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ABSTRACT

Background: Coronavirus disease 2019 (COVID-19) has had devastating effects on the health of mil-
lions globally. Patients with tuberculosis (TB) are a vulnerable population. There is paucity of data to
assess association between the 2 diseases in Pediatric population.

Objective: To elucidate the effect of concomitant TB on clinical course of pediatric COVID-19 disease.
Methods: Retrospective matched cohort study was conducted at dedicated tertiary COVID-19 hos-
pital in India. All consecutive patients aged <18y admitted with COVID-19 were line listed.
Patients with current or recently diagnosed TB were included. Consecutive age and sex matched
COVID-19 patients with no history of TB were included as controls. Medical records were
retrieved, clinical data entered in pre-determined proforma.

Results: During study period, 327 pediatric COVID-19 patients were admitted. Study group
included 17 patients with TB. These patients, tended to be referred from other hospitals, be sicker,
had lower SpO?2 at arrival and higher severity of COVID-19 as compared to controls (All P < 0.05).
They required more mechanical ventilation, had longer length of stay and worse outcome.
Conclusion: COVID-19 may secondarily affect and modify the course of TB in children. Given the
high case fatality rate in this association and potentially treatable nature of TB, attention of the pol-
icy makers is drawn to this.

Name of IEC committee: Maulana Azad Medical College and Associated Hospital Institutional
Ethics Committee. IEC no: F.1/IEC/MAMC/(80/8/2020/No0274). Dated 9 November 2020.
Trial registration: CTRI/2021/02/031197 [Registered on: 10 February 2021].
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INTRODUCTION had a devastating impact on lives, health and economic
Globally, 2020-21 witnessed multiple waves of cor- infrastructures across the world. In this unprecedented
onavirus disease 2019 (COVID-19) pandemic that scenario, tuberculosis (TB) patients, who often have
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underlying comorbidities and lung damage, were par-
ticularly vulnerable to more severe COVID-19 [1].
There have been many studies from the adult
world, enumerating the detrimental association of
COVID-19 and TB infection [2-6]. These studies
have revealed that COVID-19 patients with TB had
a 2-fold increased risk of death, and were less likely
to recover. Moreover, time-to-death was shorter
and time-to-recovery longer as compared to
patients without TB [3].

This impact has not been studied in pediatric lit-
erature, given the paucity of severe COVID-19. But
given the rampant spread of COVID-19 in India and
the infectivity of the disease, it is reasonable to as-
sume that pediatric cases were also common, albeit
less severe. The similarity in clinical picture between
TB, childhood pneumonia and COVID-19, with all
respiratory etiologies, manifesting as fever, cough
and breathlessness, often makes them harder to dif-
ferentiate [7]. Given the potential health system
ramifications of this disease association, possibility of
a third pediatric predominant wave, there exists an
urgent need to identify vulnerable populations.
Hence, we embarked on a study, to elucidate the ef-
fect of having TB in pediatric COVID-19 disease
and studied how it impacted the outcome of pediat-
ric patients with COVID-19.

METHODS

Study details and data collection

Adult studies show that co-infection/superinfection
along with infectious diseases as TB, may contribute
to increase in mortality, but similar studies are lack-
ing from pediatric literature [2, 3, 8]. This rarity of
pediatric literature is contributed by the less sever-
ity of pediatric COVID-19 necessitating hospitaliza-
tion. This retrospective, single-center, matched
observational cohort study was conducted in the
Department of Pediatrics of a dedicated tertiary
COVID-19 subspeciality referral hospital in North
India, to find out the correlation of concomitant
pediatric TB infection on clinical severity and out-
come of COVID-19 disease.

A line listing of all consecutive patients aged < 18y
admitted with confirmed COVID-19 infection between

1S March 2020 and 31 October 2020 was prepared
from the hospital admission and discharge registers.

