profile of SLDs. The prevalence of 
ADRs observed in various studies conducted worldwide 
ranged from 69 to 96%.19-23 Reasons for the difference in the 
prevalence of ADRs are almost similar to that of FLDs except 
the fact that regimens for DR-TB contains repurposed drugs 
like linezolid (Lzd) and clofazimine (Cfz), as well as newer 
drugs such as bedaquiline (Bdq) and delamanid (Dlm). The 
observed frequency of specific gastrointestinal (GI) ADRs 
(0.5–100%) followed by ototoxicity (12–70%) among patients 
receiving SLDs. Tinnitus has been reported in 5 to 45% of 
patients whereas deafness in 6.7 to 33% patients. Ototoxicity 
is predominantly associated with the use of injectable ami-
noglycosides such as kanamycin (Km). There is possibility of 
additive effects of interaction with other concomitant and 
potentially ototoxic drugs that were used in the regimen 
such as ofloxacin (Ofx) and cycloserine (Cs). This warrants 
further investigation to uncover the possibility of these inter-
active effects. SLDs have reported to cause severe ADRs that 
have led to interruption of treatment in 19 to 60% of MDR-TB 
patients.19-23 The estimated high prevalence was due to early 
identification and aggressive management strategies adopted 
by national health programs. A study from Iran reported 
deafness and headache/psychosis occurring due to inject-
able Km and Cs, respectively, as major ADRs that required 
frequent discontinuation and/or substitution.23 MDR-TB 
patients should be managed aggressively for ADRs during 
therapy, especially for ototoxicity and psychiatric disorders. 
Very few have specifically reported frequency of ADRs in 
India.19,24-28 A study conducted in Tamil Nadu reported ADRs 
associated with standardized treatment in 86.8% patients.25 
Severe ADRs’ requiring either a reduction of dosage or ter-
mination of the offending drug(s), such as ethionamide (Eto), 
Ofx, Km, and Cs were observed in 58% patients. Higher inci-
dence of ADRs associated with SLDs has been reported in 
HIV patients with MDR-TB coinfection. A study conducted 
in Mumbai among 67 HIV and MDR-TB coinfected patients 
treated with anti-TB treatment, as well as ART, and reported 
that ADRs were more frequent in this cohort with 71, 63, 
and 40% of patients experiencing one or more mild, moder-
ate, or severe ADRs, respectively.26 ADRs, such as GI distur-
bances (45%), peripheral neuropathy (38%), hypothyroidism 
(32%), psychiatric symptoms (29%), and hypokalemia (23%) 
were reported more frequently among this cohort. Eleven 
patients required hospitalization and permanent discontin-
uation of one or more offending drugs that were observed 
in 40% patients. No ADRs led to indefinite suspension of an 
entire MDR-TB or ART regimen. A study reported 46.9% of 
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98 MDR-TB patients experiencing at least one ADRs.28 ADRs 
observed most frequently were nausea/vomiting in 24 
(24.5%) patients, hearing disturbances in 12 (12.3%) patients, 
dizziness/vertigo in 10 (10.2%) patients, and arthralgia in 9 
(9.2%) patients. Seventeen (17.4%) patients had major ADRs 
requiring change or stoppage of drugs that included ototoxic-
ity (6.1%), headache and psychosis (4.1%), GI intolerance and 
hypothyroidism (3.1%), as well as arthralgia and hepatitis 
(4.1%).28 Agents responsible for these ADRs were Km (ototox-
icity), Cs (headache/psychosis), Eto (GI tolerance/hypothy-
roidism), and Z (arthralgia/hepatitis). However, no mortality 
was observed due to occurrence of ADRs. Further studies are 
required for prevalence of ADRs’ in near future.

Specific Adverse Drug Reactions Associated 
with Anti-TB Drugs
Nausea/Vomiting
GI symptoms are one of the most common ADRs seen with 
intake of anti-TB drugs. Its severity can range from mild 
symptoms like nausea and vomiting to life-threatening com-
plications. All the FLDs can cause mild GI upsets that can be 
managed symptomatically without change in dosage of drugs. 
In a study of 893 patients by Shinde et al, it was found that GI 
upset with nausea, vomiting, and abdominal pain were the 
most common ADRs seen in 12.5% of patients.29 In another 
prospective study from China, it was found that GI ADRs were 
seen in 3.74% of 4,304 patients and only 7 patients required 
hospital admissions.30

Hepatotoxicity
The clinical presentation of anti-TB drug associated hep-
atitis is similar to that of acute viral hepatitis. Anti-TB 
drug-induced hepatotoxicity can manifest as transitory 
asymptomatic rise in transaminases or acute liver failure. 
The frequency of hepatotoxicity ranges from 2 to 39% in dif-
ferent countries.31 An increased incidence of hepatotoxicity 
has been observed in Indian subpopulation when compared 
to Western population.32,33 The occurrence of drug-induced 
hepatotoxicity is unpredictable though certain patients are 
at a relatively higher risk than other populations. The inci-
dence has been reported to be higher in developing coun-
tries and factors, such as advanced age, acute or chronic 
liver disease, alcoholism, HIV, indiscriminate use of drugs, 
malnutrition, hypoproteinemia, hypoalbuminemia, anemia, 
and prior history of jaundice, and more advanced TB has 
been implicated.34,35 Isolated H administration resulted in a 
three-fold increase in alanine aminotransferase levels over 
the normal in 10 to 20% of these patients.33,36 Transitory and 
asymptomatic increases in the serum levels of bilirubin and 
hepatic enzymes occurred in 5% of patients with R. When H 
was used in combination with R, the incidence of hepatitis 
was observed to be 2.7%. Cholestatic hepatitis occurred in 
2.7% of the patients receiving R in combination with H and 
was 1.1% when R was received in combination with anti-TB 
drugs other than H.33 Z is the most hepatotoxic drug with 
toxicity being either dose-dependent or idiosyncratic.37,38 
Hepatotoxicity has also been reported with SLDs but with 

lesser frequency as compared to FLDs. The incidence of 
hepatotoxicity is 2 to 3% with fluoroquinolones (FQs) with 
fulminant involvement <1%, whereas it is 1 to 2% with Eto/
prothionamide (Pto) and 0.3% with para-amino salicylic 
(PAS) acid.39,40 Hepatitis has been rarely reported with Lzd, 
Cfz, and newer drugs such as Bdq and Dlm.41

Peripheral Neuropathy
Peripheral neuropathy occurs in approximately 20% of 
patients treated with H.42 The other anti-TB drug known to 
cause peripheral neuropathy is E, but very rare in comparison 
to H. In the existing literatures also, occurrence of peripheral 
neuropathy is considered rare with the recommended doses 
of H used in DOTS strategy. Peripheral neuropathy has also 
been associated with Lzd, Eto, Cs, and rarely FQs.43

Psychiatric Disorders
H-related psychiatric disorders can manifest as psychosis, 
obsessive-compulsive neurosis, seizure, mania, loss of mem-
ory, and death.44 The mechanism of production of H-related 
psychiatric disorders is not clearly known, but H is known 
to interfere with several metabolic processes essential for 
the normal functioning of the neuron. H causes deficiency 
of vitamin B6 by causing excessive excretion of the vitamin, 
which in turn leads to a disturbance of normal tryptophan 
metabolism. There is great variability in the clinical fea-
tures of H-induced psychosis in the various reported cases. 
Jackson, in 1957, reported five cases of H-induced psycho-
sis that presented with excessive argumentation, mental 
depression, euphoria, grandiose ideas, and complex delu-
sions; none of these patients had any previous history of 
mental illness.45 Cs has been associated with diverse neuro-
psychiatric ADRs most common being psychosis reported in 
>10% patients. Other ADRs, such as anxiety, headaches, and 
seizures, were reported in 1 to 10% of patients and insomnia, 
suicidal ideation in <1% of patients. Eto has reported to cause 
giddiness and headache in 1 to 10% of patients and rarely 
mental disturbances in <1% of patients. FQs has reported 
to cause dizziness, headaches, and insomnia in 1 to 10%, 
whereas it can cause or lower threshold for seizures in <1% 
patients.46

Optic/Retrobulbar Neuritis
E is one of the important FLDs in the treatment of TB. 
Retrobulbar neuritis is the most important potential ADR 
from E. It is reversible in most cases and is related to the dose 
and duration of treatment, but may occasionally become irre-
versible resulting in permanent visual disability, especially in 
the older population.47 The reported incidence of retrobulbar 
neuritis when E is taken for more than 2 months is 18% in 
patients receiving greater than 35 mg/kg/day, 5 to 6% with 
25 mg/kg/day, and <1% with 15 mg/kg/day.48 Optic neuritis is 
observed rarely with H and SLDs such as Lzd and capreomy-
cin (Cm).49,50 Lzd induced optic neuritis is usually irreversible.

Ototoxicity
Streptomycin (S) predominantly affects the vestibular sys-
tem, whereas Km and Cm affects predominantly cochlear 
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apparatus. Audiometry data suggest that the incidence of 
S associated ototoxicity may be as high as 25%.51 In a large 
Indian study with short course chemotherapy regimes in 
the treatment of patients with pulmonary TB, 16.1% of 
the patients given S developed vertigo which was severe 
in 5% cases.52 In 10% of these patients, the drug had to be 
stopped. Reduction of dosage was needed in about 20% cases. 
Ototoxicity was observed in 10.12% patients within 3.8 ± 
2.6 months of treatment initiation with or without audiome-
try assessment.53 High prevalence of ototoxicity (27.01%) was 
reported in Indian patients with DR-TB treated with inject-
able drugs when ototoxicity was monitored regularly using 
pure tone audiometry.

Immunological and Hematological Adverse 
Drug Reactions
R has been associated with immune mediated thrombo-
cytopenic purpura and hemolytic anemia, especially with 
intermittent dosing. In a Brazilian study, R-induced throm-
bocytopenia, leukopenia, eosinophilia, hemolytic anemia, 
agranulocytosis, vasculitis, acute interstitial nephritis, and 
septic shock occurred in 0.1% of the patients.33,54 However, 
a few Asian studies reported allergic reactions with FLDs 
to be between 2.02 and 2.35% and hematological ADRs to 
be 0.1 to 0.7%. Author in his work on hematological abnor-
malities during therapy found that thrombocytopenia, char-
acterized by a rapid lowering of the platelet count in sensitive 
individuals was observed. Generally, the most common 
offending agent for the causation of thrombocytopenia sec-
ondary to anti-TB drug is R.54,55 Isolated case reports showing 
thrombocytopenia following administration of Z, H, and E 
are found in literature and are attributed to an immunolog-
ical phenomenon.54-57 S is very rarely implicated as a cause 
of thrombocytopenia. Lzd has reported to be associated with 
hematological ADRs most common being thrombocytope-
nia with reported incidence as high as 11.8%.58 Other ADRs 
like pancytopenia and myelosuppression are less common as 
compared to thrombocytopenia. These hematological ADRs 
are dose-dependent and usually reversible with clinical 
management.

Arthralgia
Z and E are two anti-TB drugs that have been reported to induce 
hyperuricemia in nongouty patients leading to arthralgia.59 The 
metabolite pyrazinoic acid is likely responsible for the hyper-
uricemic effect. The mechanism is related to pyrazinoic acid, 
the principal metabolite of Z getting further oxidized by xan-
thine oxidase that inhibits the renal tubular secretion of uric 
acid. Hyperuricemia has been reported in 43 to 100% of patients 
treated with Z (alone or in combination).60 Gouty attacks have 
also been associated with patients taking Z and E, as this com-
bination can also cause hyperuricemia by decreasing renal uric 
acid clearance, but it does so less consistently and to a lesser 

degree than Z alone. Arthralgia has been reported with FQs par-
ticularly Lfx and Bdq containing regimens for DR-TB.61,62

Renal Toxicity
Aminoglycosides produce renal toxic effects due to their 
accumulation in the renal tubules. Such effects are more 
common in elderly individuals and in patients with a history 
of kidney disease. Prolonged use of aminoglycosides, hepa-
totoxicity, dehydration, hypotension, and concurrent use of 
nephrotoxic drugs are other risk factors for renal toxicity. 
The risk of nephrotoxicity is less and range around 2% while 
using S.63,64 Injectable drugs such as Km and Am, as well as 
Cm are more nephrotoxic as compared to S making treat-
ment for DR-TB cases challenging with reported incidence of 
1.2 to 6.7%.65 E, Z, and Cs have been reported to cause renal 
toxicity. Newer drugs such as Bdq and Dlm can be used safely 
in DR-TB patients with renal failure.

Cutaneous Adverse Drug Reactions (CADRs)
Z has been described to cause various skin reactions like 
maculopapular rash, erythema multiforme, exfoliative der-
matitis, drug rash, and eosinophilia with systemic symptoms 
(DRESS) syndrome. Among the FLDs, Z is the commonest 
cause of CADRs (2.38%), followed by S (1.45%), E (1.44%), R 
(1.23%), and Z (0.98%).66 It is not uncommon for exfoliative 
dermatitis to occur with more than one of the four above 
drugs. The incidence of E-induced rash is found to be 0.5%. The 
author (R.P.) reported a rare occurrence of exfoliative derma-
titis secondary to E and Z in an 18-year-old female.67 Patients 
receiving H can develop antinuclear antibodies during the 
use of the drug. Less than 1% develops systemic lupus ery-
thematosus (SLE), the incidence of which is the same in both 
genders. H administration can also worsen preexisting lupus. 
Rash has also been reported with any SLDs including newer 
ones Bdq and Dlm.68

Cardiotoxicity (QTc Prolongation)
QTc prolongation on electrocardiogram (ECG) has been 
reported with FQs particularly moxifloxacin (Mfx), macro-
lides such as clarithromycin (Clr), Cfz, Bdq, and Dlm.69 Risk 
factors for QTc prolongation include elderly, female sex, 
underlying cardiac disorder including congenital and 
acquired, electrolyte imbalance, and concurrent use of ancil-
lary medications. A systematic search showed that Bdq is a 
relatively well-tolerated drug, as its discontinuation occurred 
in only 3.4 and 0.6% of patients due to ADRs’ and QTc prolon-
gation, respectively.69

Miscellaneous Adverse Drug Reactions
Few case reports on H and Eto/Pto induced gynecomastia and 
alopecia among patients treated with anti-TB therapy.70 A rare 
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occurrence of anaphylactic shock due to S was also reported.71 
Metallic taste has been reported with Eto/Pto and FQs.33,43 
Lactic acidosis has been associated with Lzd.33,43

Management of Adverse Drug Reactions
Management of ADRs associated with anti-TB drugs is con-
sidered to be an essential component in order to achieve 
adequate adherence leading to favorable outcome particu-
larly for DR-TB patients treated with toxic SLDs. Principles 
of pharmacovigilance have been adopted by the National TB 
Control Programmes all over the world. Pharmacovigilance 
is defined by the World Health Organization (WHO) as the 
“science and activities relating to the detection, assess-
ment, understanding, and prevention of ADRs or any other 
drug-related problem.”72 The objective is to improve patient 
care by assessing both risk and benefit received from the 
drug. Routine surveillance of ADRs according to a framed 
protocol is an integral part of the National Programmes 
which should be performed by symptom-based reporting 
followed by laboratory investigations at baseline and as when 
clinically indicated. Occult ADRs’ should be detected timely 
by laboratory investigations in order to prevent unrecognized 
serious effects. Monitoring should be frequent and more 
intense, particularly in high-risk groups, such as elderly, HIV 
or hepatitis coinfection, alcoholism, drug addiction, anemia, 
any preexisting illnesses, diabetes mellitus, hypoalbumin-
emia, malnutrition, chronic kidney disease, chronic liver dis-
ease, disseminated involvement, family history of frequent 
ADRs’ or atopy/alle.g., and use of ancillary medications, and 
ART or medications for treating opportunistic infections with 
high probability of drug interactions. A grading system has 
been devised to assess severity of all types of ADRs’ in order 
to maintain accuracy and consistency in surveillance.73 This 
system includes five grades as follows: (1) grade 1: mild 
symptoms requiring only observation and no intervention; 
(2) grade 2: moderate symptoms requiring medical interven-
tion such as ancillary drugs; (3) grade 3: severe symptoms 
with inability to carry social or functional activities requir-
ing medical intervention or even hospitalization; (4) grade 
4: life-threatening symptoms with inability to perform basic 
health care requiring medical intervention or hospitaliza-
tion in order to prevent permanent impairment, disability or 
deaths; and (5) grade 5: mortality associated with ADR(s). 
Concept of active TB drug-safety monitoring and manage-
ment (aDSM) has been introduced by WHO to provide active 
surveillance for detection of major or severe ADRs associated 
with novel DR-TB regimens and newer drugs by systematic 
clinical and laboratory assessment.74,75 Symptoms-based 
approach to management of minor and major ADRs to FLDs 
are tabulated in ►Tables  1–3. ADRs of second line anti-TB 

drugs is tabulated in ►Table 4 and management strategy of 
common ADRs are tabulated in ►Table 5.

