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Abstract
Covid-19 pandemic has significantly challenged the healthcare delivery across the world. Surgery departments across the 
country responded to this challenge by halting all non-emergency procedures. This delay in diagnosis and management of 
surgical disease could result in significant mortality and morbidity among the most vulnerable population-the children. In 
this manuscript, we discuss the measures adopted as well as the challenges faced by the pediatric surgery department at 
Aga Khan University Hospital, Karachi (AKUH), Pakistan, which is a private, not-for-profit entity and providing optimum 
surgical care to the patients. We also underscore the need for global strategies for tackling such crisis.
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Introduction

On January 30th, 2020, the World Health Organization 
acknowledged a novel coronavirus (SARS-CoV-2) as a ‘pub-
lic health emergency of international concern’ [1] and later 
declared coronavirus disease (COVID-19) a pandemic. The 
virus primarily affects the respiratory system and is transmit-
ted between humans via respiratory droplets, secretions and 
direct contact [2]. The initial cases emerged in late Decem-
ber 2019, in Wuhan, Hubei Province of China [3]. As of July 
9th, COVID-19 has infected more than 11.87 million people 
in more than 213 countries across the world and more than 
545,000 people have lost their lives [4].

The disease is severe in elderly and people with underly-
ing chronic diseases. The children though comprise a small 
fraction of the total people affected by COVID [5, 6], as a 
report of 73,214 covid-19 cases from the Chinese Center 
for Disease Control and Prevention showed that only 1–2% 
of the total cases were children under 19 years of age, in 

contrast to 87% of the cases being adults aged 30–79 years 
[7]. The disease is also reportedly less severe in children [7, 
8], with those infected experiencing mild symptoms charac-
teristic of an acute respiratory tract infection [8]. However, 
in late April, reports of Kawasaki-like disease in COVID-19 
positive children emerged, mostly in Europe and USA [9]. 
This has raised concerns surrounding the vulnerability of 
the children to the virus itself and its possible complications.

The first two cases of COVID-19 in Pakistan were con-
firmed on February 26th, 2020 and both had recently trav-
elled to Iran for pilgrimage. Pakistan had its first case of 
local disease transmission on March 13th. As a counter-
measure, a National Security Council meeting was held, and 
a country-wide lockdown was initiated on April 2nd with 
closure of all public places, transports, local businesses and 
markets as the national tally surpassed 2291 cases [10]. Cur-
rently there are more than 240,000 positive cases and more 
than 4900 deaths across the country [11], and the number of 
children affected are unknown.

Disruptions due to COVID

COVID-19 has significantly impacted various sectors such 
as international trade, agriculture, financial markets, tour-
ism etc. [12, 13]. The effects of COVID on the healthcare 
delivery system are also profound, especially in low-mid-
dle income countries where the system is already fragile 
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[14]. The disruption in the healthcare systems is expected 
to threaten the healthcare delivery to the most vulnerable 
patient population—the children. In Pakistan, 39% of the 
total population is within the pediatric age group [15] but 
there are only 48 pediatric surgical centers throughout the 
country. Five of these centers are located in the city of Kara-
chi, which has a total population of more than 16 million 
[16]. Among these, two are private facilities, two are govern-
mental facilities and 1 is non-profit. Therefore, it is impera-
tive for countries with limited infrastructure and funding to 
effectively mobilize resources not only for the management 
of COVID-19 patients but also to maintain essential surgical 
services for our pediatric population. A recent analysis esti-
mates that an additional 1,157,000 child deaths and 56,700 
maternal deaths could occur over the next 6 months across 
118 low-middle income countries because of this disrup-
tion [17]. A surge in death by preventable diseases can be 
expected because of the temporary suspension of childhood 
immunization programs during this crisis [18]. The signifi-
cant delay in the diagnosis and treatment of surgical disease 
because of the surge in COVID patients may also contribute 
to significant morbidity and mortality. Apart from acute sur-
gical emergencies, there are some surgical conditions that 
require timely interventions or else a delay can be detri-
mental to a child’s health, e.g. orchiopexy is best performed 
before 1 year of age to decrease the risk of infertility and 
testicular malignancy [19]. This paper highlights the chal-
lenges and measures adopted to ensure safe pediatric surgery 
services at Aga Khan University Hospital (AKUH), which is 
a private, not-for-profit hospital in Karachi, Pakistan.