Study definitions
Patients were diagnosed as having confirmed
COVID-19 infection if they presented with symp-
toms suggestive of COVID-19 and had a Reverse
Transcription-Polymerase Chain Reaction (RT-
PCR) test or Rapid Antigen Test (RAT) positive for
COVID-19, in concordance with the Ministry of
Health and Family Welfare, Government of India
(MoHFW) definition [9, 10]. Patients with current
or recently diagnosed (within the last 7 months)
with TB, concomitantly with COVID-19 were
included in the study. Only patients who had micro-
biological evidence in the form of either positive
Cartridge Based Nucleic Acid Amplification Test
(CBNAAT) or positive Acid-Fast Bacilli on micros-
copy were diagnosed as having TB. TB infection was
subclassified into pulmonary, central nervous system
(CNS), abdominal, lymphadenopathy and dissemi-
nated. Disseminated TB was defined as the presence
of features suggested of TB on two or more non-
contiguous sites [11]. To categorize the clinical
symptomatology, the following definitions were
used. Fever was categorized as temperature above
100.2°F [12]. Tachypnea was categorized as per age
wise Integrated Management of Neonatal and
Childhood (IMNCTI) [13].
Clinical severity at admission was categorized as
Government of India (Gol) clinical staging [14-16].

Tllnesses criterion

Study method

Consecutive age and sex matched COVID-19 patients
presenting during the same period with no current or
past history of diagnosis of TB were included as con-
trols for these patients (Fig. 1). The medical records
of all the subjects included were retrieved and clinical
data entered in a pre-determined proforma, elucidat-
ing the sociodemographic characteristics, details of
clinical severity at presentation, clinical course during
stay (severity of COVID-19 infection, type of respira-
tory support, site of TB and duration of hospital stay)
and eventual outcome.



Total COVID-19 Cases admitted
in the Hospital

N =13052

Total Patients <18y
admitted with COVID-19
in the Hospital

(n=327)

Patients with co-morbidities(n=88)

H/O Current or Past
Tuberculosis

N=24

Diagnosed Tuberculosis >7 m prior to
admission - Excluded -

N=7

Study Group

Tuberculosis with
COVID 19

N=17

Fig. 1. Categorization of patients into the various study

groups.

Statistical analysis
Categorical data were presented as counts and per-
centage. Normal distributions were presented as
mean and standard deviation and skewed distribu-
tions were described as median and interquartile
ranges. The difference in categorical variables be-
tween the groups was compared using the Chi
square test or the Fischer’s exact test. For normally
distributed quantitative variables, difference in means
was compared using the Student’s t-test. In non-
normal distribution, the samples were analyzed by
the Mann—Whitney U-test. A subgroup analysis com-
paring the above details between COVID-19 pneu-
monia to pulmonary TB was also undertaken. Given
the paucity of numbers and specificity of disease as-
sociation (COVID-19 with pulmonary TB in pediat-
ric age group), the controls though were matched to
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gender, their age matching was relaxed in this sub-
group to within 24 months of the concurrent case.

Ethics

Ethical approval was taken from the institutional eth-
ics committee and registration with the Clinical Trial
Registry- India (CTRI), done prior to starting the
study. The data was stored in a password protected
computer, shared only between members of the clin-
ical research team, and was anonymized to personal
identification information.

RESULTS

Clinical picture at presentation

During the study period, a total of 327 patients aged
<18y were diagnosed with COVID-19 and admitted
to our hospital. Of these, 88 patients had a concomi-
tant comorbidity, which included hematological dis-
eases, infections and congenital abnormalities
(Table 1). The flow of the study and categorization
of patients into the various study groups is depicted
in Fig. 1. The common clinical parameters at presen-
tation in the study and control groups are compared
in Table 2.

Did TB incidence increase during COVID-19
times?

TB was the most predominant comorbidity (19%) in
our presenting population. During pre-COVID-19
times, of the 9872 admissions per year in our depart-
ment (2018 census), we had 457 pediatric TB (4.6%)
which included 140 (1.4%) pulmonary TB patients.
During COVID-19 times, we had 48 moderate—severe
pediatric admissions, during the first COVID-19 wave
(March-October) (excluding the asymptomatic and
mild COVID-19 admissions, admitted in keeping with
state and central government recommendations for
quarantine purposes). Amongst these moderate—se-
vere pediatric COVID-19 admissions, TB was present
in 10.4% (5/48) patients.