Management of Adverse Drug Reactions in 
TB and HIV Coinfection
HIV patients experience more frequent ADRs to both anti-TB 
and other non-TB medications for other opportunistic infec-
tions, and the risk of ADRs enhances with the degree of 
immunosuppression.20,21,26 Identifying one or more offending 
drugs responsible for ADRs in patients receiving concomitant 
therapy for DR-TB and HIV is very challenging. Many of the 
medications used to treat coinfection have overlapping or 
additive ADRs, as mentioned in ►Table 6.75 The typical strat-
egy of stopping all medications and rechallenging them one 
by one is not possible in these patients, as the risk of emer-
gence of resistance, especially for ART, is very high. It should 
be noted that information regarding the frequency of ADRs is 
relatively scarce. Most of drugs have to be included in the reg-
imens outweighing the benefit over risk despite of awareness 
regarding high probability of overlapping ADRs. If two drugs 
with overlapping toxicities are considered to be essential 
for therapy, intense monitoring of ADRs is to be considered 
rather than disallowing a certain combination. The treating 
physician, whether working in public or private sector, must 
notify all diagnosed cases to concerned DOTS center and can 
refer for further management.

Conclusion
The treatment of TB can cause a variety of ADRs. ADRs of 
varying severity are common during treatment of DS-TB 
and DR-TB, particularly in the intensive phase of therapy. 
Some ADRs become more prevalent in DR-TB patients coin-
fected with HIV. Most ADRs can be successfully managed on 
an outpatient basis through a community-based treatment 
program, even in a resource-limited setting. Concerns about 
severe ADRs in the management of DR-TB patients are justi-
fied; however, they should not cause delays in the urgently 
needed rapid scale up of SLDs. ADRs can be detected by 
clinical evidence in resource-limited settings. DR-TB can be 
cured successfully with appropriate combination of drugs if 
ADRs associated with them can be managed aggressively and 
timely. Newer and less-toxic drugs are needed to treat DR-TB 
patients over large scale. Accurate diagnoses and knowle.g., 
of the pharmacological properties of the drugs involved will 
allow professionals to tailor their approach to each individual 
case in near future.
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Table 1 Adverse drug reactions of first line antitubercular drugs

Drug Common adverse drug reactions Rare adverse drug reactions

Isoniazid (H)  • Peripheral neuropathy
 • Hepatotoxicity
 • Cutaneous reaction
 • Nausea and vomiting

 • Anemia
 • Arthralgia
 • Dysarthria
 • Irritability
 • Seizure
 • Psychosis
 • Depression
 • Dysphoria
 • Lupoid reaction
 • Pellagra
 • Vasculitis
 • Thrombocytopenia
 • Optic neuritis

Rifampicin (R)  • Anorexia/nausea/vomiting
 • Hepatitis
 • Isolated jaundice
 • Sub-clinical unconjugated 

hyperbilirubinemia
 • Orange staining of body fluids

 • Flu-like syndrome
 • Thrombocytopenia
 • Hemolytic anemia
 • Acute renal failure (majority with intermittent 

dosing)
 • Pseudomembranous colitis
 • Pseudoadrenal crisis
 • Cutaneous reaction

Ethambutol (E)  • Retrobulbar/optic neuritis
 • Nausea and vomiting

 • Arthralgia
 • Peripheral neuropathy
 • Thrombocytopenia
 • Cutaneous reaction

 • Acute renal failure

Pyrazinamide (Z)  • Arthralgia
 • Hepatotoxicity
 • Nausea and vomiting

 • Gastrointestinal reaction
 • Cutaneous reaction
 • Sideroblastic anemia
 • Thrombocytopenia
 • Photosensitivity

Streptomycin (S)  • Vestibular and auditory nerve damage
 • Nephrotoxicity
 • Cutaneous reaction
 • Pain, induration at site of injection

 • Hypersensitivity reaction
 • Anaphylactic shock
 • Hemolytic anemia
 • Aplastic anemia
 • Agranulocytosis
 • Thrombocytopenia
 • Electrolyte abnormalities including hypokalemia, 

hypocalcemia, and hypomagnesemia
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Table 2  Symptoms based approach to the management of minor adverse drug reaction to first line antitubercular drugs not requiring 
stoppage of treatment

Symptoms Drug Management

Abdominal pain, nausea  • Related to rifampicin  • Reassure the patients

Burning of the Feet  • Related to isoniazid
 • Peripheral neuropathy

 • Continue isoniazid, and give pyridoxine 
50–100 mg daily

 • Large dose of pyridoxine, may interfere the action 
of isoniazid

Drowsiness  • Related to isoniazid  • Reassure the patients

Gastrointestinal Upset  • Any oral medications  • Reassure patients
 • Give drugs with less water
 • Give drugs over longer period of time (e.g.,  

20 minutes)
 • Give drugs with small amount of food
 • If these measure fails, provide antiemetic

Joint pains  • Related to pyrazinamide  • Continue pyrazinamide
 • Use aspirin or nonsteroidal anti-inflammatory drugs
 • Use intermittent directly observed treatment if 

possible

Red urine  • Related to rifampicin  • Reassure the patients

Women on rifampicin  • Rifampicin may reduce the 
effectiveness of oral contra-
ceptive pills

 • Alternative method of contraception should be 
provided

Table 3 Symptoms based approach to major adverse drug reactions to first line anti-tubercular drugs requiring stoppage of treatment

Symptoms Drug Management

Loss of hearing  • Related to streptomycin  • Otoscopy to rule out wax

 • Pure tone audiometry to be performed

 • Stop streptomycin if no other explanation

Dizziness  • If true vertigo and nystagmus, related to 

streptomycin

 • Stop streptomycin

 • If just dizziness with no nystagmus, try dose reduction for 1 

week

 • If there is no improvement stop streptomycin

Generalized reactions 
including shock and purpura

 • May be due to rifampicin, pyrazinamide and/ or 

streptomycin, thiacetazone

 • Stop all medications

 • Use different combination of drugs

Jaundice/hepatitis  • May be due to drug induced hepatitis (pyrazinamide/

rifampicin/isoniazid)

 • Either liver enzymes more than 5 times of upper 

limit of normal or more than 3 times of upper limit 

of normal with symptoms of hepatitis or jaundice 

(bilirubin >2 mg/dL)

 • Stop all antitubercular drugs until jaundice resolves and liver 

enzyme revert to baseline levels or < times of upper limit of 

normal

 • Rule out other causes/predisposing factors

 • Re-introduce same regimen either, gradually or all at once

 • If hepatitis has been life-threatening and was not of viral origin 

it is safer to use regimen like streptomycin, ethambutol and 

fluoroquinolones and cycloserine if required

 • Rifampicin should be reintroduced followed by isoniazid in 

increasing dosages under regular Liver function test monitoring

 • Pyrazinamide should not be necessarily reintroduced and 

regimen should be continued for at least 9 months

Moderate to severe skin rash  • Related to all first line anti-tubercular drugs  • Stop all antitubercular drugs

 • Reintroduce drug one by one once the rash has subsided

Visual impairment  • Related to ethambutol  • Visual examination/ophthalmologist opinion

 • Stop ethambutol

Vomiting/confusion  • Suspect drug induced hepatitis  • Urgent liver function test

 • If liver enzyme test unavailable, observe
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Table 4  Adverse drug reactions associated with second line antitubercular drugs

Drug Frequent Occasional Rare

Amikacin  • Pain at injection site
 • Proteinuria

 • Cochlear ototoxicity
 • Vestibular toxicity
 • Nephrotoxicity
 • Peripheral neuropathy
 • Rash
 • Eosinophilia

 • Fever

Kanamycin  • Pain at injection site
 • Renal damage (usually 

reversible)

 • Cochlear and vestibular ototoxicity (usu-
ally irreversible)

 • Peripheral neuropathy
 • Rash
 • Nephrotoxicity (dose related to cumu-

lative and peak concentration, often 
irreversible)

 • Fever

Capreomycin  • Nephrotoxicity
 • Tubular dysfunction
 • Urticaria
 • Maculopapular rash

 • Cochlear ototoxicity
 • Vestibular toxicity
 • Electrolyte disturbances (hypokalemia, 

hypomagnesemia and hypocalcemia)
 • Pain at injection site, induration and ster-

ile abscesses at site of injection
 • Neurotoxicity

 • Rash

Clofazimine  • Ichthyosis
 • Dry skin
 • Pink to brown black discolor-

ation of skin, cornea, retina, and 
urine

 • Nausea
 • Vomiting
 • Anorexia
 • Abdominal pain

 • Hepatitis
 • Hypersensitivity reaction
 • Nephrotoxicity
 • Acneiform eruption

 • Phototoxicity

Cycloserine and 
terizidone

 • Neurological disturbances 
(headache and tremors)

 • Psychiatric disturbances (sleep 
disturbances,

 • anxiety, depression, irritability, 
confusion, and drowsiness)

 • Inflammation of gums
 • Pale skin

 • Visual changes and eye pain
 • Skin rash
 • Jaundice (hepatitis)
 • Burning, tingling, and numbness in 

hands and feet

 • Seizures
 • Suicidal thoughts
 • Impaired hearing in fetus
 • Hypersensitivity reaction
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Table 4  (continued)

Drug Frequent Occasional Rare

Ethionamide and 
prothionamide

 • Severe gastrointestinal intoler-
ance (including nausea, vomiting,

 • diarrhea, abdominal
 • pain, excessive salivation metallic 

taste)
 • Dose related headache
 • Anorexia and weight loss
 • Stomatitis

 • Neurological disturbances
 • Psychiatric disturbances (depression, rest-

lessness, drowsiness)
 • Allergic reactions
 • Postural hypotension
 • Reversible hepatitis (transient increase in 

serum bilirubin)
 • Hypothyroidism (especially when com-

bined with PAS)
 • Menstrual irregularity
 • Gynecomastia
 • Arthralgia
 • Leukopenia

 • Peripheral neuritis
 • Optic neuritis
 • Pellagra-like syndrome
 • Rash
 • Photosensitivity
 • Thrombocytopenia
 • Alopecia
 • Impotence
 • Purpura

Gatifloxacin  • Generally well tolerated  • Gastrointestinal Intolerance  • Headache
 • Malaise
 • Insomnia
 • Restlessness
 • Dizziness
 • Diarrhea
 • Photosensitivity
 • Tendon rupture
 • Dysglycemia
 • Hepatotoxicity

Levofloxacin  • Generally well tolerated  • Gastrointestinal intolerance (diarrhea)
 • Neurological disturbances (insomnia, 

restlessness, dizziness, and seizure)
 • Allergic reactions
 • Photosensitivity

 • QT prolongation
 • Peripheral neuropathy
 • Tendon rupture
 • Rash

Moxifloxacin  • Generally well tolerated  • Gastrointestinal intolerance (diarrhea)
 • Neurological disturbances (insomnia, 

restlessness, and dizziness)
 • Allergic reactions
 • Photosensitivity

 • QT prolongation (in isolated 
cases)

 • Rash

Ofloxacin  • Generally well tolerated  • Gastrointestinal intolerance (diarrhea)
 • Neurological disturbances (headache, 

insomnia, and restlessness)

 • Allergic reactions
 • Photosensitivity
 • Peripheral neuropathy
 • Tendon rupture/tendinitis
 • Increased liver function tests

PAS  • Gastrointestinal intolerance 
(including metallic taste, 
anorexia, diarrhea)

 • Hypothyroidism especially when
 • Combined with ethionamide

 • Hepatitis
 • Thyroid enlargement
 • Allergic reactions
 • Fever
 • Increased prothrombin time
 • Malabsorption syndrome (e.g., steator-

rhea and low serum folate level)
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Table 4  (continued)

Drug Frequent Occasional Rare

Linezolid  • Gastrointestinal intolerance
 • Rash
 • Headache

 • Myelosuppression
 • Peripheral neuropathy
 • Optic neuropathy
 • Lactic acidosis

Clarithromycin  • Gastrointestinal intolerance 
(abdominal pain, nausea, vomit-
ing, and diarrhea)

 • Hepatitis
 • Ventricular arrhythmias

 •  • Hypersensitivity reaction
 • Pseudomembranous colitis
 • Fever
 • Rash

Rifabutin  • Hepatitis
 • Lukopenia
 • Rashes

 • Skin discoloration (Bronzing or 
pseudojaundice)

 • Thrombocytopenia
 • Anterior uveitis

Imipenem/
cilastatin

 • Gastrointestinal intolerance
 • Hypersensitivity reaction
 • Palpitation
 • Tachycardia

 • Seizure
 • Hypotension
 • Anemia
 • Thrombophlebitis

 • Renal failure
 • Hemorrhagic colitis
 • Pseudomembranous colitis

Meropenem  • Diarrhea
 • Nausea
 • Vomiting

 • Seizure (in CNS infection)  • Elevated Liver function test
 • Hematologic Toxicity

Thiacetazone  • Gastrointestinal intolerance
 • Skin rash
 • Anemia

 • Hepatitis
 • Exfoliative dermatitis
 • Stevens–Johnson syndrome

 • Bone marrow depression
 • Ototoxicity

Amoxicillin/
clavulanate

 • Diarrhea
 • Skin rash
 • Hypersensitivity reaction

 • Candida stomatitis
 • Vaginitis

 • Hepatic injury

Bedaquiline  • Nausea
 • Vomiting
 • Abdominal pain
 • Anorexia
 • Joint pain
 • Headache

 • QT prolongation
 • Hyperuricemia
 • Hepatotoxicity

Delamanid  • Nausea
 • Vomiting
 • Dizziness

 • QT prolongation

Abbreviations: CNS, central nervous system; PAS, Para-amino salicylic acid.
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Table 5  Common adverse drug reactions, suspected agent(s) and management strategies of antitubercular drugs used in drug resistant 
tuberculosis

Adverse drug reaction Suspected agent Suggested management strategies

Neurological

Seizures CS
H
All FQs’

 • Suspend suspected agent pending resolution of seizures
 • Initiate anticonvulsant therapy (e.g., phenytoin, carbamazepine, and valproic 

acid)
 • Valproic acid preferred in patients taking Bdq
 • Increase pyridoxine to maximum daily dose (200 mg per day)
 • Restart suspected agent or reintroduce suspected agent at lower dose, if essen-

tial to the regimen
 • Discontinue suspected agent if this can be done without compromising regimen
 • Anticonvulsant is generally continued until DR-TB treatment is completed or sus-

pected agent discontinued
 • Monitor dosing of drugs according to creatinine clearance
 • History of previous seizure disorder is not a contraindication to the use of agents 

listed here if a patient’s seizures are well controlled and/or the patient is receiv-
ing anticonvulsant

 • Patients with history of previous seizures may be at increased risk for develop-
ment of seizures during DR-TB treatment

Peripheral neuropathy Lzd Cs H
S
Km Am Cm Eto/Pto 
FQs’

 • Increase pyridoxine to maximum daily dose (200 mg per day)
 • Change injectable to capreomycin if patient has documented susceptibility to 

capreomycin
 • Initiate therapy with tricyclic antidepressants such as amitriptyline 25–50 mg
 • Nonsteroidal anti-inflammatory drugs or acetaminophen may help alleviate 

symptoms
 • Lower dose of suspected agent, if this can be done without compromising 

regimen
 • Discontinue suspected agent if this can be done without compromising regimen
 • Patients with comorbid disease (e.g., diabetes, HIV, alcohol neuropathy depen-

dence) may be more likely to develop peripheral neuropathy, but these condi-
tions are not contraindications to the use of the agents

 • Neuropathy may be irreversible; however, some patients may experience 
improvement when offending agents are suspended

Headache Cs
Bdq

 • Rule out other neurological diagnoses including migraine
 • Often self-limiting
 • Maintain adequate hydration
 • NSAIDs to be used in mild cases and tricyclic antidepressants in refractory cases
 • Pyridoxine supplementation to patients on Cs therapy
 • Precaution not to compromise the regimen
 • Initiation with lower dose of Cs and increase subsequently over weeks if regres-

sion of symptoms

 (continued)
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Table 5  (continued)

Adverse drug reaction Suspected agent Suggested management strategies

Psychiatric

Psychotic symptoms Cs H FQs’
Eto/Pto

 • Stop suspected agent for a short period of time (1–4 weeks) while psychotic 
symptoms are brought under control

 • Initiate antipsychotic therapy
 • Lower dose of suspected agent if this can be done without compromising 

regimen
 • Discontinue suspected agent if this can be done without compromising regimen
 • Some patients will need to continue antipsychotic treatment throughout 

MDR-TB therapy
 • Previous history of psychiatric disease is not a contraindication to the use of 

agents listed here but may increase the likelihood of psychotic symptoms devel-
oping during treatment

 • Psychotic symptoms are generally reversible upon completion of MDR-TB treat-
ment or cessation of the offending agent