Setting

The AKUH is a tertiary care hospital in Karachi, Pakistan. 
It was established in 1985 and now comprises over 750 beds 
with various specialties and state-of-the-art operating rooms, 
emergency rooms as well as critical and intensive care units. 
In addition, AKUH has over four secondary hospitals located 
in different parts of Karachi and Hyderabad, and over 15 
medical centers located across Pakistan, providing urgent 
medical care as well as specialized clinics. The department 
of pediatric surgery is a part of the Children’s Hospital ser-
vice line. It consists of pediatric surgeons working in close 
collaboration with pediatricians, pediatric intensivists and 
pediatric anesthesiologists. The department covers a wide 
range of surgical diseases among a diverse patient popula-
tion- from newborns to young adolescents. It provides 24 h 
emergency services, outpatient clinics and inpatient facility 
comprising of a 65 bed general pediatric ward, 24 bed neo-
natal intensive care unit (NICU) and an eight bed pediatric 
intensive care unit (PICU).

Preempt measures for pediatric surgical 
services

The onset of pandemic set into motion a series of essential 
changes in the hospital delivery of services including the 
pediatric surgery department. A multitude of factors were 
considered, and a comprehensive prioritization list of sur-
gical procedures was devised with collaboration between 
the pediatric surgery faculty and the hospital administra-
tive management. The considerations included the poten-
tial of significant morbidity in case of deferring the care 
and possible exacerbation of the underlying disease or a 
downward trend in quality of life. The list categorized the 
surgical procedures into either of the three groups (Elec-
tive, Semi-elective and Emergency) as shown in Table 1. 
Elective procedures comprised of conditions that could 
be postponed to four or more weeks; Semi-elective pro-
cedures required prioritizing upon the elective list; and 
Emergency procedure required immediate intervention 
within hours/days of diagnosis. Emergency procedures 
were further classified into ‘Orange’ and ‘Red’ emergen-
cies; Red emergency meant a patient presenting with life 
threatening pathology and Orange emergency meant a 
patient with an organ/limb threatening situation.

Further, on March 20th, 2020 all elective and semi-
elective procedures were put at a halt for 6 weeks to pre-
vent overwhelming of resources required for critically ill 
patients and this was done to significantly reduce inpatient 
volume and to prepare for the influx of patients requir-
ing critical care. The postponement of elective surgeries 
also decreased the nonessential patient contact to mini-
mize infection transmission and only emergent cases were 
allowed during this time period. During this time span, 
none of the elective cases had to be done on urgent basis. 
On May 12th, 2020 this decision was modified and semi-
elective surgeries were resumed in light of preventing 
worsening of pre-existing conditions. The following proto-
cols were set-up for a patient booked for pediatric surgery.

COVID‑19 screening

COVID screening was made mandatory within 72 h for 
children booked for surgery. The screening was done using 
the patient under investigation (PUI) form, which was a 
verbal questionnaire comprising of two sections. The first 
section of the form explored symptoms related to COVID 
including history of fever, cough, shortness of breath, 
myalgias or sore throat within the last 14 days and the 
second section consisted of a checklist of possible expo-
sures such as travel history, contact with a confirmed or 
probable case of Covid-19, occupational exposure such as 
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health care worker or public dealing and a recent history 
of return from congregation.

COVID hospital and operation rooms

A separate building within the hospital has been designated 
for admissions for COVID suspected and confirmed cases 
and this has been named as ‘COVID diagnostic and treat-
ment zone (CDTZ)’. This is a separate ground with three 
floors building and consists of a total of 106 negative pres-
sure rooms for individual patients. The ground floor has 
been reserved for children, first floor has the COVID ICU 
(mechanical ventilation) and the second and third floor com-
prises of general isolation beds and high dependency beds 
for suspected/conformed COVID patients. All the suspected 
cases of COVID once deemed eligible for admission are 
admitted in CDTZ and if the test results are negative, they 
are shifted out to the main hospital area.

