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Abstract

The COVID-19 pandemic led to the reorganization of health care in several countries, including Brazil. Inborn Errors 
of Metabolism (IEM) are a group of rare and difficult to diagnose genetic diseases caused by pathogenic variants in 
genes that code for enzymes, cofactors, or structural proteins affecting different metabolic pathways. The aim of this 
study was to evaluate how COVID-19 affected the diagnosis of patients with IEM during the first year of the pandemic 
in Brazil comparing two distinct periods: from March 1st, 2019 to February 29th, 2020 (TIME A) and from March 1st, 
2020 to February 28th, 2021 (TIME B), by the analysis of the number of tests and diagnoses performed in a Reference 
Center in South of Brazil. In the comparison TIME A with TIME B, we observe a reduction in the total number of 
tests performed (46%) and in the number of diagnoses (34%). In both periods analyzed, mucopolysaccharidoses 
(all subtypes combined) was the most frequent LD suspected and/or confirmed. Our data indicates a large reduction 
in the number of tests requested for the investigation of IEM and consequently a large reduction in the number of 
diagnoses caused by the COVID-19 pandemic leading to a significant underdiagnosis of IEM. 
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Introduction
At the end of December 2019, in Wuhan, China, the 

whole world faced a new infectious disease, called COVID-19 
caused by the SARS-CoV-2 virus. It would not take too long 
for the virus to spread worldwide, and on March 11th, 2020, the 
World Health Organization (WHO) classified it as a pandemic 
(World Health Organization, 2020).

In Brazil, the first COVID-19 case was reported on 
February 26, 2020 (Araujo et al., 2020; BRASIL, 2020a). 
Shortly thereafter a growing number of cases was recorded with 
almost 20 million people infected and over 540,000 deaths by 
mid-2021 (BRASIL, 2020b). In all of the states, four or more 
social distance measures were adopted, such as suspension of 
school classes and events, risk group quarantine, restriction 
of public transportation, and partial hold of the economy 
(Da Silva et al., 2020). As a consequence, a reorganization 
of the health care system was necessary, affecting the lives 
of a countless number of patients who use the public health 
system in Brazil. 

Inborn Errors of Metabolism (IEM), are a group of 
genetic diseases caused by pathogenic variants in genes that 
control enzymes, cofactors, or structural proteins affecting 
different metabolic pathways (Ismail et al., 2019; Elmonem 
et al., 2020). There are only a few reports relating COVID-19 
and IEM, but it has been considered that some metabolic 
diseases such as amino acid disorders, organic acidemias, 

lysosomal and mitochondrial disorders are risk factors for 
the COVID-19 disease. We also know that IEM are rare and 
neglected diseases, difficult to diagnose, and require continuous 
clinical and laboratory monitoring. The lack of monitoring 
can worsen the disease course and the natural history (Lampe 
et al., 2020; Leoni et al., 2020; Mistry et al., 2020).

Since 1982, the Laboratory of Inborn Errors of 
Metabolism of the Medical Genetics Service (LIEM – MGS) 
of the Hospital de Clínicas de Porto Alegre (HCPA) has 
contributed to the biochemical understanding of many rare 
diseases and has become a reference center for the diagnosis of 
this group of diseases, receiving samples from all of Brazilian 
states and from other countries. The main specialty of LIEM-
MGS is the diagnosis of Lysosomal Disorders (LDs), but the 
laboratory also frequently performs other tests for IEMs such 
as the diagnosis of classic galactosemia, type I tyrosinemia, 
biotinidase deficiency, congenital disorders of glycosylation, 
Smith-Lemli-Opitz Syndrome, among many other conditions.

The main aim of this study was to evaluate how 
COVID-19 affected the diagnosis of patients with IEM 
throughout the first year of the pandemic in Brazil.