Depression and suicidal 
ideation

Cs
FQ
Eto/Pto H

 • Offer group or individual counseling
 • Initiate antidepressant therapy
 • Lower dose of suspected agent if this can be done without compromising 

regimen
 • Discontinue suspected agent if this can be done without compromising regimen
 • Socioeconomic conditions and chronic illness should not be underestimated as 

contributing factors to depression
 • Depressive symptoms may fluctuate during therapy and may improve as illness 

is successfully treated
 • History of previous depression is not a contraindication to the use of the agents 

listed but may increase the likelihood of depression developing during treatment

Ototoxicity

Hearing loss/deafness S
Km Am

 • Monitoring with audiometry every month during intensive phase when treated 
with injectable aminoglycosides

 • - Document hearing loss and compare with baseline audiometry if

Cm
Clr

 • Available
 • Rule out alternative diagnoses
 • Change parenteral treatment to capreomycin if patient has documented sus-

ceptibility to capreomycin
 • Decrease frequency and/or lower dose of suspected agent if this can be done 

without compromising the regimen (consider administration three times per 
week)

 • Discontinue suspected agent if this can be done without compromising the 
regimen

 • Patients with previous exposure to aminoglycosides may have baseline hearing 
loss. In such patients, audiometry may be helpful at the start of MDR-TB therapy

 • Hearing loss is generally not reversible
 • The risk of further hearing loss must be weighed against the risks of stopping the 

injectable in the treatment regimen
 • While the benefit of hearing aids is minimal to moderate in auditory
 • Toxicity, consider a trial use to determine if a patient with hearing loss can ben-

efit from their use

 (continued)
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Table 5  (continued)

Adverse drug reaction Suspected agent Suggested management strategies

Vestibulotoxicity

Tinnitus dizziness Km Am Cm S
Cs FQs’
Eto/Pto Lzd
H

 • Consider using capreomycin if an aminoglycoside had been the prior injectable 
in regimen

 • Consider dosing 2–3 times a week if drug is essential to the regimen and patient 
can tolerate

 • Discontinue suspected agent if persistence of symptoms in view of residual 
effect

 • Precaution to be taken in elderly
 • Weekly monitoring after having symptoms

Gastrointestinal

Nausea and vomiting Eto/Pto PAS
H, E, Z
Bdq Dlm

 • Assess for dehydration; initiate rehydration if indicated in case of severe vomiting
 • Initiate antiemetic therapy like metoclopramide and ondansetron
 • Changing the dose timing, splitting of dose or supplementation along with or 

after food particularly for Eto, PAS
 • Lower dose of suspected agent if this can be done without compromising 

regimen
 • Discontinue suspected agent if this can be done without compromising regimen 

rarely necessary
 • Nausea and vomiting frequently observed in early weeks of therapy but abate 

with time on treatment and adjunctive therapy
 • Electrolytes should be monitored if vomiting is severe
 • Reversible upon discontinuation of suspected agent
 • Avoid ondansetron in patients taking Mfx, Bdq, and Dlm in view of QT 

prolongation

Gastritis and abdominal 
pain/acute abdomen

PAS
Eto/Pto Cfz
All FQs’ Lzd
Bdq Dlm

 • H2-blockers, proton-pump inhibitors, or other antacids
 • Stop suspected agent(s) for short periods of time (e.g., 1–7 days)
 • Lower dose of suspected agent, if this can be done without compromising 

regimen
 • Discontinue suspected agent if this can be done without compromising regimen
 • Severe gastritis, as manifested by hematemesis, melena or hematochezia, is rare
 • Dosing of antacids should be carefully timed so as to not interfere with the 

absorption of anti-tubercular drugs like FQs’ and Bdq (take 2 hours before or 3 
hours after medications)

 • Reversible upon discontinuation of suspected agent(s)
 • Lzd and Bdq can cause pancreatitis and work up required if suspected
 • Severe abdominal distress and acute abdomen have been reported with the use 

of clofazimine
 • Although these reports are rare, if this effect occurs, clofazimine should be 

suspended

 (continued)
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Table 5  (continued)

Adverse drug reaction Suspected agent Suggested management strategies

Hepatitis Z, H, R
Bdq Eto/Pto PAS FQs’

 • Stop all therapy pending resolution of hepatitis
 • Switch to three drug regimen S, FQ, and Cs in critically ill or extensive disease
 • Eliminate other potential causes of hepatitis including viral and alcoholism
 • History of previous hepatitis should be carefully analyzed to determine most 

likely causative agent(s); these should be avoided in future regimens
 • Conditions to stop therapy: AST or ALT elevation ≥5 times ULN with normal bil-

irubin/AST or ALT elevation ≥3 times ULN with bilirubin ≥2 times ULN or symp-
toms of jaundice/isolated total bilirubin ≥2 times ULN

 • Consider suspending most likely agent permanently (H, Eto, Z, FQs’ in case of 
shorter regimen and Eto, Z, Bdq, FQs’ in case of longer regimens)

 • Reintroduce remaining drugs when AST and ALT elevation < 2 times ULN, one 
at a time while monitoring liver function every 3 days in the following sequence 
(FQs’, Eto, H, Z in case of shorter regimen and FQs’, Bdq, Eto, Z in case of longer 
regimens)

 • Generally reversible upon discontinuation of suspected agent
 • N-acetyl cysteine can be prescribed but evidence is uncertain
 • Gastroenterologist consult in complicated cases such as hepatic encephalopathy 

or portal hypertension

Diarrhea PAS
Eto/Pto

 • Reassurance and observation in mild cases
 • Maintain hydration in severe cases
 • Monitor electrolytes in severe cases
 • Rule out any infectious etiology or dysentery or lactose intolerance
 • Use of loperamide in case of non-infectious etiology

Renal

Nephrotoxicity S
Km Am

 • Discontinue suspected agent
 • - Consider using capreomycin if an aminoglycoside had been the prior injectable 

in regimen

Cm  • Consider dosing 2–3 times a week if drug is essential to the regimen and patient 
can tolerate (close monitoring of creatinine)

 • Adjust all anti-tubercular medications according to the creatinine clearance
 • History of diabetes or renal disease is not a contraindication to the use of 

the agents listed here, although patients with these comorbidities may be at 
increased risk for developing renal failure

 • Renal impairment may be permanent
 • Creatinine monitoring every month for first three months and then every three 

months when SLID continued during intensive phase
 • Creatinine monitoring every 1 to 3 weeks in case of HIV, DM and other high risk 

cases

Electrolyte disturbances 
(hypokalemia and 
hypomagnesemia)

Cm Km Am S  • Check potassium
 • If potassium is low, also check magnesium (and calcium if hypocalcemia is 

suspected)
 • Replace electrolytes as needed
 • If severe hypokalemia is present, consider hospitalization
 • Amiloride 5–10 mg QD or spironolactone 25 mg QD may decrease potassium 

and magnesium wasting and is useful in refractory cases
 • Oral potassium replacements can cause significant nausea and vomiting.
 • Oral magnesium may cause diarrhea
 • Electrolyte monitoring every 1 to 3 weeks in case of HIV, DM and other high risk 

cases
 • Monitoring of calcium and magnesium levels in case of QTc prolongation on ECG

 (continued)
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Table 5  (continued)

Adverse drug reaction Suspected agent Suggested management strategies

Ophthalmological

Optic neuritis E
Eto/Pto Lzd

 • Visual acuity test and color vision at baseline and on occurrence of symptoms 
when treated with E and Lzd

 • Stop offending drug
 • Refer patient to an ophthalmologist if persistence of symptoms

 • Usually reverses with cessation of drug

Musculoskeletal

Arthralgia Z
FQs’
Bdq

 • Initiate therapy with nonsteroidal anti-inflammatory drugs
 • Lower dose of suspected agent if this can be done without compromising 

regimen
 • Discontinue suspected agent if this can be done without compromising regimen
 • Symptoms of arthralgia generally diminish over time, even without intervention
 • Uric acid levels may be elevated in patients on Z
 • Allopurinol appears not to correct the uric acid levels in such cases

Tendonitis FQs  • NSAIDS to be used
 • Provide rest to joints
 • Dose of FQ to be either reduced or stopped
 • Bdq to be considered
 • Care should be taken in diabetics

Hematological

Myelosuppression 
thrombocytopenia

Lzd  • Discontinuation of offending drug in severe cases and substitution with other 
drugs

 • Exclude other causes
 • Blood or platelet transfusion in few cases depending on involvement of cell 

lineage
 • Dose can be reduced to either 300 mg daily or 600 mg thrice weekly if there 

is recovery with serial complete blood count monitoring every week for first 
month and then every month

Metabolic

Hypothyroidism PAS
Eto/Pto

 • Initiate thyroxine therapy and titration according to serial thyroid function tests

 • Completely reversible upon discontinuation of PAS or ethionamide/
prothionamide

 • The combination of ethionamide/ prothionamide with PAS is more frequently 
associated with hypothyroidism than the individual use of each drug

 • Monitoring of TSH or complete thyroid profile if possible every three months 
when both PAS and Eto/Pto included in regimen or every six

 • Months when any one of them used in regimen

Dysglycemia Gfx
Mfx
Eto/Pto

 • Monitor blood sugars and strict control particularly in diabetics
 • Monthly monitoring of blood glucose
 • Treat hyperglycemia or hypoglycemia
 • Gfx can be replaced with other FQs
 • Insulin based regimens should be preferred over oral hypoglycemics

 (continued)
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Table 6  Common adverse drug reactions of antiretroviral and antitubercular drugs

Toxicity Antiretroviral agent Antituberculosis 
agent

Comments

Peripheral neuropathy D4T, ddI, ddC Lzd, Cs, H, Sm, Km, 
Am, Eto/Pto, E

 • Avoid use of D4T, ddI and ddC in combination with Cs or 
Lzd because of increased peripheral neuropathy

 • If these agents must be used and peripheral neuropathy 
develops, replace the ART with a less neurotoxic agent

Central nervous system 
(CNS) toxicity

EFV Cs, H, Eto/Pto, Ofx, 
Lfx, Mfx, Lzd

 • EFV has a high rate of CNS adverse drug reactions (confu-
sion, impaired concentration, depersonalization, abnormal 
dreams, insomnia and dizziness) in the first 2 to 3 weeks, 
which typically resolve on their own.

 • If these effects do not resolve on their own, consider sub-
stitution of the agent

Depression/psychosis EFV Cs, Tzd, Ofx, Lfx, 
Mfx, H, Eto/Pto

 • Severe depression can be seen in 2.4% of patients receiving 
EFV

 • Consider substituting for EFV if severe depression develops

 (continued)

Table 5  (continued)

Adverse drug reaction Suspected agent Suggested management strategies

Dermatological

Rash itching
Allergic reaction 
anaphylaxis

All FLDs and SLDs  • Reassurance and conservative treatment for mild dermatological reactions
 • Exclusion of other diagnoses of skin disorders
 • Antihistaminics and corticosteroid ointments to be used
 • Oral steroids in refractory cases
 • Order of reintroduction will be H, R, Z, Eto, Cs, E, PAS, FQ, and Km
 • Discontinue offending drug responsible for severe reactions such as Steven–

Johnson syndrome

Cardiac

QTc interval prolongation Bdq Dlm
FQs’ especially Mfx
Cfz Clr

 • Serial monitoring with ECG and look for changes
 • If QTc interval 480–500 ms
 • Offending drugs should be continued under serial ECG monitoring (at least twice 

a week)
 • Exclude congenital or acquired cardiac disorders and other comorbidities
 • Monitor electrolytes (Na, K, Ca, and Mg) and creatinine routinely
 • - Precautions when used with Cm, Am, or other ancillary medications

 • Such as diuretics/macrolide antibiotics
 • If low electrolytes, discontinue drug temporarily till levels get corrected
 • If QTc interval ≥500 ms
 • Offending drugs should be immediately stopped temporarily till interval goes 

<470 ms
 • Mfx should be replaced with Lfx preferably
 • Subsequently, Cfz then Bdq and Dlm if there is persistent prolongation
 • Avoid Bdq and Dlm combination containing regimens if there is cardiotoxicity
 • Reintroduction in following sequence till there is QT interval <470 ms-Bdq, Mfx 

in case of Lfx resistance, Cfz, and Dlm

Abbreviations: ALT, alanine transaminase; Am, amikacin; AST, aspartate transaminase; Bdq, bedaquiline; Cfz, clofazimine; Clr, clarithromycin; 
Cm, capreomycin; Cs, cycloserine; Dlm, delamanid; DR-TB, drug resistant tuberculosis; E, ethambutol; ECG, electrocardiogram; Eto, ethi-
onamide; FLD, first-line drug; FQ, fluoroquinolones; Gfx, Gatifloxacin; Km, kanamycin; H, isoniazid; Lfx, Levofloxacin; Lzd, linezolid; MDR, 
multi-DR; Mfx, Moxifloxacin; NSAID, nonsteroidal anti-inflammatory drug; PAS, para-amino salicylic acid; Pto, prothionamide; QD, once daily; 
R, rifampicin; S, streptomycin; SLD, second-line drug; TSH, thyroid stimulating hormone; Z, pyrazinamide.
Note: Drugs that the strongly associated with adverse effects shown in bold.
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Table 6  (continued)

Toxicity Antiretroviral agent Antituberculosis 
agent

Comments

Headache AZT, EFV, all inte-
grase inhibitors

Cs, Bdq  • Rule out more serious causes of headache such as bacterial 
meningitis, cryptococcal meningitis, CNS toxoplasmosis, 
etc.

 • Use of analgesics (ibuprofen and paracetamol) and good 
hydration may help.

 • Headache secondary to AZT, EFV, and Cs is usually 
self-limited

Nausea and vomiting RTV, D4T, NVP, 
RGV

Eto/Pto, PAS, H, E, 
Z, Bdq

 • Nausea and vomiting are common adverse drug reactions 
and can be managed.

 • Persistent vomiting and abdominal pain may be a result 
of developing lactic acidosis and/or hepatitis secondary to 
medications

Abdominal pain All ART treatments 
have been associ-
ated with abdomi-
nal pain

Cfz, Eto/Pto, PAS  • Abdominal pain is a common adverse drug reaction and 
often benign

 • Abdominal pain may be an early symptom of severe 
adverse drug reactions, such as pancreatitis, hepatitis or 
lactic acidosis

Pancreatitis D4T, ddI, ddC Lzd  • Avoid use of these agents together.
 • If an agent causes pancreatitis, suspend it permanently 

and do not use any of the pancreatitis-producing ART 
(D4T, ddI, or ddC) in the future.

 • Also consider gallstones or alcohol as a potential cause of 
pancreatitis

Diarrhea All protease inhibi-
tors, ddI (buffered 
formula), RGV

Eto/Pto, PAS, Ofx, 
Lfx, Mfx

 • Diarrhea is a common adverse drug reaction
 • Also consider opportunistic infections as a cause of diar-

rhea, or clostridium difficile (a cause of pseudomembra-
nous colitis).

Hepatotoxicity NVP, EFV, all PIs, 
all NsRTIs, all inte-
grase inhibitors, 
maraviroc

H, R, E, Z, PAS, Eto/
Pto, Ofx, Lfx, Mfx, 
Bdq

 • Also consider TMP/SMX as a cause of hepatotoxicity if the 
patient is receiving this medication

 • Also rule out viral etiologies such as cause of hepatitis 
(Hepatitis A, B, C and CMV)

Skin rash ABC, NVP, EFV, 
D4T, maraviroc

H, R, Z, PAS, Am, Km, 
Ofx, Lfx, Mfx, Amx-
Clv, T

 • Do not rechalle.g., with ABC (can result in life-threatening 
anaphylaxis)

 • Do not re-challe.g., with an agent that causes Stevens–
Johnson syndrome

 • Also consider TMP/SMX as a cause of skin rash if the patient 
is receiving this medication.

 • T is contraindicated in HIV because of life-threatening rash.