A previous ‘Day care surgery unit’ has also been desig-
nated for performing surgeries specifically of COVID con-
firmed cases. These comprises of three ORs and have a nega-
tive pressure system and laminar air flow ceilings coupled 
with high efficiency particulate air filters. In addition to this 
being situated in the low-traffic area of the hospital, the ORs 
share close proximity with the CDTZ.

COVID‑19 testing for orange/red emergency

All the booked patients for an emergency procedure have 
to go through a COVID testing (a real-time reverse tran-
scription polymerase chain reaction (rRT-PCR)). For red-
emergencies this is either done in the ER or OR, while for 
orange-emergencies, they are first admitted to CDTZ and 
then the test is performed. If the test results come out neg-
ative, patient is admitted in the routine ward and routine 

protocols are followed (Fig.  1). However, if the test is 
positive and surgery cannot be deferred, the reason for the 
surgery is notified to the Chief Quality and Patient Safety 
Officer (CQSP), anesthesia department chair and the surgery 
department chair. After approval from all authorities, the 
patient is admitted in CDTZ and special protocols are fol-
lowed and, in the OR, the surgery is performed in a negative 
pressure flow OR with proper personal protection equipment 
(PPE) comprising of N95 masks and proper face and eye 
shields.

COVID‑19 testing for elective surgery

The patients who are booked for elective procedures under 
local anesthesia and are ruled out during screening, are 
exempted for COVID testing. All the elective patients booked 
for procedures under general and regional anesthesia have to 
go through a COVID screening and testing (PCR) within 72 h 
of the planned procedure. The patients visit the ER or CDTZ 
specifically for screening and testing prior to the planned 
admission for surgery. Patients who are tested negative, are 
admitted to routine wards with general protocols. While 
patients who are tested positive for COVID are admitted to the 
CDTZ and proper approval are taken before proceeding with 
the surgery. The surgery is performed in the specific OR with 
appropriate gear for all health professionals present in the OR, 
including N95 mask, face and eye protection. Till this date, 48 
pediatric COVID cases have been admitted under the children 
hospital service line at AKUH. Out of these; two developed 
Kawasaki-like symptoms and three experienced myocarditis, 
however, none of these required surgeries. At our center, a total 
of 13 patients with pediatric surgical diseases were tested posi-
tive for the virus. These patients were planned for procedures 
and their tests were sent pre-operatively as per hospital policy 

Table 1   Classification of pediatric surgery procedures

Elective Semi-elective Emergency

Circumcision Neonates born with congenital anomalies 
which cannot be delayed

Acute appendicitis

Hernia Children with congenital anomalies pre-
senting late in clinic

Intestinal obstruction

Hydrocele Renal and ureteric stones Testicular and ovarian torsion
Neck cyst and sinuses Wilms tumor surgeries Intestinal perforation
Perianal fistula Biopsy for diagnosis Esophageal and tracheal foreign body ingestion
Hypospadias Diagnostic laparoscopy Trauma with uncontrolled hemorrhage
Orchidopexy Bleeding rectal polyp
Cholecystectomy for gallstones Incision and drainage
Ambiguous genitalia Exploratory laparotomy
Stoma closure CBD stone

Pyeloplasty
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and none of these surgical patients had any respiratory or other 
COVID related symptoms.

Workforce division and safety

By late March, more than 20% of the hospital staff working in 
the Emergency Department and Covid-19 intensive care units 
had contracted the virus, including 29 surgical residents and 
interns across three different surgical specialties. As a result, 
new policies were created regarding the weekly scheduling 
of all health care staff present in the ward and ORs includ-
ing the pediatric surgery residents. The pediatric surgery team 
was divided into two teams (both in-patient and on-call), with 
alternate rotations of for 1 week each. The wearing an N-95 
was made mandatory in high risk areas such as Emergency 
Room, ORs and ICU. In addition, contingency plans were also 
devised for possible confirmed Covid-19 cases amongst the 
healthcare forces and PPE policies were reviewed and revised 
to ensure healthcare force safety.