Material and Methods
Samples

This is an observational study in which we compared 
the periods from March 1st, 2019 to February 29th, 2020 
(TIME A) and from March 1st, 2020 to February 28th, 2021 
(TIME B). Data such as the number of tests performed on 
urine samples (U), whole blood (WB), leukocytes (L), plasma 
(PL), dried blood spots (DBS), serum (S), fibroblasts (F) and 
the number of confirmed diagnoses per year performed by 
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LIEM-MGS were also used in this analysis. We considered 
as a “confirmed diagnosis” those that are performed using 
the gold standard, usually performed via measurement of the 
enzymatic activity and/or specific biomarkers in leukocytes 
and/or fibroblasts, using fluorimetric or colorimetric assays, 
electrophoresis, chromatography, isoelectric focusing and other 
types assays/tests, and also cases with a positive molecular 
genetics diagnosis. Positive results in a single DBS sample 
were considered a diagnosis “to be confirmed”, and only 
considered as a “confirmed diagnosis” when analyzed in 
two different samples or combined with a positive molecular 
genetics results. The tests and diagnosis were divided into 
two different groups: Lysosomal Disorders (LDs) and other 
IEM (IEM-others). 

Statistical analyses 

Mean and standard deviation were analyzed by SPSS 
version 22.0.

Results
During TIME A the LIEM-MGS performed 7,422 specific 

tests for IEM. Of these, 6,750 (91%) were requested for IEM-
LD investigation, the remaining 672 (9%) for IEM-OTHERS 
investigation. In TIME B the total number of tests performed 
for IEM investigation was 3,980. Of these, 3,497 (88%) are 
represented by IEM-LDs and the remaining 483 (12 %) were 
tests requested for IEM-others (Table 1). In the comparison of 
TIME A with TIME B, it was possible to observe a reduction 
of 46% in the total number of tests performed. Specifically for 
the investigation of IEM-LDs there was a reduction of 41% 
while for IEM-others there was a reduction of 28%.

In TIME A, the laboratory was able to diagnose 242 
patients for 38 different types of IEM. Of these, 151 (62%) 
were confirmed and 91 (38%) required further confirmation in 
an additional sample. Of the 151 confirmed, 142 (94%) were 
IEM-LDs and 9 (6%) IEM-others. Of the 91 diagnoses that 
required further confirmation, 87 (96%) represent IEM-LDs 
and 4 (4%) IEM-others (Table 2). The mean age of the 242 
patients (confirmed and or to be confirmed) ranged from 9.5 
(±12) years for IEM-LDs and 6.3 (±11) years for IEM-others. 
140 (58%) patients were male and 102 (42%) females.188 
(78%) patients were from Brazil, followed by 20 patients from 
Ecuador (8%), 16 patients from Algeria (7%), 9 patients from 
Colombia (4%), 6 patients from Argentina, Mexico and Peru 
with 2 patients each (2%) and 3 patients from Chile, India and 
Sudan with 1 patient each (1%). The Brazilian patients were 
mainly from the Southeast (41%), South (28%), Northeast 
(20%), Midwest (7%), and North (4%) (Figure 1).

Among the diagnoses of IEM-LDs, the 
mucopolysaccharidoses (MPS) represent 51% (77) of 
the confirmed diagnoses and 52% (45) of those requiring 
confirmation. Of the IEM-others, 44% (4) are from patients 
confirmed with type I tyrosinemia and 75% (3) patients with 
possible congenital disorders of glycosylation (to be confirmed).

In TIME B, 158 patients were diagnosed for 32 different 
types of IEM. Of these, 99 (63%) were confirmed and 59 
(37%) required confirmation in an additional sample. Of the 
99 confirmed patients, 91 (92%) are IEM-LDs and 8 (8%) are 

IEM-others. Of the 59 diagnoses that required confirmation, 
56 (95%) represent IEM-LDs and 3 (5%) IEM-others (Table 
2). The mean age of the 158 patients (confirmed and or to 
be confirmed) ranged from 8.5 (±12) years for IEM-LDs 
to 1.2 (±3.2) years for IEM-others. 81 (51 %) patients were 
male and 77 (49%) females. 124 patients were from Brazil 
(79%) followed by 14 patients from Ecuador and Mexico 
with 7 patients each (9%), 9 patients from Colombia (6%), 
5 patients from Algeria (3%), 4 patients from Mozambique, 
Peru, Dominican Republic and Uruguay with 1 patient each 
(2%) and 2 patients from Chile (1%). The Brazilian patients 
were mainly from the Southeast (36%), South (25%), Northeast 
(25%), Midwest (7%) and North (7%) (Figure 2).