Lactic acidosis D4T, ddI, AZT, 3TC Lzd  • If an agent causes lactic acidosis, replace it with an agent 
less likely to cause lactic acidosis

Nephrotoxicity TDF Sm, Km, Am, Cm, Lfx  • TDF may cause renal injury with the characteristic features 
of Fanconi’s syndrome, hypophosphatemia, hypouricemia, 
proteinuria, normoglycemic glycosuria and in some cases, 
acute renal failure

 • Use TDF with caution in patients receiving aminoglyco-
sides or Cm and Lfx

 • Mfx should be preferred when ART contains TDF
 • Frequent creatinine and electrolyte monitoring every 1 to 

3 weeks is recommended

 (continued)
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Table 6  (continued)

Toxicity Antiretroviral agent Antituberculosis 
agent

Comments

Nephrolithiasis IDV None  • No overlapping toxicities regarding nephrolithiasis have 
been documented between ART and anti-TB medications

 • Adequate hydration prevents nephrolithiasis in patients 
taking IDV

 • If nephrolithiasis develops while on IDV, substitute with 
another PI if possible

Electrolyte disturbances TDF Cm, Sm, Km, Am  • Diarrhea and/or vomiting can contribute to electrolyte 
disturbances

 • Even without the concurrent use of TDF, HIV-infected 
patients have an increased risk of both renal toxicity and 
electrolyte disturbances secondary to aminoglycosides 
and Cm

Bone marrow 
suppression

AZT Lzd, R, Rfb, H  • Monitor blood counts regularly
 • -Replace AZT if bone marrow suppression develops.
 • Consider suspension of Lzd
 • Also consider TMP/SMX as a cause if the patient is receiv-

ing this medication
 • Consider adding folinic acid supplements, especially if 

receiving TMP/SMX

Optic neuritis ddI E, Eto/Pto (rare)  • Suspend agent responsible for optic neuritis permanently
 • Replace with an agent that does not cause optic neuritis

Hyperlipidemia PIs, EFV None  • No overlapping toxicities regarding hyperlipidemia have 
been documented between ART and anti- TB medications

Lipodystrophy NRTIs (especially 
D4T and ddI)

None  • No overlapping toxicities regarding lipodystrophy have 
been documented between ART and anti-TB medications

Dysglycemia (disturbed 
blood sugar regulation)

PIs Gfx, Eto/Pto  • PIs tend to cause insulin resistance and hyperglycemia
 • Eto/Pto tend to make insulin control in diabetics more 

difficult, and can result in hypoglycemia and poor glucose 
regulation

Hypothyroidism D4T Eto/Pto, PAS  • There is potential for overlying toxicity, but evidence is 
mixed

 • Several studies show sub-clinical hypothyroidism 
associated with ART particularly d4T

 • PAS and Eto/Pto, especially in combination, can commonly 
cause hypothyroidism

Myopathy 
rhabdomyolysis

AZT, RGV E, Z  • Clinical correlation to rule out offending drug
 • Monitoring with creatine phosphokinase
 • Thorough clinical evaluation to rule out HIV associated 

myopathy
 • Muscle biopsy can be performed
 • AZT associated mitochondrial myopathy

QT prolongation EFV, All PIs Lfx, Mfx, Cfz, Bdq, 
Dlm

 • Close monitoring to be done by ECG
 • Mfx is more commonly associated with QT prolongation
 • Lfx to be preferred over Mfx

Abbreviations: 3TC, lamivudine; ABC, abacavir; Am, amikacin; ALT, alanine transaminase; ART, antiretroviral therapy; AST, aspartate transaminase; 
AZT/ZDV, zidovudine; Bdq, bedaquiline; Cfz, clofazimine; Clr, clarithromycin; Cm, capreomycin; CMV, cytomegalovirus; CNS, central nervous sys-
tem; Cs, cycloserine; d4T, stavudine; ddC, zalcitabine; ddl, didanosine; Dlm, delamanid; DLV, delavirdine; DR-TB, drug resistant tuberculosis; DTG, 
dolutegravir; E, ethambutol; ECG, electrocardiogram; EFV, efavirenz; Eto, ethionamide; ETV, eltravirine; EVG, elvitegravir; FQ, fluoroquinolones; 
FTC, emtricitabine; Gfx, Gatifloxacin; Km, kanamycin; H, isoniazid; IDV, Indinavir; INV, indinavir; Lfx, Levofloxacin; Lzd, linezolid; MDR, multi-DR; 
NSAID, nonsteroidal anti-inflammatory drug; NsRTIs, Nucleoside reverse transcriptase inhibitors; NVP, nevirapine; Mfx, Moxifloxacin; PAS, para-
amino salicylic acid; PI, protease inhibitor; Pto, prothionamide; R, rifampicin; RPV, rilpivirine; RTV, ritonavir; RGV, raltegravir; S, streptomycin; TDF, 
tenofovir; TMP/SMX, Trimethoprim/Sulphamethoxazole; TSH, thyroid stimulating hormone; Z, pyrazinamide.
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The world is in the midst of the COVID-19 pandemic. In addition to quarantine, 
public health interventions which can reduce the risk of infection and death are 
urgently required. This article discusses the roles of vitamin D in reducing the risk of 
COVID-19, and how vitamin D supplementation may be a useful risk reduction mea-
sure. Vitamin D can reduce the risk of infections through a variety of mechanisms: 
induction of cathelicidins and defensins that can lower the rate of viral replication and 
decrease the concentrations of pro-inflammatory cytokines, which are responsible 
for induction of inflammation, injuring lining of lungs and contributing to develop-
ing pneumonia. Evidence supporting the role of vitamin D in reducing the incidence 
of COVID-19 includes a) winter outbreak; b) a timeframe when concentrations of 
25-hydroxyvitamin D (25(OH)D) are lowest; c) a small number of cases in the south-
ern hemisphere toward the end of summer; d) a vitamin D deficiency found to lead 
to acute respiratory distress syndrome (ARDS); e) and a rise in case-fatality rates with 
increasing age and comorbid chronic diseases, both of which are associated with lower 
concentrations of 25(OH)D. It is recommended that people at risk of COVID-19 con-
sider taking 10,000 IU/d of vitamin D3 for a few weeks to rapidly increase 25(OH)D 
concentrations, followed by 5,000 IU/d to reduce the risk of infection. Higher doses of 
vitamin D3 may be useful for treating people who are infected with COVID-19. To test 
these guidelines, randomized controlled trials and comprehensive population studies 
should be performed.

Abstract

Keywords
 ► COVID-19
 ► acute respiratory tract 
infection
 ► vitamin D
 ► 25-hydroxyvitamin D
 ► SARS CoV-2

DOI https://doi.org/ 
10.1055/s-0041-1724460 
ISSN 0379-038X.

© 2021. 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

Introduction
The world is in the grasp of the novel coronavirus 2019 
(COVID-19) pandemic. This infection began in late 2019 in 
Wuhan, China, which was originally called 2019-nCoV and 
renamed COVID-19 by the World Health Organization on 
February 11, 2020. Previous CoV epidemics include severe 
acute respiratory syndrome (SARS)-CoV, initiated in China 
in 2002, and Middle East respiratory syndrome (MERS)-CoV, 

first recorded in 2012. All these epidemics started with infec-
tion between animals and humans. The primary cause of 
death is usually due to extreme atypical pneumonia observed 
in patients.1

Vitamin D is a fat-soluble-vitamin which is distinct from 
others in that a main source comes from the conversion of 
its precursor under the skin by ultraviolet (UV)-light-induced 
action. Dietary sources include dietary supplements and 
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fortified foods. Studies have demonstrated a high prevalence 
of the worldwide vitamin D deficiency. Deficiency of vitamin 
D may influence the immune system, as it plays a pivotal 
role in immunomodulation2 and improves innate immu-
nity by upregulating antimicrobial peptide expression and 
secretion, which enhances mucosal defences.3 In addition, 
recent meta-analyses have documented a protective effect 
of supplementation with vitamin D on respiratory tract 
infections.4-7

25-hydroxyvitamin D (25(OH)D) promotes the pro-
duction of antimicrobial peptides in response to both viral 
and bacterial stimuli and suggests a possible mechanism 
for the regulation of vitamin D-inducible defense against 
respiratory pathogens. Vitamin D metabolites have also 
been documented to induce other innate mechanisms for 
antimicrobial effectors, including autophagy induction and 
synthesis of reactive nitrogen intermediates and reactive 
oxygen intermediates. Such epidemiological and in vitro 
findings prompted multiple randomized controlled trials to 
determine whether supplementation with vitamin D could 
reduce the risk of COVID-19.7 To date, we could identify five 
meta-analyses which have performed integrating data from 
up to 15 primary studies, of which only two studies indicate 
statistically significant protective effects5,6 and three studies 
indicate no statistically significant effects.8-10 All but one of 
those meta-analysis of data recorded statistically significant 
heterogeneity impact between primary trials.

We searched PubMed and Google scholar for publications 
regarding COVID-19 with respect to epidemiology, clinical 
symptoms, immune function, vitamin D and (25(OH)D), to 
conduct this narrative review.

Epidemiology
COVID-19 is caused by a new beta-coronavirus, SARS 
CoV-2; its epicenter was located in Wuhan, China, 
and has spread worldwide. As of June30, 2020, there 
have been 10,185,374 confirmed cases of COVID-19, 
including 503,862 deaths.11 This greatly exceeds average 
deaths caused by both SARS and MERS. People older than 
60 years of age with hypertension, diabetes, chronic obstruc-
tive pulmonary disorder (COPD), and cardiovascular, cere-
brovascular, liver, kidney and gastrointestinal (GI) disorders 
are more vulnerable to SARS-CoV-2 infection and experience 
higher mortality when COVID-19 develops. Because of lim-
ited number of patients, the involvement of malignant con-
ditions is under debate. In general, 19 percent of patients 
with COVID-19 produce acute respiratory distress syndrome 
(ARDS) (PaO2/FiO2 < 300 mm Hg) within 24 to 48 hours after 
symptom onset.12

Pathology
COVID-19's pathogenic features mimic those of SARS and 
MERS. Puncture lung biopsies show the presence of pneumo-
nia, edema, protein exudate with globules, focal hyperplasia 
of alveolar epithelial cells associated with patchy inflamma-
tory infiltrates, and multinucleated giant cells in the early 

stages of the infection. Apart from hemorrhage and certain 
areas of interstitial fibrosis, diffuse alveolar damage (DAD) is 
found at the later stages. Fibrotic clots and gelatinous mucus 
in the small airways and disseminated intravascular coagula-
tion are also present. The lungs are the most damaged organs 
according to clinical findings, followed by moderate heart, 
liver, kidneys and brain injury.12

Clinical Presentation
The most common symptoms that are observed in general 
population are fever (98%), cough (76%), dyspnea (55%), and 
myalgias or fatigue (up to 44%). These symptoms are also 
common in older adults; a study on 21 critically ill patients 
with SARS-CoV-2 infection, with a mean age of 70 years, 
found that the most common presenting symptoms were 
shortness of breath (76%), fever (52%), and cough (48%). Up 
to 86% of older adults had comorbidities and the most severe 
were chronic kidney disease (48%), congestive heart failure 
(43%), COPD (33%), and diabetes (33%). Most older adults 
have some type of organ damage caused by SARS-CoV-2, 
including ARDS (71%), acute kidney injury (20%), cardiac 
injury (33%), liver dysfunction (15%), and 67% of vasopressor 
support needed for care. Chest CT imaging of patients with 
SARS-CoV-2 in all age groups showed ground glass opaci-
ties (GGO) (87%), mixed GGO and consolidation (65%), vas-
cular enlargement (72%), and traction bronchiectasis (53%). 
Among these were peripheral distribution (87.1%), bilateral 
lung involvement (82.2%), lower lung predominance (54.5%), 
and multifocality (54.5%). In contrast, chest X-ray results in 
older adults revealed bilateral reticular-nodular opacities 
(58%), GGO (48%), pleural effusions (~33%), peribronchial 
thickening (~25%), and focal consolidations (20%).13

Vitamin D and Immune Function
In older adults, vitamin D is necessary to help preserve bone 
and muscle strength, plays a key role in the prevention and 
treatment of falls and fractures, and helps absorb calcium 
from the gut. Recent research has also emphasized that vita-
min D can play a major role within the immune system. With 
increasing age, the immune response shifts to a more proin-
flammatory state that can lead to chronic low-level inflam-
mation and gradual accumulation of damage, with eventual 
progression to chronic illness. Proinflammatory condition 
associated with this age is referred to as “inflammation-aging.” 
It may be especially relevant in times of metabolic stress such 
as infection wherein the body is already preset to a higher 
degree of inflammation and may compromise the requisite 
immune response to the infection. Research and experiments 
have shown that vitamin D can modify the response of the 
immune system by affecting the synthesis and distribution 
of the immune molecules known as cytokines. Vitamin D has 
been shown to help signal the increased anti-inflammatory 
molecules output and decrease proinflammatory mole-
cules output. This change in immune response in theory 
may have some significant advantage in “cytokine storm” 
cases—a large release of proinflammation observed in those 
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infected with COVID, which can ARDS. Importantly, in a large 
cross-sectional clinical trial (n = 18,883), the risk of respira-
tory infection increased with lower blood vitamin D levels, 
and the effect was even stronger in those with underlying 
lung conditions.14 Many case-control studies have also doc-
umented associations between low vitamin D and increased 
risk of infection, while in a trial that supplemented patients 
at risk of respiratory infection with 1,000 IU of vitamin D a 
day for a year, the use of supplements decreased both symp-
toms and antibiotic use.15,16 Recently, a large meta-analy-
sis (data analysis of a large collection of previous studies) 
of 10,933 people from 25 trials conducted in 15 countries 
investigated whether taking a vitamin D supplement helped 
to prevent colds, flu, and chest infections (acute respira-
tory tract infections).7 Vitamin D had a significant protec-
tive effect when it was given daily or weekly to people with 
lowest vitamin D levels: the risk of having at least one acute 
respiratory tract infection was reduced from 60% to 32% in 
these people. Overall, the chance of developing at least one 
acute respiratory tract infection decreased with vitamin D 
supplements. The authors of the study have concluded that 
taking a vitamin D supplement is safe and can help protect 
against acute respiratory tract infections, particularly when 
baseline levels are low. A recent study (2019) conducted 
on 21,000 participants from eight trials found that peo-
ple with low levels of blood vitamin D had a 64% increased 
risk of pneumonia acquired by the population. Maintaining 
an appropriate vitamin D level in adults is also beneficial in 
the prevention of acute respiratory tract infections and thus 
could be helpful in the COVID-19 pandemic.17 The relative 
association between the incidence of COVID-19 infection, 
acute respiratory tract infection and vitamin D supplemen-
tation also needs to be evaluated.

Vitamin D and Mechanisms to Reduce 
Microbial Infections
The general metabolism of vitamin D and its behaviour is well-
known. In the skin, vitamin D3 is formed by the action of UVB 
radiation hitting 7-dehydrocholesterol in the skin, accompa-
nied by a thermal response. The general metabolism of vita-
min D and its activity is well-known. In the skin, vitamin D3 is 
formed by the action of UVB radiation hitting 7-dehydrocho-
lesterol in the skin, accompanied by a thermal reaction. The 
vitamin D3 or oral vitamin D is transformed into 25(OH)D 
in the liver and then into 1,25(OH)2D (calcitriol) hormonal 
metabolite in the kidneys or other organs as needed. Most 
of the impact of vitamin D results from the entry of calcitriol 
into the nuclear vitamin D receptor, a DNA-binding protein 
that interacts directly with regulatory sequences near tar-
get genes and recruits active chromatin complexes that are 
genetically and epigenetically involved in modifying tran-
scription performance. A well-known function of calcitriol 
is to help in managing the serum calcium concentrations, 
which it does in a parathyroid hormone (PTH) feedback loop 
that has many important roles in the body itself. Various 
studies have analyzed that how vitamin D decreases the risk 
of viral infection. Vitamin D has several pathways by which 

risk of microbial infection and death is reduced. A recent 
review of the role of vitamin D in reducing the common cold 
risk divided these mechanisms into three categories: phys-
ical barrier, natural cellular immunity, and adaptive immu-
nity. Vitamin D helps preserve close junctions, junctions of 
openings and junctions of adherents (e.g., by e-cadherin). 
Some articles addressed how viruses damage the integrity of 
the junction through virus contamination and other micro-
organisms. Vitamin D improves cellular innate immunity, 
in part by inducing 1,25-dihdroxyvitamin D and defensins 
into antimicrobial peptides, like human cathelicidin, LL-37. 
Cathelicidins exhibit strong antimicrobial activity against 
a variety of microbes including Gram-positive and Gram-
negative bacteria, enveloped and nonenveloped viruses, 
and fungi. Those host-derived peptides destroy the invading 
pathogens by destroying their cell membranes and neutralize 
the endotoxin's biological activity. Partially, vitamin D also 
improves cellular immunity by raising the innate immune 
system-induced cytokine storm. The innate immune system 
generates both proinflammatory and anti-inflammatory 
cytokines in response to viral and bacterial infections, as 
observed in COVID-19 patients.