COVID specific pediatric surgery challenges

Reduced patient inflow

Global phenomenon such as pandemics or epidemics are 
known to cause increased fear and anxiety among the pub-
lic [20–22]. It is understandable that people are concerned 
about contracting the virus, explaining the potential delays 
in seeking treatment of acute or chronic conditions. This 
state of fear, in addition to the ongoing practices of social 
distancing, self-isolation and country-wide lockdown has 
led to reduced patient inflow at our hospital. Moreover, 
AKUH serves as a tertiary referral hospital for advanced 
management and diagnostic procedures and due to the clo-
sure of public transport and strict travel restrictions fol-
lowing the lock-down, there was a significant decrease in 
referrals from other hospitals within Karachi and reduced 
health seeking from patients outside the city.

Contact respective
Service Line Nurse
Manager or Bed

Management Office
if bed not available

0307-2228183
021-3486-3297

Elective Surgery

CCOOVVIIDD SSccrreeeenniinngg
(72 hours ahead by pr imary team

and documented)

CCOOVVIIDD nnoott
ssuussppeecctteedd

COVID
suspected

LLooccaall AAnnaaeesstthheessiiaa GGeenneerraall oorr RReeggiioonnaall
AAnnaaeesstthheessiiaa

Patient to carry the following to AKU COVID test center :
• PUI form documented by nurse
• COVID test appointment request slip
• Accommodation request form for surgery

COVID test to be done:
• Within 48 hours of surgical date
• Only at AKU COVID Screening and Testing zone

Appointment for COVID test to be provided by clinic staff

SSuurrggeerryy wwiitthh
aapppprroopprr iiaattee PPPPEE

For surgery on
Nasopharynx,
Oropharynx,
Respiratory
System AGPs:

Use of appropr iate
PPE including N95,
Face and Eye
Shield, mandatory

TTeesstt NNeeggaattiivvee

PPrroocceeeedd wwiitthh ssuurrggeerryy
aafftteerr ccoonnffiirrmmaattiioonn

sshhaarreedd bbyy OORR

Orange Emergency Red Emergency

• CCOOVVIIDD ssccrreeeenniinngg
• PPUUII ffoorrmm ddooccuummeennttaattiioonn

CCOOVVIIDD ssuussppeecctteedd CCOOVVIIDD NNoott ssuussppeecctteedd

AAddmmiitt iinn CCDDTTZZ
((uunnddeerr

PPrr iimmaarryy tteeaamm))

AAddmmiitt iinn Old
Private Wing 1 or
New Pr ivate Wing

CCOOVVIIDD tteesstt bbyy ttrraaiinneedd ssuurrggeerryy rreessiiddeenntt oorr nnuurrssee
Appropr iate PPE including N95,
Face and Eye Shield mandatory

Test Positive TTeesstt NNeeggaattiivvee

SShhiifftt ttoo SSeerrvviiccee lliinnee bbeedd
PPrroocceeeedd wwiitthh ssuurrggeerryy aass iinnddiiccaatteedd

SSuurrggeerryy ddeeffeerr rreedd Surgery cannot be
defer red

Notify the reason to
CQPSO, Anesthesia
and Surgery Chairs
(Responsibility of
pr imary surgeon)

DDiissccuussssiioonn bbeettwweeeenn
pprr iimmaarryy ssuurrggeeoonn,,
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Negative Pressure Flow OR for surgery

Full PPE including N95, Face and Eye
Shield mandatory

CCOOVVIIDD tteesstt iinn EERR oorr iinn OORR

NNeeggaattiivvee PPrreessssuurree FFllooww
OORR ffoorr ssuurrggeerryy

Full PPE including
N95, Face and Eye
Shield mandatory

• COVID sample to be sent
from OR if not sent in ER

• Admit in CDTZ if COVID test
result not back by the time
surgery concluded

Test Positive

SSuurrggeerryy
ddeeffeerr rreedd

Surgery cannot
be defer red

Admit in
CDTZ after
Surgery!

PUI: Patient Under Invest igation
CDTZ: COVID Diagnostic and Treatment Zone
AGP: Aerosol Generating Procedure
CQPSO: Chief Quality & Patient Safety Offic er (Dr . Hasnain Zafar )
AKU COVID test ing zone is located in the park ing lot next to university
entrance gate

!

!

COVID TESTING ALGORITHM FOR SURGERY PATIENTS

! !