Baseline clinical characteristics
In the study group, pulmonary TB was present in
seven (41.2%), CNS TB in three (17.6%), lymph
node and abdominal TB in one (5.9%) patient each.
Disseminated TB was found in five (29.4%) patients.
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Table 1. Comorbidity profile of the children
who presented with pediatric COVID-19
infection

Comorbidities Number of children (%)

Nil 239 (73.1)

Infections 35(10.7)

e Tuberculosis 17

® Bacterial sepsis 11

o Liver abscess 7

Cancer/hematological disorder 31 (9.5)

® Hematological malignancy 14

o Other malignancy 11

o Thalassemia S

o Sickle cell anemia 1

Congenital heart diseases 5(L.5)

Chronic kidney disease 5(L.5)

Central nervous system 4(1.2)
disease/seizure disorder

Others 8 (2.4)

X-rays were clinically indicated in all of the study
group and four (23.5%) of the control group.
Amongst those with TB and COVID-19, chest X-
rays were suggestive of hilar adenopathy in four
(23.5%), localized infiltrates in three (17.6%), bilat-
eral infiltrates, pleural effusion and miliary shadows
in two (11.7%) each and was normal in remaining
four (23.5%) patients.

Course during stay
In the study group, four (23.5%) patients required
supplemental oxygen support to maintain baseline
oxygenation, as compared to nil in the control group.
Out of these four patients, one each required oxygen
by mask and Bilevel Positive Airway Pressure
(BiPAP) support and two patients required invasive
ventilation. Further during the course of stay, three
patients in the study group had sepsis, one had septic
shock and one had meningitis. There were no severe
complications in any patient in the control group.
There were four (23.5%) deaths in the study group
compared to nil in the control group. The median
(IQR) duration of stay in the study group was 13 (8-
17) days as compared to 6 (4-10) days in the control
group (p=0.03). Two cases with disseminated TB

expired on day 4 and day 22 of admission, one case
with pulmonary TB expired on day 7 of admission
and one case with CNS TB expired on day 17 of ad-
mission. We embarked on a subgroup analysis with
appropriate controls (COVID-19 pneumonia) to as-
sess the clinical course and outcome of the patients

with pulmonary TB (Supplementary Table S1).

DISCUSSION

The onset of pandemic necessitated unprecedented
lockdowns, movement restrictions especially in hot-
spot areas and closure of outpatient department
(OPD) services. In India, national TB elimination
program (NTEP) was strained due to diversion of
resources, manpower and infrastructure [1]. The TB
surveillance resources were repurposed toward na-
tional SARS-CoV-2 serosurveillance. There was a
25% decrease in TB notification in 2020, as com-
pared to 2019 [7]. This may have led to a setback in
achieving TB goals. Given the indiscriminate spread
of COVID-19 in sequential waves, this affected
population is particularly vulnerable to severe
COVID-19 illness, with possible worse outcomes.
The overlap of clinical and radiological picture com-
plicates this scenario further [7, 17]. Current pediat-
ric evidence for this association is limited to case
reports [18, 19]. Since appropriate matched studies
are lacking, we attempted to bridge this gap.

In adult studies, prevalence of TB among
COVID-19 patients has been found to be 0.37-
4.47% [20], but pediatric literature on the same is
lacking. In our cohort, TB as a comorbidity was high-
ly associated with moderate—severe COVID-19 dis-
ease at admission, and was detected in 10.4% of the
pediatric admissions. Potentially as most young chil-
dren acquire TB in their households, the lockdowns
may have resulted in more exposure of children to
infectious TB index cases [1].

In our study, children in the study group tended
to have significantly higher duration of fever prior to
presentation, which is in keeping with the chronic
nature of the disease process. Children with TB also
tended to have more tachypnea, increased work of
breathing, worse disease severity staging (Gol) and
lower oxygen saturation at presentation. This is simi-
lar to adult studies, where signs and symptoms at
presentation included a similar mix of respiratory
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Table 2. Clinical parameters at presentation in the study and control groups

Pediatric COVID-19 with Pediatric COVID p value

tuberculosis (n = 17) (n=17)
Age® 137 (32) 137(32) 1
Gender 9 (52.9) 9 (52.9) 1
Facility from where arrived 0.001
a) Home 3 13
b) Quarantine centre 0 1
c) Hospital 14 3
Admission in PICU 6 2 0.23
Fever 12 (70.6) 8 (47.1) 0.17
Cough S S 1
GI symptomsb 3 3 1
CNS symptoms* 2 0 0.34
Median duration of fever in days prior 8 (6-25) 3(3-4) 0.002

to presentationd

Cough 5(29.4) 5(294) 1
Coryza 1(5.9) 5(29.4) 0.18
Tachypnea 6(35.3) 0 0.02
Increased work of breathing 6 (35.3) 0 0.02
SpO, at arrival < 95% 5(29.4) 0 0.04
GOI staging 0.05
a) Mild 12 (70.6) 17 (100)
b) Moderate 2 (11.8) 0
c) Severe 3(17.6) 0

*All data as n (%) except mean (SD)/*median (IQR).