Concentrations of serum 25(OH)D continue to 
decrease with age, which may be a possible reason behind 
COVID-19, because case-fatality levels increased with 
age.1 A cross-sectional study has reported significant crude 
relationship between vitamin D levels and the number 
COVID-19 cases, especially the mortality caused by the infec-
tion. Also, authors have reported that the ageing population is 
most vulnerable to COVID-19, and they are the ones who had 
the most deficit Vitamin D levels.18 Reasons for lower vita-
min D levels include less time spent in the sun, and reduced 
production of vitamin D due to lower levels of 7-dehydrocho-
lesterol in the skin. Additionally, certain prescription med-
ications by stimulating the pregnane-X receptor decrease 
serum 25(OH)D concentrations. These include antiepilep-
tics, antineoplastics, antibiotics, anti-inflammatory agents, 
antihypertensives, antiretrovirals, endocrine medicines, and 
certain herbal medicines. Pharmaceutical drug use typically 
increases with age.1

Supplementation with vitamin D also improves the 
expression of antioxidation-related genes (glutathione 
reductase and subunit controller glutamate—cysteine ligase). 
The increased production of glutathione spares the use of 
ascorbic acid (vitamin C), which has antimicrobial activ-
ities, and COVID-19 has been proposed for prevention and 
treatment.1 There are articles that have suggested that the 
use of vitamin D supplements can improve the clinical status 
and prognosis in COVID-19 patients.1,18,19

Vitamin D Deficiency and Chronic Illnesses
Chronic disease patients are at a higher risk of pandemic 
danger, because COVID-19 is best combated by a powerful 
immune system. But chronic diseases such as cardiovascu-
lar diseases, HIV, diabetes, kidney disease, etc. are immuno-
suppressive, making patients more vulnerable to infections 
with difficulties in management.20 A cross-sectional study 
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done on 520 participants to study the association between 
vitamin D deficiency and hypertension showed the higher 
prevalence of vitamin D deficiency in people with hyper-
tension than in people without hypertension.21 Similarly, a 
cross-sectional study done on 2953 patients of hyperten-
sion, among which 362 were having resistant hyperten-
sion found a statistically significant association between 
vitamin D deficiency and resistant hypertension.22 Another 
study conducted on type-2 diabetes mellitus patients 
showed positive association between vitamin D deficiency 
and type-2 diabetes patients.23 A retrospective study, 
demonstrated significant associations between small ves-
sel disease (SVD) and 25(OH)D deficiency. The authors also 
found combined presence of hypertension and vitamin D 
deficiency increased the probability of developing SVD.24 A 
cross-sectional study on 57 patients diagnosed with coro-
nary artery disease and 62 age- and sex-matched controls 
elucidated that low levels of 25 (OH) D are associated with 
prevalent coronary artery disease independent of cardio-
vascular risk factors.25 Previous studies have shown the 
link between vitamin D deficiency and chronic illnesses 
like diabetes, hypertension, cardiovascular disease, cancer, 
immune system diseases, etc. This may be one of the rea-
sons why people suffering from chronic illnesses are more 
vulnerable to COVID-19 infection.26-29

Related Ongoing Research
Many clinical trials are going on to explore the impact of vita-
min D on COVID-19 (►Table 1).

Conclusion
It seems possible that vitamin D supplementation (without 
overdosing) may contribute to reducing the seriousness of 
illness induced by COVID-19, particularly in settings where 
hypovitaminosis D is prevalent. This may become even more 
important with the lack of exposure to sunlight as a result of 
lockdown measures to track the spread of COVID-19. To enforce 
this effectively would require recommendations from govern-
ment around the world, and further clinical research is urgently 
required to explore potential impacts of vitamin D deficiency on 
COVID-19 outcomes.
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COVID-19

NCT04351490
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9. Vitamin D testing and treatment for COVID 19 NCT04407286
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Introduction To study the clinical features, diagnosis and treatment of mesenteric 
cysts in pediatric age group (< 15 years).
Materials and Methods This was a retrospective analysis which inculded 35 children 
diagnosed and treated for mesenteric cysts in the pediatric surgery department from 
January 2014 to January 2019. Patient’s data were retrieved from case sheets and ana-
lyzed. Patients with atleast one year follow-up were included in the study.
Results Thirty-five patients were included in the study. Twenty-one (60%) were 
males and fourteen (40%) were females. Mean age of presentation and surgery was 
24 months. Twenty-six (74.2%) patients were managed by bowel resection, while 
9 (25.7%) were managed by simple cystectomy. The average size of the cyst was 
15 cm (ranging from 5 to 25 cm). Content of cysts was mostly chylous (82.9% cases). 
No recurrence was found throughout the follow-up period (1–2 years).
Conclusion Mesenteric cyst should be considered as a differential diagnosis in pediatric 
patients with acute or subacute intestinal obstruction and with or without a palpable lump 
in the abdomen. Mesenteric cysts can be managed surgically with favorable outcomes.
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Introduction
Mesenteric cyst is a rare abdominal tumor. Incidence of this 
lesion in the pediatric age group has been reported as 1 in 
20,000 admissions.1They lack characteristic clinical features 
and radiological signs and thus encounter great diagnostic 
difficulties. The cyst may present as nonspecific abdominal 
features, acute abdomen, or an incidental finding. Abdominal 
pain is the major presenting symptom. Abdominal mass was 
reported to be present in more than 50% of cases and 40% of 
cases were discovered incidentally.1,2 Mesenteric cysts have 
been reported from the duodenum to the rectum and most 
of them are located in ileal mesentery.3-6

Objectives
To study the clinical features, diagnosis, complications, and 
treatment of mesenteric cysts in the pediatric age group 
(< 15 years).

Materials and Methods
This study represents a retrospective analysis of 35 children 
diagnosed and treated for mesenteric cysts in the pediatric 
surgery department from January 2014 to January 2019. 
Patient’s data were retrieved from case sheets and analyzed. 
Patients with atleast 1-year follow-up were included in the 
study. Ultrasonography and CT scan of abdomen were done 
for imaging purposes. Patients with atleast 1-year follow-up 
were included in the study. Patients of age more than 15 years 
and lost to follow-up were excluded. Clinical, radiological, 
peroperative, and histopathological findings were analyzed.

Results
Out of 35 patients, 21 (60%) were boys and 14 (40%) were 
girls, with male to female ratio of 1.5:1. The mean age at 
presentation was 24 months affecting newborns to twelve 
years of age. Twenty-two (62.8%) patients presented with 
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subacute intestinal obstruction, 9 (25.7%) patients with 
a palpable abdominal mass, and the rest (4–11.4%) were 
diagnosed intraoperatively when laparotomy was done for 
other acute abdominal conditions. Ultrasonography was 
done in 31 (88.5%) cases, while CT scan of abdomen was 
done in 23 (65.7%) patients (►Table 1). Most of the mes-
enteric cysts were ileal mesentery 27 (77.1%) (►Fig.  1),  
followed by five (14.3%) cases in jejunal mesentery,  
2 omental cysts (►Fig.  2), and 1 colonic cyst (►Fig.  3). 
Twenty-six (74.2%) patients were managed by bowel resec-
tion, while 9 (25.7%) were managed by simple cystectomy. 
Twenty-one (60%) cases of cyst were multiloculated, while 
14 (40%) cases were uninoculated. Mean size of cysts was 
15 cm (range from 5 to 25 cm) in largest diameter. Content 
of cysts was mostly chylous (82.9% cases), serous in 2 cases, 
and mixed in 4 cases (►Table 2). Histopathology showed 
lining of the cyst wall varied from flattened endothelial 
layer to a cuboidal/columnar layer and no malignant trans-
formations were seen. Three patients developed adhesive 
ileus within 3 months of follow-up in the postoperative 
period which were managed conservatively. Recurrence 
was not noted in follow-up of 2 years.

Discussion
Mesenteric cyst is defined as any cyst which arises from 
mesentery along the gastrointestinal tract from duodenum 
up to the rectum. The mesenteric cyst is a rare presenta-
tion and incidence is 1 in 105000 admissions to general 
hospital and 1 in 200000 admissions to pediatric hospital. 
One third of mesenteric cysts occur in children less than 
10 years of age.3-7

The mesenteric cyst was first reported by anatomist 
Beneviem in 1507. In 1842, Von Rokitansky was the first to 
describe a chylous mesenteric cyst. In 1880, French surgeon 
Tillaux carried out the first successful surgery. In 1883, the 
first marsupialization was done by Pean.8

The exact etiology of mesenteric cysts is not known. 
Various theories have been proposed such as failure of leaves 
of the mesentery to fuse, occult trauma, neoplasia, localized 
degeneration of lymph node, and obstruction and/or degen-
eration of exiting lymphatic channels.9

Published literatures describe the most common location 
of mesenteric cyst is small bowel mesentery. Ileal (60%) was 

Table 1  Patients details

Total patients = 35 Number Percentages

Sex Male 21 60%

Female 14 40%

Age at pres-
entation and 
surgery

< 1 year 5 14.2%

1 to 5 years 18 51.1%

> 5 years 12 34.2%

Clinical 
finding

Pain in abdo-
men only

22 62.8%

Abdomen mass 
with pain

9 25.7%

Indecently 4 11.4%

Imaging of 
abdomen

Ultrasound 31 88.5%

CT 23 65.7%

Presentation Acute 12 34.3%

Chronic 23 65.7%

Surgery Emergency 12 34.3%

Elective 23 65.7%

Cyst excision 9 25.7%

Cyst excision 
with resection 
and anastomo-
sis of bowel

26 74.2%

Fig. 1 A 5-year-old male patient with obstruction, ileal mesenteric 
cyst was found on laparotomy, resection of cyst with ileal segment 
and ileoileal anastomosis was done.

Fig. 2 Ultrasonography of a 3-year-old female with abdominal lump 
showing multiseptated large cyst, omental cyst was found on lapa-
rotomy, cystectomy with omentectomy was done.

Fig. 3 CT scan abdomen of a 6-month-old male patient with left 
ileac fossa mass showing colonic cyst; laparotomy with excision of 
cyst was done.
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the most common type, followed by mesocolon (24%–most 
common sigmoid mesocolon), retroperitoneum (15%), and 
isolated omental cysts (< 1%).10 Mesenteric cyst can be sin-
gle or multiple, unilocular or multilocular, and filled with 
content that can be serous (distal small bowel/colonic mes-
entery), chylous (proximal small bowel), hemorrhagic, or 
mixed.11,12 The lining of cyst can varied from flattened endo-
thelial layer to a cuboidal or columnar layer.13 Similar find-
ings were also observed in the study.

The classical presentation may varied from subacute 
intestinal obstruction combined with freely movable abdom-
inal mass to acute abdomen.3,6 The most common mode of 
presentation in children was small bowel obstruction, which 
were associated with volvulus and intestinal perforation.3,6,11

Ultrasonography (USG) of the abdomen have been pre-
ferred by many surgeons as investigation of choice.2,6 CT scan 
remains gold standard investigation as per may research 
papers for better anatomical orientation and identification of 
the adjacent organs.2,14 Although USG and/or CT scan of the 
abdomen is helpful in making the preoperative diagnosis of 
mesenteric cysts in a majority of the cases, it is not always 
possible and diagnosis is confirmed during surgical explora-
tion many a times.3,15

Management using surgical approach can involve simple 
drainage, resection either by laparotomy or minimal invasive 
approach. As a rule, drainage is not recommended because 
the cyst tends to reaccumulate, and marsupialization is not 
acceptable, because of the risk of infection and/or reoperation 
for persistently draining sinus.16 Full excision of the cyst with 
or without its mesenteric origin should be the aim of surgery, 
because recurrence is uncommon following total resection. 
Localized resection of the intestine with cyst does not sig-
nificantly alter morbidity.17 Minimal access techniques have 

been widely introduced in surgical practice. Laparoscopy 
provides visualization of the peritoneal cavity and retroperi-
toneal space and should prove to be the diagnostic procedure 
of choice in cases that remain unclear. Accurate anatomical, 
structural, and pathological assessment of the cyst can be 
made rapidly. In 1993, successful laparoscopic excision of 
mesenteric cysts was described by Mckenzie.18 Laparoscopic 
surgery made it possible to remove cysts without complica-
tions in select cases; the postoperative period can be more 
comfortable. However, in cases where cysts cannot be com-
pletely excised, the requirement of the second operation and 
incomplete excision in retroperitoneal cases are disadvan-
tages of laparoscopic surgery.18-20

In our study, there were no deaths, and no patient  
complained of recurrence in follow-up. Prognosis following  
complete surgical excision of the mesenteric cyst is excellent, 
although recurrence has been reported and is more in the 
cases where the complete excision of the mesenteric cysts 
was not possible.1-5

Conclusion
Mesenteric cysts should be considered as a differential diag-
nosis in pediatric patients with acute abdomen and with or 
without a palpable lump in the abdomen. Mesenteric cysts 
are managed surgically (excision of cyst along with adjacent 
bowel usually) with favorable outcomes either with open or 
laparoscopy; recurrence not reported with complete excision 
of the cyst.
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Objective The aim of this study was to gather the opinion of medical practitioners 
in India regarding the modifications in the recently released MCI (Medical Council of 
India) circular for faculty promotion criteria across medical colleges in the country and 
their suggestions for further changes.
Materials and Methods An 11-set validated online questionnaire was circulated 
among medical practitioners across various medical colleges in the country, open for a 
period of 8 days between 5 to 12 June, 2020. The participants in this online survey were 
asked to rank the order of authors and types of manuscripts on a scale of 0 to 1 with 
increments of 0.1 and were also asked for an opinion regarding indexing, inclusion of 
impact factor of the journal, and citation indices.
Results There were 182 respondents included in the survey, belonging to 12 different 
states. Majority of the doctors participating in the survey were professors (37.3%, 
68/182). About 81.3% (148/182) doctors were aware of the latest MCI guidelines. 
Opinion for adding citations to the promotion criteria was expressed by 59.3% 
(108/182). There was a general suggestion to include number of citations, and Google 
Scholar as citation service. A scoring table was proposed based on the responses, to 
rank various publications.
Conclusion As per the survey, more than 80% of the medical practitioners were aware 
of the recent update by MCI for faculty promotion. The participants expressed that the 
exiting guidelines may be further modified by the inclusion of all authors and all types 
of manuscripts into the criteria, based on a graded score system.
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Introduction

The Medical Council of India (MCI) is the supreme author-
ity for framing laws and regulations for the education sys-
tem in medical colleges across the whole country.1 It has 

recommended minimum qualifications mandatory for 
appointment and promotion of faculty in teaching posi-
tions. The two main criteria for promotion are the duration 
of service and the number of publications. The “Minimum 
Qualifications for Teachers in Medical Institutions 
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Regulations, 1998” came out with the criteria of publica-
tions for the first time in 2009. Since then, it has undergone 
amendments from time to time (►Table  1) intending to 
encourage clinical research and maintain uniform standards 
of medical faculty throughout the country.2-6 However, many 
medical professionals have voiced their opinions about the 
confusion surrounding the evolving guidelines.7-13 Concerns 
have been raised regarding credit given to only the first and 
corresponding author, the inclusion of only original research 
papers, exclusion of publications in “e-journals,” lack of 
clarity in the list of indexing databases, and unnecessary 
categorization of journals as national or international.

The latest MCI amendment, through Gazette Notification 
No. MCI-12(2)/ 2019-Med.Misc./189334 on February 12, 
2020,2 has addressed some of the previously raised concerns, 
but certain manuscript types and author positions continue 
to be excluded from the promotion criteria. We conducted a 
short survey to gather the opinion of the doctors regarding 
the changes in the latest MCI amendment and offer a few 
suggestions to the existing faculty promotion criteria.

Materials and Methods
We created an 11-set online questionnaire (►Table 2) based 
on the current publication criteria for medical staff promotion 
on Google forms. The questionnaire was internally validated 
by circulating among 20 medical practitioners belonging to 

different specialties and incorporating modifications based 
on their inputs, before the actual survey. A sample size of min-
imum 100 participants was calculated. The validated Google 
forms were then circulated to ~1,000 medical practitioners in 
the country for a period of 8 days (June 5 to June 12, 2020). 
There were some questions to determine the demographics 
of the participants, medial qualifications, specialty, and city 
of work. The target population included postgraduate train-
ees to professors in institutions belonging to all specialties 
to introduce heterogeneity in the participants. The survey 
was entirely electronic, anonymous, and participation was 
voluntary. Consent was obtained from each participant. The 
respondents were asked to rank author positions and manu-
script types numerically, on a scale of 0 to 1 with increments 
of 0.1; 1 being the score for best publication. They were also 
asked for an opinion regarding the inclusion of nonindexed 
journals, impact factor of the journal, number of citations, 
and Google Scholar as citation index service.

Results
There were 184 participants belonging to 12 different states, 
out of which 2 were excluded as their consent could not be 
obtained. Majority of the doctors participating in the survey 
were professors (37.3%, 68/182), followed by assistant profes-
sors (23.6%, 43), senior residents (9.8%, 18), associate profes-
sors (10.9%, 20), non-medical college doctors (8.8%, 16), and 

Table 1  MCI amendments regarding faculty promotion over the years

Year of 
amendment 
notification

2009 2010 2015 2017 2019 (circular dated 
February 2020)

Circular date No.MCI-12(2) / 
2009
-Med. Misc. / 
56925

No.MCI-
12(2)/2010-Med.
Misc. /33038

No.MCI-12(1)/2015-
TEQ/ 131880

No.MCI-
12(1)/2017-Med.
Misc./115698

No.MCI-12(2)/2019-
Med.Misc./189334

Number of publica-
tions (assistant to 
associate professor)

At least two At least two At least two At least two At least one

Manuscript type Original research 
paper

Original research 
paper

Original research 
articles
Original research 
papers

Original research 
articles
Original research 
papers

Original articles
Systematic reviews
Meta-analysis
Case series

Authorship First author First author, second 
author

First author, second 
author

First author, 
corresponding 
author

First three authors or the 
corresponding author

Nationality of 
journal

Journals by 
the National 
Associations/ 
Societies

National journal 
accepted/published

National/international 
journal

National/interna-
tional journal

Removed both words

Indexing agencies Choice of index-
ing services not 
specified

Choice of indexing 
services not 
specified

Scopus
PubMed
Medline
Embase
Excerpta
Medica
Index medicus
Index Copernicus

Scopus
PubMed
Medline
Embase
Excerpta
Medica
Index medicus
Index Copernicus

Directory of Open access 
journals (DoAJ)
PubMed Central
Citation index
Sciences citation index
Expanded Embase
Medline
Scopus

E-journals Not included Excluded Excluded Excluded DOAJ included

Abbreviation: MCI, Medical Council of India.
Note: Changes in the new amendment are highlighted in Italic.
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postgraduate trainees (9.3%, 17). A small population of doctors 
(18.6%, 34/182) admitted to not being aware of the latest MCI 
guidelines. The single largest group of respondents belonged 
to radiology (25.8%, 47). Out of 182 doctors, 170 doctors were 
in favor of a scoring system for publications. Majority (59.3%, 
108) felt that the number of citations should be added to the 
promotion criteria and Google Scholar can be included as a 
citation index service. Majority (93.9%, 171) was in favor of 
giving some weightage to nonindexed journals.