Fig. 1   COVID-19 algorithm for surgery patients at AKUH
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Limited patient capacity of the CDTZ

Following the new hospital guidelines, postoperative man-
agement and admission of the COVID-positive patient is 
done at the CDTZ. Due to its finite capacity, and increasing 
workload with rising COVID cases, the provision of regular 
surgical care has become increasingly complex. The lim-
ited capacity prevents the surgery team from catering to the 
number of patients it was able to do so before the pandemic. 
Moreover, children needing emergency surgical intervention 
and those who are screened or tested positive have to be sent 
back or referred to other hospitals due to space constraints in 
the CDTZ, and children planned for elective procedures have 
to wait for longer period of time. As the government has 
started easing the lockdown and with resumption of regular 
activities at the hospital—the space constraints are escalat-
ing with more challenges in the weeks to come.

Increased cost of patient care

Several efforts have been directed towards devising an elabo-
rate plan to provide an optimal surgical care while ensur-
ing the safety of patients as well as all healthcare workers. 
This plan included the establishment of separate COVID 
screening camp, allocation of COVID ORs, expansion of 
COVID testing capacity, provision of essential PPE and 
investment into tele-medicine. Moreover, hospital-wide 
regulations were set into place for the pre, peri and post-
operative phase. Under these measures, a patient is required 
to be screened and tested at the hospital prior to surgery for 
COVID. The cost for diagnostic tests, in addition to the extra 
expenses incurred in following COVID-specific protocols 
in the CDTZ and the ORs by the hospital staff, had to be 
paid by the patient, which ultimately increased the total cost 
significantly. This rising cost of healthcare coupled with the 
ongoing economic recession may discourage several parents 
from seeking timely healthcare for their children.

Patient and parental anxiety

The patients and parents are put under an increased psycho-
logical strain due to the initial closure of outpatient clin-
ics and elective procedures, and subsequent scheduling of 
postponed surgeries. In addition, the fear of risk posed by 
COVID-19 to their children while visiting hospitals and 
undergoing surgery makes them hesitant to pursue treat-
ment at the hospital, especially when the same facility is 
also catering to COVID-19 cases. Therefore, it is important 
for the healthcare providers to address the queries and issues 
of parents for effective management of the pediatric patients 
[23].

Revenue issues for the hospital

The revenues for most of the private hospitals are dependent 
on the revenue generated from the various clinical activities 
including the inpatient, outpatient, laboratory and radiol-
ogy services amongst others and elective procedures and 
outpatient services contribute significantly to overall hos-
pital revenue [24, 25]. AKUH is also a non–profit hospital 
relying mostly on revenue from clinical activities and dona-
tions. The postponement of elective services including out-
patient, inpatients, laboratory and radiology services along 
with decline of emergency services, has undeniably posed 
a financial challenge for the hospital. In addition to reduced 
revenue, the hospital is incurring increased cost to maintain 
adequate supply of PPE, establishment of CDTZ, investing 
in tele-clinics, strengthening ICU facilities and mobilization 
of the workforce.

Resident education and training

The decline in the volume of surgical patients and its det-
rimental impact on post-graduate resident training was rec-
ognized. Although, being a part of the healthcare force in a 
pandemic was considered as a learning opportunity, multiple 
e-learning educational sources were quickly sought by the 
surgery department to make-up for the loss of exposure in 
the subspecialties. Many surgery residency programs have 
been able to transition to virtual learning in the form of 
video-lectures to maintain learning [26]. To keep up with 
the changing clinical atmosphere in the hospital, the depart-
ment of pediatric surgery incorporated some changes to the 
residents’ training program. These included using distance-
learning technologies such as online journal clubs, surgi-
cal grand rounds and frequent educational sessions with the 
faculty over Zoom. The gap in the education can be bridged 
with the development of individualized mentorship avenues, 
possible extension in training period and reduction in admin-
istrative responsibilities assigned to our residents [27].

Medical student education

Medical students rotate on the Pediatric surgery service for 
3 weeks as a part of their General Surgery rotation in final 
year. During this time, they participate in the wide spec-
trum of patient care- inpatient, out-patient and in the OR. 
In line of social distancing and following the restrictions 
placed by the federal government, medical studies were dis-
continued. These included the basic science years (years 1 
and 2) and clinical years (years 3–5). Interruption in the 
medical students’ education was met with a prompt shift 
to continuing it via online modalities. At our institution, 
despite the closure of medical college, lectures and discus-
sions conducted via Microsoft Teams and Zoom provided 
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uninterrupted education in the time of pandemic. It has been 
a considerable challenge to provide accurate patient expe-
riences for the medical students [28]. The lack of clinical 
exposure was compensated with virtual patient exposure via 
CyberPatient app. Further opportunities for students include 
involvement in tele-health and volunteering at call centers 
for COVID-screening.