Gl symptoms included diarrhea, vomiting, pain in abdomen.
“CNS symptoms included headache, altered sensorium.
dSpOZ on room air.

GOI, Government of India.

Bold represents statistically significant results (p < 0.0S).

symptoms [fever (81.2%); dry cough (56.2%); dys-
pnea (35.4%): 49 patients across Europe] [4].

TB is associated with a 2.1-fold increased risk of
severe COVID-19 disease. In addition, TB patients
also tend to have comorbid or living conditions that
may increase their vulnerability [20]. In our patient
population as well, association of TB with COVID-
19 had a 23.5% (4/17) mortality rate. We found that
children, with disseminated and pulmonary TB, were
more likely to succumb to severe COVID-19, with
shorter survival times, as compared to other TB sub-
types. The possible reason for this higher case fatality
and severity of COVID-19 disease might be partially
explained by studies from the adult world, which
shows exaggerated humoral responses in the patients

with SARS-CoV-2 infection and concomitant latent
TB infection, as compared to those without latent
TB infection. One study has demonstrated height-
ened antibody response and significantly higher in-
flammatory markers (C-reactive protein, vascular
endothelial growth factor and transforming growth
factor alpha) [21].

In our study, most of the patients having pediatric
TB with COVID-19 were referred to us from some
other hospital in comparison to the controls who
came from their homes. The referrals were due to
the fact that our institute was a dedicated tertiary
COVID-19 subspeciality referral hospital and the
cases had greater severity of disease. A higher num-
ber of cases required pediatric intensive care unit
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(PICU) admissions even though the difference was
not statistically significant. This result is of special
importance in order to prepare for the possible fu-
ture waves of the COVID-19 pandemic. The pre-
paredness and streamlining of referral services will
need to keep this possibility of referral of similar
patients from points of first contact to dedicated
health facilities with intensive care services in the fu-
ture also.

The drawbacks of our study are primarily due to
the single center, retrospective nature of the study,
but given the paucity of severe pediatric COVID-19,
getting large sample sizes prospectively to assess this
association may be difficult. Also, we did not assess
the Bacillus Calmette—Guerin (BCG) vaccination
status of our subjects, given the current interest of
BCG vaccination and impact on COVID-19 illness
[22-25].

Due to the chronic course of TB, finding co-infec-
tions/superinfections of TB with COVID-19 are un-
usual; it is more likely that COVID-19 secondarily
affects and modifies the course of TB disease in pedi-
atrics. Given the severity of association of pediatric
COVID-19 with TB, it may be reasonable to dwell
upon this association. Also, administration of im-
munosuppressive drugs such as steroids, as a part of
COVID-19
Inflammatory Syndrome in Children (MIS-C) treat-
ment, may result in reactivation of TB or potentially

severe pediatric and Multisystem

present as a disseminated infection or with atypical
presentation [26]. Larger prospective studies are
needed to understand any role played by SARS-
CoV-2 in the reactivation of TB infection and atyp-
ical presentations of the disease.

To address this problem, as a public health meas-
ure, bi-directional TB-COVID screening and TB
screening of Severe Acute Respiratory Infection
(SARI) cases, may help in timely start of treatment,
and possibly improve outcomes. Also, linkages of TB
service facilities with COVID-19 isolation facilities
should be established. Given the high case fatality rate
in this association, the potentially treatable nature of
TB, similar clinical symptomatology and radiological
picture of both the disease processes and the social
stigma attached with TB, attention of public health
planning and resource allocation should be redirected

to this subgroup, as areas with greater TB burden

could have higher case fatality rates of COVID-19.

SUPPLEMENTARY DATA
Supplementary data are available at Journal of Tropical
Pediatrics online.
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