Discussion
The survey results reflect the current knowledge and sug-
gestions for improvement. It is good to know that nearly 
81% of the candidates were aware of the recent MCI amend-
ment. The currently selected types of manuscripts like orig-
inal articles are rated high by the participants, scores being 
closer to 1. Majority of the participants (93.4%, 170/182) 
expressed that all types of manuscripts should be recognized 

Table 2  Survey questionnaire

No. Survey questions Options

1 My academic position Postgraduate 
trainee

Senior 
resident

Assistant 
professor

Associate 
professor

Professor Doctor (not in a medical 
college

2 My specialty

3 My city of work

4 I am aware of recent 
update from MCI (Feb 
2020) regarding the 
publication criteria for 
faculty promotion

Yes/no

5 I am in favor of inclu-
sion of scoring system 
in promotion criteria

Yes/no

6 My score for each 
author position

First author 0 (least) / 0.1 / 0.2 / 0.3 / 0.4 / 0.5 / 0.6 / 0.7 / 0.8 / 0.9/ 1.0 (best)

Second author

Third author

Corresponding author

Other authors

7 My score for each 
type of manuscript

Original article 0 (least) / 0.1 / 0.2 / 0.3 / 0.4 / 0.5 / 0.6 / 0.7 / 0.8 / 0.9/ 1.0 (best)

Systematic review

Meta-analysis

Case series

Pictorial essay

Case report

Short communication

Letter to editor

Editorials

Book chapter

8 If weightage for a 
publication in MCI 
indexed journal is 1, 
my score for publica-
tion in nonindexed 
journals

0 (least) / 0.1 / 0.2 / 0.3 / 0.4 / 0.5 / 0.6 / 0.7 / 0.8 / 0.9/ 1.0 (best)

9 Should number of 
citations be included 
in promotion criteria

Yes/no

10 Should Google 
Scholar be included as 
citation index service

Yes/no

11 Comments
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with appropriate weightage. A second striking observation 
was regarding the position of the authors. The participants 
wanted the best recognition for first and corresponding 
authors, with lesser weightage for authors in other positions. 
We reviewed the relevant literature under the following 
headings:

Current Practice in Indian Medical Colleges
All the MCI recognized medical colleges across the country 
mandatorily follow the minimum guidelines for faculty pro-
motion laid down by the MCI. These guidelines are applica-
ble for postgraduate teachers with qualifications including 
MD, MS, DNB, DM, and MCh. There may be internal vari-
ations in the practices in autonomous institutes such as 
the addition of average citation index and Journal Impact 
factor to the promotion criteria recommended by the Sneh 
Bhargava-Committee14 currently not a part of MCI guide-
lines, but the overall criteria cannot be lower than the min-
imum guidelines already set by the MCI.

Modifications in MCI Amendment 2019

1. Number of publications

The latest amendment has reduced the requirement of num-
ber of publications for the post of assistant to associate profes-
sor from two to a single research paper. Associate professors 
will require three (at least two as associate professor) instead 
of four publications for promotion to the post of professor.

2. Indexing agencies

For a publication to be counted toward promotion, MCI man-
dates that the article should be in indexed journals, but there 
was ambiguity in the list of recognized indexes in the pre-
vious amendments. For example, the first list of indexes in 
the 2015 issue omitted certain reputed indexes, duplicated 
the names of the same type of database (Medline and Index 
Medicus), and enlisted search engines like PubMed.7 In the 
latest (2019) amendment, the updated list of acceptable 
indexing agencies includes PubMed Central, Science Citation 
Index, Embase/Excerpta Medica, Scopus, and IndMED.2 This 
is a welcome move.

Clearly, the aim is to encourage publications in recognized 
databases that are reputed to have quality journals and limit 
predatory publishing.15,16

3. Type of articles

In the 2017 guidelines, original research papers were the only 
type of publication eligible for faculty promotion. Perhaps, 
the idea behind it is that “original research articles” are the 
best type of publication and an ideal parameter to judge the 
research output.

MCI has now included meta-analysis, systematic reviews, 
and case series in the list. However, we note that multiple 
other types of publications such as review articles, guide-
lines, pictorial essays, opinions, case reports, brief reports, 
and letters to the editor continue to be ignored and not 
included. Book chapters are also not considered. These types 

of publications are more in number, sometimes have a higher 
number of citations, are a valuable contributor to the knowl-
edge pool, and serve as motivation for publications.17 Not giv-
ing importance to them discourages the aspiring authors to 
share their learning and experiences.

In the Indian scenario, due to the multiple challenges, it may 
not be possible for medical faculty in all specialties to gener-
ate multiple best quality or “ideal” publications such as original 
articles in indexed journals. One such challenge is where there 
are very few journals covering a specialty. Another is that each 
journal accepts a limited number of different categories of man-
uscripts. Case reports, pictorial essays, and brief reports may be 
the way for authors to share the knowledge from rare cases that 
may not be in a sufficient number to create an original article, 
especially in smaller or peripheral institutions or from a sin-
gle institution. Letters to the editor constitute an extremely 
important segment for sharing of ideas and raising pertinent 
points to a recent manuscript and would be especially useful 
for authors from smaller setups to share their novel experiences 
about a standard approach/treatment regimen.

4. Position in authorship sequence

The 2017 amendment gives credit to only the first and cor-
responding author. The idea is perhaps to avoid gift author-
ships to the other authors because generally the majority of 
the work is done by the initial authors.18,19 This rule has been 
relaxed in the latest circular and the author must now be 
among the first three or should be the corresponding author.

We appreciate this step as it encourages contribution by 
multiple authors, promotes healthy interdisciplinary collab-
oration that should ultimately help bring out good quality 
work. However, the contributions of the rest of the authors 
lower down on the list continue to get neglected. Often, the 
senior teachers who mentor and supervise the work of junior 
doctors put themselves at the end of the list, so it is unfair to 
assume that the authors lower down the order did not con-
tribute. In fact, the last author is increasingly being credited 
as being the guarantor of a study19,20

5. Inclusion of electronic journals

None of the previous guidelines considered the publications 
in e-journals for academic promotion. Unfortunately, this 
excluded many high-quality popular indexed journals with 
impact factor that are only available online. Some journals 
are purely in electronic format or have different content in 
the hard and electronic copy formats.7,21

The publishing trend is switching from hard copy to the 
electronic format due to cost factor, space, and ease of access. 
Hard copies may not be always available for the readers in 
libraries in all institutions. A majority of learning now hap-
pens online on personal gadgets; visits to the library and bor-
rowing journals are passé. Sometimes issues regarding the 
printing of hard copies may arise; for instance, the coronavi-
rus disease scenario has put the publishing of print issues on 
hold and the new publications are increasingly being made 
available as soft copies.22 Most of the electronic journals have 
the option of displaying the manuscript online ahead of the 
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issue with an assigned digital object identifier (DOI), which 
enables quick dissemination of knowledge. DOI even enables 
further citations even before publication date.

MCI has now included publications in the directory of 
open access journals (DOAJ) along with other databases. DOAJ 
is a freely available, digital online directory that indexes and 
provides access to high quality, open access, peer-reviewed 
journals.23 This allows a much wider range of journals for the 
faculty to choose from, for publishing their work.

6. Removal of “specialty,” “national,” and “international” 
journals

The 2017 amendment included “national” or “international” 
journals in the eligibility criteria. Several articles pointed 
out that since indexing had already been included as a cri-
terion, separate mention of these terms did not have any 
added value.6 The 2019 guidelines have made note of this 
and have only given importance to indexed journals regard-
less of nationality. The criteria for “specialty” journals have 
also been removed, which will encourage multidisciplinary 
and multicenter collaboration for research.

7. Noninclusion of other pillars of education: service and 
teaching

MCI amendments give importance to publications (number and 
type) for assessing medical faculty for promotion. However, it 
discounts achievements and prowess in clinical or laboratory/
imaging services and teaching, which are the core responsibil-
ities of medical faculty. The pressure to give disproportionate 
importance to research output for assessment and not giving 
due consideration to other aspects of their duty negatively 
affects the purpose of teaching and service. It results in a desper-
ate need for publications for promotions, leading to poor quality 
publications in “predatory journals.” It also creates stress and 
leads to below standard research. A good teacher could poten-
tially be considered “inferior” to a colleague with a higher num-
ber of publications and thus promoted to a higher designation.

8. Two years’ transitory period

The time interval between amendment notification and the 
faculty appointment or promotion of two years is apprecia-
ble, as it allows the new guidelines prospectively applicable 
to the new promotions and there is no threat to the positions 
of the teachers, whose promotions were as per the old guide-
lines. The already existing publications or those accepted for 
publication before the notification will also not be affected.

Our Suggestions 

1. Scope for a scoring system (►Table 3)

The criteria for promotions should include the quality of pub-
lications and not just their quantity. The DCI (Dental Council 
of India), a parallel medical education system, already has a 
point system in place regarding the types of publications for 
academic promotions.24 Why not take a cue from it and adopt 
a similar system as an objective method to quantify research 
productivity?

We propose a scoring template to rank the quality of pub-
lications based on both participants’ scores and input from 
the authors (►Table  4). For example, although the survey 
results suggest an average score of 0.5 to case reports making 
two case reports cumulatively equivalent to an original arti-
cle, the authors suggest a lower score of 0.2 per case report. 
We also propose that in the place of currently accepted “one 
publication,” “one score” can be used as criteria for promo-
tion. The ideal scoring should be inclusive, reasonably sim-
ple, support the career growth of the faculty, and encourage 
publications.

Any publication in a recognized index has value and should 
be acknowledged, as having some publication is better than 
none. A maximum score of 1 can be given to original research, 
meta-analysis, and systematic reviews in indexed journals as 
these are the ideal publications one should aim for. A minimum 
score of 0.1 would represent a publication of low academic 
value, with no additional information, perhaps in a nonin-
dexed journal. Textbook chapters should also be given some 
weightage, as medical students often rely upon textbooks 
more than research articles as their preferred reading source 
for basic and comprehensive learning of the subject. Multiple 
publications of a lesser score in different formats can then be 
given a cumulative score together, to make them equivalent 
to one “ideal” publication. This will reflect the efforts of the 
author and also show the continuous academic activity of the 
author in terms of publications.

Similarly, all authorship should be acknowledged and 
points can be given based on the contribution and serial 
order in author sequence. A maximum score can be awarded 
to the first and corresponding authors and lesser scores to 
the remaining authors. This can address the uncertainty in 
the authorship criteria persisting over the years, prevent the 

Table 3  Suggestions for publication criteria for medical 
promotions

Proposed modifications

1. Objective criteria: Inclusion 
of scoring system

Appropriate weightage to:

I. All types manuscripts

II. All authors

III. Indexed as well as 
non-indexed journals

IV. Impact factor of the 
journal

V. Specialty journals

2. Weightage to total number of citations for each author 
and each paper: Inclusion of citation indices and Indexing 
service such as Google Scholar

3. Introduction of minimum publication guidelines with inter-
national equivalence

4. Common minimum publication guidelines for faculty pro-
motion in university accepted fellowship programs

5. Inclusion of criteria to assess the quality of a medical 
teacher with regard to service and teaching
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pressure of gift authorship, and encourage multidisciplinary 
and multi-institutional research.

Some journals allow dual or joint first authorship.25 There 
is no mention in the existing MCI guidelines regarding recog-
nition or weightage for joint first co-authors. We feel that an 
equal weightage can be given to joint first authors, preferably 
for original articles of multidisciplinary nature. We assume 
that an equal contribution by authors would have been justi-
fied and subsequently approved by the editorial committee. 
Hopefully, this should not be considered as an opportunity 
to achieve a higher number of authors than what MCI is cur-
rently accepting for promotion.

Nonindexed journals, journals with low impact factor (of 
less than one), and non-specialty journals though of lesser 
quality, can be incorporated into the scoring system and 
given a minimum score.

It is interesting to note that 12/182 (6.5%) of partici-
pants have suggested a zero score (nil weightage) for pub-
lications. One cannot be sure of their reasoning, but these 
teachers are likely of the opinion that there is currently 
undue importance given to publications for promotions.

2. Journal impact factor score

Impact factor does not feature in any of the MCI amendments, 
though it is recognized worldwide as an objective criterion 
to assess the quality of different journals based on citation 
data. A value of more than one is considered as an interna-
tionally competent and influential journal, irrespective of the 
country or index of publication.26-28 We suggest that this can 
also be incorporated into the scoring system and publications 
be given appropriate points based on the numerical value of 
impact factor of a journal.

3. Inclusion of citation indices and Google Scholar as a 
Citation Indexing Service

Impact factor measures the overall quality of a journal, but not 
the scientific impact of an individual article or author. These 
can be assessed by the total number of citations (from all pub-
lished material) and citation indices such as h-factor and i10 
index.29 Google Scholar is a freely-accessible online indexing 
service that includes scientific journals as well as nonjournal 
sources such as books, dissertations, and conference papers 
in its database. It can determine the total number of citations 

Table 4  The proposed weightage-based scoring system (1= best score)

Type of manuscript Author position Specialty Index Journal impact 
factor

Recommended score

a. Original articles
b. Systematic reviews
c. Meta-analysis
d. Case series

First/corresponding Same MCI recognized 
index

More than one 1

a. Original articles
b. Systematic reviews
c. Meta-analysis
d. Case series
e. Book chapters

Second or third 
author

Same MCI recognized 
index

More than one 0.8

a. Pictorial essays
b. Case reports
c. Technical reports
d. Book chapters

First/corresponding Same MCI recognized 
index

Less than one 0.5

a. Case report
b. Letter to the Editor
c. Short communication

First/corresponding Other 
specialty

MCI recognized 
index

Less than one 0.3

a. Original articles
b. Systematic reviews
c. Meta-analysis
d. Case series
e. Case report
f. Letter to the Editor

g. Short communication

Rest of the authors 
(other than first or 
corresponding)

Other 
specialty

MCI recognized 
index

Any 0.2

Any Any author Any Nonindexed Any 0.1

Abbreviation: MCI, Medical Council of India.
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and rank them for each author (quantity) and each paper 
(quality).30 The number of times a publication or an author 
has been cited per year using Google Scholar can be taken into 
consideration for the assessment of faculty promotion.

4. Criteria for further grading within a category of faculty

The present guidelines address the publication criteria only at 
two senior levels: associate professor and professor. In some 
institutions, the associate professor is promoted to an inter-
mediate position of “additional professor” before becoming a 
professor based on the years of experience.31 We feel that cer-
tain publication criteria can be introduced at this level as well.

5. International and universal

There is a wide diversity in the guidelines for faculty pro-
motion in foreign universities, based on the information 
available on some of their web sites. Many institutes give 
due consideration to research activities, teaching as well as 
clinical skills and not just the number of publications. Some 
give equal weightage to all authors irrespective of their 
sequence in peer-reviewed papers, case reports, letters to 
the editor, syllabus materials, commentaries, review arti-
cles, book chapters, videos, and letters to the editor.32,33,34 
In some institutes, faculty is appointed separately in either 
research or teaching and there is no requirement for formal 
teaching or clinical care in the research line.

It may not be possible for us to have universally appli-
cable guidelines, but at least it would be great if “common 
minimum” guidelines be achieved, so that the qualifications 
of our teachers in terms of research can be aligned with the 
accepted standards for the similar job positions overseas.

6. Assessment criteria for service and teaching

We believe that the other important facets of a physician–
teacher—service, teaching, and mentoring, which have not 
been taken into consideration for promotion (along with 
years of experience), should definitely be seriously consid-
ered. These may include teaching skills, examination duties, 
fellowships, service record, and other academic achievements 
such as awards, patents, collaborations with projects, grants 
brought to the institution, orations, guest lectures, orga-
nizing conferences, the performance of students, and their 
feedback. Mentoring postgraduate students for dissertations, 
reviewing manuscripts, and working as an editor should also 
be considered as a part of research activities. We can adopt 
criteria similar to the already existing academic performance 
indicators scores devised by the UGC for other fraternities.35

7. Common minimum guidelines for faculty in other streams 
of higher medical education

The new MCI guidelines apply to teachers in institutes with 
DNB and DM/M.Ch. super specialty courses as well. We need 
clarity regarding how exactly to translate academic posi-
tions between these two streams. Apart from them, there are 
institutes with only university accepted fellowship programs, 
without undergraduate or postgraduate courses. The faculty 

of such institutes also contributes to the pool of medical 
teachers and should have a defined publication criterion.