Resident and staff wellness

The department recognized the need to safeguard the psy-
chosocial health of the residents. Recognizing the risk for 
emotional exhaustion, multiple wellness sessions were con-
ducted with the residents by the pediatric surgery depart-
ment leadership in collaboration with the department of 
psychiatry. Pediatric surgery trainees have exhibited con-
cerns regarding the emotional burden related to the risk 
of transmission of COVID to their family members [27]. 
Studies demonstrate additional factors causing stress among 
healthcare professionals and these include being doubtful of 
the ability to provide optimum care in case of deployment to 
a new service, rapidly evolving information and the short-
age of intensive care units to treat critically ill patients [29].

Learnings and way forward

Access to healthcare is a fundamental human right, but the 
strain that the COVID-19 pandemic has placed on health-
care systems everywhere has, in turn, affected many people’s 
primary care provision and health, in more ways than one. 
Around the world, doctors’ offices have closed their doors 
and many elective surgeries have been postponed. Alternate 
strategies like telemedicine have been introduced and train-
ees teaching is highly reliant on online channels.

Covid-19 has had a major impact on children and also 
on provision of essential pediatric surgery services amongst 
others. These are unprecedented and challenging times, for 
healthcare providers, medical educators and the patients. 
But these challenging times have also reinvigorated the fact 
that a broader lens is needed to address this pandemic, as a 
study published in Lancet Global Health has shown the huge 
additional child and maternal deaths that could occur due to 
lack of access to primary health care services in developing 
countries [17] and a study in BMJ has shown that two-thirds 
of the deaths in UK could be due to reduced access to health-
care services [30].

These disruptions have posed additional challenges to 
resource limiting countries which already have a greater 
burden of childhood diseases coupled with greater morbid-
ity and mortality when compared to the developed world. 

In the city of Karachi during this pandemic; all the govern-
ment and private hospitals have stopped offering elective 
pediatric surgery services. Hence only emergency pediat-
ric surgery services are being offered in the whole city of 
Karachi which not only caters to the children of Karachi 
but to the whole province of Sindh and some cases from 
other provinces. The challenges are far greater in Gov-
ernment facilities which already are resource constraint 
and lack means to take additional measures like ensuring 
PPE of all health care providers, creating negative pressure 
ORs and wards and ensuring enforcement of the new pro-
tocols which has discouraged the health providers to even 
providing emergency care. As most surgical departments 
across the country are now planning to move into the tran-
sition phase of resumption of elective surgery, surgical 
practices need to be periodically evaluated and upgraded 
to ensure safety of our patients and healthcare workers as 
the number of cases of COVID are on a rise in Pakistan 
and we are now seeing pediatric surgical patients with 
COVID. There is a continuous struggle around the world 
in finding the balance between preventing the spread of 
COVID-19 and continuing essentials of life and regular 
health service delivery. At the same time, the focus on 
continuing training of the residents and students cannot 
be further underscored, as multiple studies recommend the 
use of operative videos in an attempt to increase surgical 
exposure. This can be done either by gaining access to 
online, open access, peer reviewed operative video librar-
ies [31] or utilizing the archived surgery videos from the 
home institution, followed with explanation from faculty 
[26].

Though it was necessary to prevent the spread of the 
pandemic and lock-downs emerged the most essential 
way to tackle this catastrophe, but these strategies have 
had far reaching effects and hence underscore the need to 
comprehensively explore such strategies and find a right 
balance in varying contexts. It is imperative to learn from 
the evidence-based data from other countries especially 
from the developing world to ensure provision of safe and 
timely healthcare delivery for all patients. Though it is pre-
mature to suggest any specific strategies but this crisis has 
provided an opportunity for thinking and devising global 
policies, so that future such circumstances can be tackled 
more comprehensively and uniformly. Together, and better 
equipped with advancing knowledge, we can fight this.
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