Limitations
The study was conducted online through closed social 
media groups. The participants had self-declared to be 
medical college faculty. The scoring system we have pro-
posed may appear elaborate and perhaps add to the com-
plexity of the promotion criteria. Selection bias may have 
been introduced in the study as a small number of medical 
professionals have responded. Majority of the participants 
were radiologists as the investigators are from the same 
specialty. A small percentage of the participants were not 
aware of the recent MCI guidelines and hence it is possible 
that their inputs would have been different if they knew the 
guidelines.

Conclusion
Publications reflect the efforts of the authors and having 
some publication is better than none. The survey results 
supported that the publication criteria should not be “all or 
none” and need to be modified at regular intervals to facili-
tate appropriate weightage for the types of manuscript and 
author positions.

While appreciating the relaxations introduced in the lat-
est amendment, we hope that our proposition of a scoring 
system to give due credit to all types of manuscripts and 
all authors will be given a thought. These steps will further 
motivate our teachers to participate in quality research and 
share their learning experience and creativity, without the 
desperate need of indulging in unethical research practices 
for the sake of promotion.

Key Message
Publications should be judged based on their quality not 
quantity. A scoring system can be followed to give appro-
priate weightage to different types of manuscript and 
author positions for faculty promotion in our medical 
institutes.
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Objectives This study was undertaken to investigate and review the age, sex, clin-
ical presentation, surgical procedures done, major postoperative complications, and 
the final outcome of infants and children operated for intussusceptions secondary to 
pathological lead points (PLPs).
Materials and Methods This is a single-institution, retrospective study and included 
infants and children below the age of 12 years who were operated for the second-
ary intussusceptions. 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 During the study period, 200 infants and children were operated for the 
intussusceptions, and 23 (11.5%) of them were operated for the intussusceptions sec-
ondary to PLPs. This review comprised 18 (78.26%) boys and 5 (21.73%) girls, and con-
sisted of infants (n = 9, 39.13%) and children of 1 to 5 years of age (n = 7, 30.43%) and 
6 to 12 years of age (n = 7, 30.43%). The age at presentation ranged from 3 months 
to 10 years, with the mean age of 41.47 ± 40.06 months. Clinically, all the children 
presented with features of acute intestinal obstruction. Ultrasonography (USG) exam-
ination of the abdomen revealed the diagnosis of intussusception in all of them but not 
able to document the PLPs as a cause for it. During the exploratory laparotomies, gan-
grenous bowel was detected in 15 (65.21%) cases. PLPs causing intussusceptions were 
Meckel’s diverticulum (n = 17, 73.91%), begin ileal growth (n = 4, 17.39%), benign 
ileal polyp (n = 1, 4.34%), and caecal lymphoma (n = 1, 4.34%). Surgical procedures 
were executed in the following order of frequency: (1) resection of segment of ileum 
including PLP, and ileoileal anastomosis (n = 13, 56.52%); (2) resection of segment of 
ileum including PLP, caecum and part of ascending colon, and ileoascending anasto-
mosis (n = 5, 21.73%); (3) Meckel’s diverticulectomy (n = 3, 13.04%); and (4) resection 
of segment of ileum including PLP and terminal ileostomy (n = 2, 8.69%). This study 
documented two (8.69%) deaths in postoperative period.
Conclusion Meckel’s’ diverticulum was the commonest pathology for the second-
ary intussusceptions in infants and children and documented most frequently during 
infancy. Half of the secondary intussusceptions occurred within 24 months of age. 
Bowel resection was required in more than 85% of the cases during the surgical 
procedures.

Abstract

Keywords
 ► children
 ► infants
 ► intestinal obstruction
 ► intussusception
 ► Meckel’s diverticulum
 ► pathological lead 
points
 ► secondary 
intussusception

DOI https://doi.org/ 
10.1055/s-0040-1722536 
ISSN 0379-038X.

© 2021. 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

Ann Natl Acad Med Sci (India):2021;57:53–57

Original Article

Published online: 2021-02-08



54

Annals of the National Academy of Medical Sciences (India) Vol. 57 No. 1/2021 ©2021. National Academy of Medical Sciences (India).

Secondary Intussusception in Infants and Children Ghritlaharey

Introduction
The word intussusception is derived from the Latin 
words “intus” (within) and “suscipere” (to receive). 
Intussusception is the invagination of one part of the 
intestine into another.1 Intussusception remains a most 
frequent cause of acute bowel obstruction in infants and 
young children.1,2 In developing countries, management of 
intussusception in children is associated with significantly 
higher morbidity and mortality.3-5 Approximately 95% of 
the intussusceptions in children are idiopathic in nature, 
where there is no identifiable cause for it.1-4 Secondary 
intussusceptions are caused by identifiable cause/patho-
logical lead points (PLPs) and reported to occur in up 
to 20% of the cases, and more likely to occur in older 
children.1,2,4,6-8 Present review consists of 23 infants and 
children below the age of 12 years who were operated for 
the intussusceptions secondary to PLPs.

Materials and Methods
This is a single-institution, retrospective study and included 
infants and children under the age of 12 years and who 
were operated for the intussusceptions secondary to PLPs. 
This study was conducted at the author’s Department of 
Paediatric Surgery during the last 20 years; from January 1, 
2000 to December 31, 2019. Medical records of all the infants 
and children (n = 23) were reviewed for their age, sex, clini-
cal presentation, surgical procedures executed, postoperative 
major complications, and the final outcome.

Results
During the study period, 23 infants and children below the 
age of 12 years were operated for intussusceptions second-
ary to PLPs. Demographic details of these 23 infants and 
children are provided in ►Table 1. The age at presentation 
ranged from 3 months to 10 years, with the mean age of 
41.47 ± 40.06 months. Clinically, all of them presented 
with the features of acute intestinal obstruction. Per-
abdominal examination also supported the diagnosis of 
intestinal obstruction in all of them. Plain skiagram of the 
abdomen was ordered in all and was suggestive of intes-
tinal obstruction. Ultrasonography (USG) examination of 
the abdomen revealed the diagnosis of intussusception in 
all of them but not documented the PLPs as a cause for it. 
During the exploratory laparotomy, due to the late presen-
tation, gangrenous bowel was detected in 15 (65.2%) of the 
cases. PLPs causing intussusceptions in infants and children 
are provided in the ►Fig. 1. Surgical procedures executed 
for above-mentioned infants and children are detailed in 
the ►Fig.  2. Postoperatively, major complications were 
observed in three (13.04%), two of the infants documented 
anastomotic leak and another child developed septicemia. 
Two of the infants who had anastomotic leak needed reex-
ploration for the repair of the anastomotic leakage. Third 
child developed septicemia, and he was treated with anti-
biotics and other supportive measures. Follow-up period 
ranged from 3 months to 1 year. A child who had caecal 

growth, his histopathology report was caecal lymphoma, 
and was referred to further management to medical oncol-
ogist, and he was lost to follow-up. This study documented 
two (8.69%) deaths following the surgical management of 
intussusceptions caused by PLPs in infants and children.

Discussion
Intussusception is one of the most frequent causes of 
acute bowel obstruction in infants and young children, 
but it can also affect older children and adolescents.1-5,8,9 
Approximately 95% of the intussusceptions in infants and 
children are idiopathic in nature where there is no iden-
tifiable cause for it.1,2,4 Secondary intussusception results 
when there is an identifiable cause for it, and reported 
to occur in 0.3 to 20% of the cases in infants and young 
children.1,2,4,6,10 PLPs causing intussusceptions are more 
likely to be reported in older children.6,8 Intussusception 
is also occurring in adults but as a rare clinical entity.11-13 
Contrary to the childhood intussusceptions, adult intus-
susceptions are mostly due to the secondary pathological 
conditions, and PLPs are reported to occur in up to 90% of 
the cases.11,13

Two hundred infants and children were operated for 
the intussusceptions during the study period, and the 
above-mentioned 23 (11.5%) infants and children were 
intussusceptions secondary to the PLPs. Thirteen (56.52%) 
of them were below the age of 2 years at the time of pre-
sentation, and nine (39.13%) were infants. Present study 
documented male preponderance with male-to-female 
ratio of 3.6:1. All the 23 infants and children with intus-
susceptions secondary to PLPs presented with the features 
of an acute intestinal obstruction, although two of them 
also had previous history of off and on abdominal pain 
for past 6 months. The classic triads (vomiting, abdominal 
pain, and passage of blood through rectum) and further 
the classic four symptoms (abdominal pain and vomit-
ing) and signs (abdominal mass and rectal bleeding) were 
present in all of the intussusceptions secondary to PLPs 
patients. Abdominal examination of above-mentioned 
cases also documented features of intestinal obstruction. 
All of the infants and children with secondary intussus-
ceptions were investigated with routine hematological 
investigations. Radiological investigations ordered were 
standing skiagram and USG examinations of the abdomen. 
Standing skiagram of the abdomen revealed multiple air 
fluid levels and was suggestive of intestinal obstruction 
in all of them. USG examination of the abdomen reported 
as dilated bowel loops, features of bowel obstruction, and 
intussusception as a cause for bowel obstruction in all the 
cases. It was possible to document the diagnosis of intus-
susceptions during abdominal sonography in all the cases, 
but PLPs were not documented in any of the above cases. 
USG examination of the abdomen is a well-established 
diagnostic tool for the diagnosis of intussusception in 
children.14,15 It is also possible to detect and demonstrate 
the PLP shadows during abdominal sonography in many of 
the secondary intussusceptions in children.16
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In present report, Meckel’s diverticulum was the com-
monest pathology and was observed in 17 (73.91%) cases, 
followed by benign ileal growth (n = 4, 17.39%), benign ileal 
polyp (n = 1, 4.34%), and caecal lymphoma (n = 1, 4.34%). In 
general, the pathologies/PLPs causing secondary intussus-
ceptions in children are either intraluminal or intramural 
or extrinsic pathologies. Meckel’s diverticulum is a leading 
cause for secondary intussusception and reported to occur 
in 20 to 50% of the cases.1,2,4,6,7,10,17 Other pathologies causing 
secondary intussusception in children are ileal polyp, dupli-
cation of ileum, benign, Peutz–Jeghers syndrome, malignant 
tumors, and appediceal stump.1,2,4,6,7,14,15

The initial management for the intussusception in chil-
dren is hydrostatic/pneumatic reduction with added advan-
tage of nonoperative nature with shorter hospital stay. 
Absolute contraindications for the institution of above non-
operative therapy are presence of bowel ischemia/gangrene, 
bowel perforation, and peritonitis. The success of pneumatic/
hydrostatic reduction is directly related to the early diagnosis 
of intussusceptions and institution of above therapy.18-20

Surgical therapy is required for the cases that failed to 
nonoperative therapy, had bowel gangrene, bowel perfora-
tion and peritonitis, neonatal intussusception, and cases 
with a prior diagnosis of PLPs for intussusception.18,19 
Das et al retrospectively reviewed 1,588 intussusception 
cases from 19 Indian hospitals among children between 2 

and 23 months of age, and they documented that nonoper-
ative reduction was successfully done in 50.8% of the cases 
and surgical therapy was required in 41% of the cases.21

In general, intussusceptions secondary to PLPs require 
surgical therapy.4,6-8,14,22-24 In present report, all the infants 
and children were subjected to exploratory laparotomy after 
adequate resuscitation. Gangrenous bowel was documented 
during exploratory in 15 (65.21%) of the cases. Bowel resec-
tion was required in more than four-fifths (n = 20, 86.95%) of 
the cases. Although Meckel’s’ diverticulum was the pathol-
ogy for the secondary intussusceptions in 17 of the cases, 
but the Meckel’s diverticulectomy was possible only in three 
of the cases, due to the presence of bowel gangrene. Major 
complications were observed in three of the cases in postop-
erative period. Two of the infants developed anastomotic leak 
and required reexploration for the repair of the same, and 
another child developed septicemia.

There is steady decline in the mortality relating to the 
management of the intussusceptions in children. It was 59% 
during the year 1922, 27% in 1947, which is now declined 
to less than 1% in developed countries.2,25 In developing 
countries, management of intussusceptions in children is 
still associated with significantly high morbidity and mor-
tality. This morbidity and mortalities are directly related 
to the delayed diagnosis, presence of bowel gangrene, and 
the need for major bowel resections during the surgical 
therapy.3-5,25 In a systematic review relating to the global 
epidemiology of intussusception in children under the age 
of 5 years revealed that in Africa, many of the children pre-
sented late, had advanced stage of illness, more number 
of children required surgical therapy, and also associated 
with higher mortality as compared to the other parts of the 
world.25 Two (8.69%) deaths documented following the sur-
gical management of intussusceptions secondary to PLPs in 
infants and children in present report. Deaths were contrib-
uted by delayed presentation, presence of bowel gangrene, 
requirement of bowel resection during surgical proce-
dures, and postoperative complications as anastomotic leak 
required reexploration in one and septicemia in another 
children.

Conclusion
Meckel’s diverticulum was the commonest pathology for 
secondary intussusceptions in infants and children, and 
it was documented in approximately three-fourths of the 
cases. Among nine infants, included in this study, eight 
of them documented Meckel’s diverticulum as pathology 
for secondary intussusceptions. This review documented 
male preponderance. Half of the cases of secondary intus-
susceptions occurred within 24 months of the age. During 
surgical procedures, bowel resection was required in 85% 
of the cases, and the requirement of the bowel resection 
was due to the presence of gangrenous bowel in 65% of 
the cases.
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Fig. 1 Intussusceptions secondary to pathological lead point in 
infants and children (n = 23).

Fig. 2 Operative procedures executed for intussusceptions second-
ary to pathological lead point in infants and children (n = 23).
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Dentigerous cyst is a common type of odontogenic cyst of the oral and maxillofacial 
region. It commonly occurs in the second or third decades and rare cases appear in 
the first decade of age. It is a developmental cyst associated with unerupted/impacted 
tooth. Radiographically, it appears as unilocular, radiolucent area along the cemen-
toenamel junction of the associated tooth. Larger dentigerous cysts may be treated 
with marsupialization, and smaller dentigerous cysts are treated with enucleation of 
the cyst and extraction of the associated tooth. This case report presents a case of 
dentigerous cyst in the right maxillary region in a young child and was diagnosed using 
radiographs and removed by surgical excision.
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Introduction
Dentigerous cysts are cystic lesions in the oral and maxillo-
facial area radiographically represented by a well-defined 
unilocular radiolucent area usually involving an impacted 
tooth crown. It is considered as the most common type of 
odontogenic cyst at approximately 20% of all jaw cysts. It is 
mainly associated with the mandibular third molar, maxil-
lary third molar and maxillary canines, with peak incidence 
in the second and third decades.1 The occurrence of this 
cyst in the first decade is relatively low at approximately 4 
to 7%. Histologically, they are represented by a cavity lined 
by the nonkeratinizing thin epithelium without rete pegs.2 
These cysts are usually asymptomatic and are detected 
by routine radiographic examination. The removal of the 
cystic lesion and the extraction of the unerupted tooth is 
the main treatment to prevent the recurrence of the cystic 
lesion.3 This case report presents a case of dentigerous cyst 
in the right maxillary region in a young child and was diag-
nosed using radiographs and removed by surgical excision.

Case Report
A 7-year-old male reported to the department of oral med-
icine and radiology with the chief complaint of swelling in 
the upper right front region of the jaw and delayed eruption 

of upper front tooth for the past 2 months but not asso-
ciated with pain. History revealed that the swelling was 
insidious in onset, which gradually increased and attained 
the present size. There was no history of fever, trauma, 
bleeding or pus discharge related with the swelling. The 
past medical and family history was not contributory.

On general examination, the patient appeared moderately 
built and nourished. On extraoral examination mild facial 
asymmetry in the right maxillary region was observed. On pal-
pation, the swelling was firm to hard in consistency, nontender, 
fixed to the underlying bone, free from the overlying skin, and 
with no tenderness or secondary changes. Intraorally, a soli-
tary swelling was present in the right maxillary labial gingival 
and labial vestibular region, measuring approximately 2.0 × 
2.0 cm, extending superiorly from the labial vestibular region 
and inferiorly to the marginal gingival region in relation to the 
right maxillary central incisor (11) and lateral incisor (12). The 
swelling appears to extend till the palatal gingival region in 
the right maxillary incisors. The surface of the lesion appeared 
smooth with diffuse borders and no secondary changes like 
bleeding or pus discharge present (Fig. 1 A, B). On palpation, 
swelling was nontender, noncompressible, nonpulsatile, not 
depressible, and hard in consistency with expansion of labial 
and palatal cortical regions.

The patient’s consent was obtained and the radiograph-
ical examination was performed. Radiological examination 
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was performed using maxillary occlusal radiograph, and 
orthopantomogram revealed a well-defined radiolucent 
area approximately 2.0 × 2.0 cm with well-defined radi-
opaque borders in the posterior region in relation to 11, 
12, 13, 14, 52 and 53.

There was displacement of permanent and deciduous 
right maxillary incisors (11,12, 13, 52 and 53) and the radio-
lucency was laterally along the tooth root, partially surround-
ing the crown suggestive of the lateral variety. There was no 
root resorption and the surrounding bone appeared normal. 
Orthopantomogram reveals erupting permanent premolars, 
first molars, second molars, and developing third molars. The 
biochemical and microbiological investigations were within 
normal limits (►Fig. 1C, D).

Complete surgical excision of the lesion was done under 
local anesthesia. Teeth (52, 53 and 11) were extracted as on 
surgical exposure, the roots were completely contained in 
the lesion (►Fig. 2A). The permanent maxillary incisor was 
extracted, as the tooth was completely contained inside the 
lesion. Gross examination of the specimen showed gray white 
cystic soft-tissue fragments (►Fig.  2C). Histopathological 
examination revealed lesion lined by stratified squamous 
epithelium with ulceration, and stroma showed collections 
of inflammatory infiltrate composed of lymphocytes and 
plasma cells, congested by blood vessels with focal myxoid 
change and hemorrhage. Bony spicules were seen (►Fig. 2B).

The overall clinical, radiologic and histopathological diag-
nosis confirmed the final diagnosis of dentigerous cyst. The 
follow-up occlusal radiograph was taken by the second month, 

which showed no recurrence of the lesion at the site (►Fig. 3C) 
The patient is under regular follow-up for the past 1 year, the 
eruption pattern of other teeth appears normal, and the reha-
bilitation will be done when the adjacent permanent teeth 
erupt and bone growth is adequate (►Fig. 3A, B).

Discussion
Dentigerous cyst is a type of odontogenic cyst that encloses 
the crown of an unerupted tooth by expansion of the follicle 
and is commonly attached to the neck of the involved tooth.  
The term dentigerous is preferred, the literal meaning being 
“tooth bearing.”4 Dentigerous cysts are usually asymptomatic, 
with the majority of small cysts identified incidentally through 
routine radiographic examination or occasionally from delay in 
the eruption of a permanent tooth.5 The average age of children 
who develop the dentigerous cysts is 11.05 years. This is the 
age in which the permanent canines and premolars have their 
greatest eruptive potential and the widening of dental follicle is 
a part of the eruptive process.6 Dentigerous cysts in the pediat-
ric group commonly occur in the late mixed dentition period, 
as there is increased probability of impaction of the maxillary 
canines and of periapical inflammation from a nonvital decidu-
ous tooth spreading to involve the follicle of an unerupted per-
manent succedaneous tooth.

Two types of dentigerous cysts have been described 
according to the etiopathogenesis.

 • Developmental and inflammatory types. The 
developmental type is the most common type, which 

Fig. 1 Intraoral preoperative photograph of the lesion (A, B). Preoperative maxillary occlusal radiograph (C) and orthopantomogram (D). 
White arrows indicate the lesion.
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usually surrounds the crown of an unerupted tooth by fluid 
accumulation between the layers of the enamel organ.7 The 
inflammatory type of dentigerous cyst is usually associated 
with the roots of a nonvital primary tooth.8 Three types of 
dentigerous cyst have been radiographically described by 
Thoma-Robinson-Bernier: The central variety, in which the 
radiolucency surrounds just the crown of the tooth, with 
the crown projecting into the cyst lumen. In the lateral vari-
ety, the cyst develops laterally along the tooth root and par-
tially surrounds the crown, and the circumferential variant 
exists where the cyst surrounds the crown and extends 
down along the root9 (►Fig. 4A, B, C).
It is commonly associated with impacted, unerupted, 

embedded tooth, odontome or supernumerary tooth. Large 
odontoma can cause a delay in the eruption of permanent teeth 
and can further develop cystic lesions as dentigerous cysts.10 

The clinical examination reveals a missing tooth or teeth and 
possibly a hard swelling, occasionally resulting in facial asym-
metry with no pain or discomfort.11 Delayed tooth eruption of 
the involved tooth is also a common presentation. Bilateral and 
multiple cysts have been reported in patients with syndromes 
such as basal cell nevus syndrome, mucopolysaccharidosis, clei-
docranial dysplasia, and prolonged concurrent use of cyclospo-
rine and calcium channel blockers.12,13 The dentigerous cyst is 
potentially capable of becoming an aggressive lesion. Expansion 
of the bone with facial asymmetry, displacement of teeth, 
severe root resorption of the adjacent teeth, and pain are pos-
sible sequelae brought about by continued enlargement of the 
cyst.14 Cystic involvement of the unerupted mandibular third 
molar usually results in a “hollowing-out” of the ramus, extend-
ing up to coronoid process and condylar process, and expansion 
of the cortical plate due to the pressure exerted by the lesion.14

Fig. 2 Intraoperative photograph of the lesion (A) and the excised lesion along with the extracted teeth (B). Photograph of histopathological 
section, revealing lesion lined by stratified squamous epithelium with ulceration, and stroma showing collections of inflammatory infiltrate 
composed of lymphocytes and plasma cells, congested by blood vessels with focal myxoid change and areas of hemorrhage (C).

Fig. 3 Immediate postoperative photograph of the lesion (A) 3-month follow-up photograph (B). 3-month postoperative maxillary occlusal 
radiograph (C).

Fig. 4 The central variety, in which the radiolucency surrounds just the crown of the tooth, with the crown projecting into the cyst lumen (A). 
In the lateral variety, the cyst develops laterally along the tooth root and partially surrounds the crown, (B) and the circumferential variant 
exists where the cyst surrounds the crown and extends down along the root (C).
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Radiographically, the cyst presents as a well-defined uni-
locular radiolucency, often with sclerotic border. Since the 
epithelial lining is derived from the reduced enamel epi-
thelium, this radiolucency typically surrounds the crown of 
the tooth.9 If the follicular space on radiograph is more than 
5 mm, an odontogenic cyst can be suspected. Other odon-
togenic cysts like radicular cysts, odontogenic keratocysts, 
and odontogenic tumors such as ameloblastoma, Pindborg 
tumor, odontoma, odontogenic fibroma, and cementomas 
may share the same radiologic features as dentigerous cysts.12 
A large dentigerous cyst may be multilocular in radiological 
appearance because of the persistence of bone trabeculae 
within the radiolucent area.

The dentigerous cyst is normally lined with nonkerati-
nized stratified squamous epithelium and filled with clear, 
amber-colored fluid that not infrequently is rich in cholesterol 
and cholesterol esters.15 Rete peg formation is usually absent 
except in cases which are secondarily infected. The connective 
tissue wall is thickened and composed of a loose fibrous con-
nective tissue or sparsely collagenized myxomatous tissue.14 
As the lining is derived from reduced enamel epithelium, it is 
generally 2 to 4 cell layer thick primitive type.9 The impacted 
tooth exerts a pressure on follicle, which obstructs the venous 
outflow and induces a rapid transudation of serum across 
capillary walls. The increased hydrostatic pressure exerted by 
pooling of this fluid causes separation of crown from follicle 
with or without the reduced enamel epithelium. The osmolal-
ity of the cystic fluid is modified by the increased permeability 
to glycosaminoglycans like hyaluronic acid, heparin and chon-
droitin sulfate, which cause expansile growth rapidly.16

The treatment modality is indicated in each individual 
case, such as cyst size and site, patient age, the dentition 
involved, and the involvement of vital structures. Cyst enu-
cleation without extraction of the impaction, and decom-
pression are two treatment modalities indicated in growing 
children and adolescents to salvage the involved dentition.17 
In extensive lesion, surgery or marsupialization is com-
monly recommended for dentigerous cysts, because they 
often block eruption of teeth, become large, displace teeth, 
destroy bone, encroach on vital structures and, occasionally 
even, lead to pathologic fracture.18 Rarely, dentigerous cyst 
transforms to oral squamous cell carcinoma, ameloblastoma 
or mucoepidermoid carcinoma in the adult population if the 
cyst in untreated for a longer period of time.

Conclusion
Dentigerous cyst is the second common odontogenic cyst in the 
oral and maxillofacial region. The prognosis of the cyst is good, 
and recurrence is rare with regular follow-up. Although these 
cysts are rare in the first decade, they can develop in the early 
stages of life, and cause interference in tooth development and 
eruption pattern. Hence, early clinical, histopathological diag-
nosis and complete excision of the lesion with long-term fol-
low-up is required to prevent occurrence of destructive lesions.
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Autoimmune liver diseases (AILD) are part of a broad spectrum of liver diseases with 
autoimmune etiology, usually present individually but at times have overlapping fea-
tures. We present the case of a 60-year-old lady presenting with fatigue, itching and 
right upper quadrant abdominal pain. Further investigation showed cholestatic pat-
tern of liver enzymes and evidence of portal hypertension without any evidence of 
extrahepatic obstruction. Autoimmune markers and liver biopsy showed overlapping 
features of both autoimmune hepatitis (AIH) and primary biliary cirrhosis (PBC), which 
is a separate diagnosis known as overlap syndrome, but by applying appropriate cri-
terion, we were able to make a definite diagnosis of PBC. Differentiating PBC from 
overlap syndrome was important as therapy of both are different.
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Introduction
Autoimmune liver diseases (AILD) are part of a spectrum 
of autoimmune diseases primarily involving the liver and 
includes autoimmune hepatitis (AIH), primary biliary cirrho-
sis (PBC), and primary sclerosing cholangitis (PSC). These dis-
eases usually occur in isolation but sometimes their features 
may overlap, which is a distinct entity with different therapy 
known as overlap syndrome. Here, we present an atypical 
case of PBC with features of AIH, thus presenting a diagnostic 
and therapeutic dilemma. It was important to differentiate 
PBC from overlap syndrome, as treatment of former focuses 
on ursodeoxycholic acid while latter needs steroids along 
with ursodeoxycholic acid.1

Case Report
A 60-year-old female who was a known case of type 
2 diabetes mellitus (DM) and hypothyroidism presented 
to the clinic with complaints of easy fatiguability for  
2 months, generalized itching for 1 month, and right hypo-
chondriac pain for 15 days. She denied any history of fever, 
jaundice, or clay-colored stools. Physical examination 

revealed a nontender, firm liver with sharp regular mar-
gins palpable 6 cm below costal margin and a palpable 
spleen 2 cm below costal margin. There was no evidence 
of scleral icterus, ascites, or stigmata of chronic liver dis-
eases. Initial laboratories showed hemoglobin 8.2 g%, total 
leukocyte count 8,400 cells/mL, platelet count 2 lacs/mL, 
liver function tests (LFT) revealed total bilirubin 0.8 mg/
dL, aspartate aminotransferase (AST) levels 186 U/l, alanine 
aminotransferase (ALT) levels 164 U/L, alkaline phospha-
tase (ALP) 760 µ/L, total protein 7.5 g/dL, albumin 2.5 g/dL, 
and prothrombin time (PT) 13 seconds. Ultrasonography 
showed liver span of 17 cm and heterogenous echotex-
ture without any space-occupying lesion (SOL), portal vein 
diameter 12 mm with hepatopetal flow, normal common 
bile duct, gall bladder, and spleen 14 cm with normal 
echotexture without any SOL. Upper gastrointestinal (GI) 
endoscopy showed single column of grade 1 esophageal 
varices. Screening tests for hepatitis virus and human 
immunodeficiency virus were negative. Further laborato-
ries showed thyroid-stimulating hormone (TSH) 60µIU/mL, 
antithyroid peroxidase 112.9 IU/mL, positive antimitochon-
drial antibody (AMA) (4 +) and antiliver kidney microsome 
(1+), IgM levels 7.58 g/L, IgG levels 26.8 g/L and negative 
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antinuclear antibody, antismooth muscle actin, antisoluble 
liver antigen, antidouble stranded DNA, antitopoisomerase 
and anti-U1 ribonucleoprotein. Magnetic resonance chol-
angiopancreatography (MRCP) did not show any evidence 
of intrahepatic biliary radical dilation. Liver biopsy showed 
lobular architecture disarray with portal-to-portal bridging 
fibrosis, focal ballooning of hepatocytes, edematous expan-
sion of portal tracts with moderate chronic inflammation 
and interface hepatitis, bile duct injury and bile ductular 
proliferation (►Fig. 1). Copper-associated protein was pres-
ent, indicative of chronic cholangiopathy. The overall picture 
presented a diagnostic dilemma for us. We initially made 
a diagnosis of AIH based on modified diagnostic criteria of 
the International Autoimmune Hepatitis Group, however, 
on using the extended criterion, that is, Revised Original 
Scoring System of the International Autoimmune Hepatitis 
Group, our patient falls in the probable diagnosis (10–15); 
for definite diagnosis > 15 score is needed.2 Also the “Paris 
Criterion” used in various studies of overlap syndrome was 
not fulfilled in the case (►Table 1).1 Hence, a final diagnosis 
of PBC was made and patient was started on 15 mg/kg UDCA 
and cholestyramine to which patient responded well both 
symptomatically and biochemically.

Discussion
PBC is an autoimmune disease of the liver involving intra-
hepatic ducts, leading to cholestatic manifestations, 
seen mainly in middle aged to elderly females. However, 
patients may also present late with features of cirrhosis 
and decompensation.3 Apart from historical pointers like 
pruritis, presence of easy fatigability is also a common fea-
ture (60–80%).3 Biochemically, ALP is raised, although AST/
ALT may also be slightly increased. Bilirubin generally rises 
in advanced disease or after development of cirrhosis.4 The 
serological hallmark is the presence of AMA, which is seen 
in 95% of cases, although anti-PDCE2 or 2-oxo-glutaric acid 
dehydrogenase complex may also be seen. Liver biopsy is 
needed for assessing severity of disease or when there are 
certain atypical manifestations such as AMA-negative cases 
or raised AST/ALT. There is no definite treatment for PBC 
and patients are usually treated with ursodeoxycholic acid, 
which can slow down the course of the disease.

AIH is a chronic inflammatory disorder of liver usually 
affecting young females and presents with hepatocellular 
pattern of jaundice. Laboratory features reveal hypergam-
maglobinemia, presence of antibodies such as characterized 
by periportal inflammation, hypergammaglobulinemia, and 
circulating autoantibodies including antinuclear factor, anti-
soluble liver antigen and liver kidney microsomal antibody. 
Interface hepatitis is the hallmark feature of AIH and usually 
has a better prognosis, being responsive to steroid treatment. 
Sometimes, the clinical picture does not fit any of these and 
have overlapping features. Such a case is usually termed as 
overlap syndrome and can be seen in 3–7% of patients with 
autoimmune liver disease (AILD).5 Recently, a case of over-
lap syndrome was reported by Bairy et al from south India, 
who was diagnosed on the basis of Paris criteria and treated 
with ursodeoxycholic acid.6 Rust et al reported another case 
of overlap syndrome treated with budesonide, ursodeoxy-
cholic acid, and azathioprine.7 Differentiating overlap syn-
drome from AIH and PBC has therapeutic implications, as 
both ursodeoxycholic acid immunosuppression with steroids 

Fig. 1 High power (40x) view of hematoxylin and eosin-stained sec-
tion of liver biopsy, showing interface hepatitis along with bile duct 
injury and proliferation.

Table 1  Paris criteria

PBC criteria AIH criteria

Serum ALP levels at least 
two times the upper limit of 
normal values or serum GGT 
levels as least five times the 
upper limit of normal values

Serum ALT levels at least five 
times the upper limit of normal 
values

A positive test for AMA Serum IgG levels at least two 
times the upper limit of normal 
values or a positive test for SMA

A liver biopsy specimen 
showing florid bile duct 
lesions

A liver biopsy showing moderate 
or severe periportal or periseptal 
lymphocytic piecemeal necrosis

Abbreviations: AIH, autoimmune hepatitis; ALP, alkaline phosphatase; 
ALT, alanine aminotransferase; AMA, antimitochondrial antibody; GGT, 
gamma-glutamyl transferase; PBC, primary biliary cirrhosis; SMA, 
smooth muscle antibody.
Note: PBC-AIH overlap syndrome: 2 out of 3 criteria in each group are 
met either simultaneously or consecutively.
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would be required in patients with overlap syndrome. There 
are reports of beneficial effects of azathioprine and cyclo-
sporine in corticosteroid-resistant patients with overlap 
syndrome.8,9

In conclusion, overlap syndrome is an important differen-
tial to consider in patients with PBC showing features of AIH. 
However, it is important to differentiate patients with PBC 
showing AIH features from those of overlap syndrome to pre-
vent unnecessary steroids and other immunosuppressants 
exposure and side effects.

Note
Written informed consent was taken from the patient 
who participated in this study.
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