Among the diagnoses of IEM-LDs, MPS represented 48% 
(44) of the confirmed diagnoses and 36% (20) of those 
requiring confirmation. Of the IEM-others 37% (3) are from 
patients confirmed with Smith-Lemli-Opitz Syndrome.

Comparing both periods we can observe that the number 
of diagnoses was reduced by 34% (confirmed and/or to be 
confirmed) with a reduction of 36% in the confirmed cases 
and 34% of cases needing a confirmation. In the case of 
IEM-others the reduction in the number of diagnoses was 
of 11% in confirmed cases and 25% for cases that required 
confirmation. In both periods analyzed, MPS (all subtypes 
combined) represented the most frequent IEM-LDs confirmed 
and/or to be confirmed. For the confirmed diagnoses for IEM-
others the most frequent disorders were type I tyrosinemia 
in TIME A and Smith-Lemli-Opitz Syndrome in TIME B.

The tests requested for the investigation of IEM-LDs 
had a total reduction of 48%. The most striking reduction was 
in the tests for the investigation of MPS type III (IIIC<84%, 
IIID<83%, IIIA: <82%; IIIB: <80%). The assay with a 
smaller reduction of request was the chitotriosidase enzyme 
assay (19%) and the assay for the analysis of the lysosomal 
acid lipase (16%). There was no reduction in the number 
of requests for the investigation of α-fucosidase and α-N-
acetylgalactosaminidase (2 and 5 requests, respectively). 
There was an increase of 50% in the number of requests 
for the β-mannosidosis assay (from 2 to 4) and of 5% for 
α-galactosidase A assay (Table 2).

In the tests requested for the investigation of IEM-others, 
the total reduction was 28%. The greatest reductions were the 
Erlich test (<50%) and the assay of orotic acid (<44%). The 
assay for classic galactosemia, by the measurement of the 
activity of galactose-1-phosphate uridyl transferase had the 
smallest reduction (<23%) and the requests for the investigation 
of biotinidase increased by 11% (Table 2).

It is important to emphasize that in Brazil very few 
laboratories perform the investigation of IEM and that the 
LIEM is the reference center for these diagnoses. Figures 1 
and 2 show that the LIEM covers all of the Brazilian regions 
and that it also covers some countries in South America, Asia 
and Africa. In regards to the diagnoses performed in samples 
from Brazil (confirmed and/or to be confirmed) there was 
a dramatic reduction of 34% in TIME B. Diagnoses from 
countries such as Algeria and Ecuador were also reduced (69% 
and 65%, respectively). Colombia kept the same number of 
diagnoses in both periods (Figures 1 and 2). 
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Discussion
According to a survey carried out by EURORDIS 

through the Rare Barometer Programme, from April 18, 2020 
to May 11, 2020 with 6,945 respondents in 36 countries in 
Europe with 1,250 different types of rare diseases, 83% of 
patients had some type of interruption in treatment and 6 out 
of 10 patients had no access to diagnoses (blood or imaging 
tests) during the pandemic (EURORDIS, 2020). In Brazil, 
the study by Schwartz (Schwartz et al., 2021) with 1,466 
patients from all regions of the country, 98.8% of patients 
with different rare diseases had treatment interruption due 
to the cancellation of appointments, rehabilitation therapies, 
laboratory tests, transplants and surgeries.

In a study comparing a 3-months period between 2019 
and 2020 in 16 diagnostic and treatment centers for IEM 
in 11 different countries with approximately 8,500 patients 
with IEM, it was shown that the laboratories had a reduction 
of 60% in the number of samples tested and of 80% in the 
number of new diagnoses. This reduction was even larger 
that the reduction we have seen in LIEM-MGS (14% and 
46%, respectively) (Elmonen et al., 2020). The Italian study 
(Limongelli et al., 2021), reports on the difficulty of diagnosing 
in a network for rare disease which covers eight regions of 
Italy, showing a 32% reduction (1272 to 774 patients), this 
is also higher than the reduction seen at our center.

Unfortunately, the IEM were not the only underdiagnosed 
diseases in this period. In the Jiangsu Province, China, 
tuberculosis notifications from January to May 2020 were 
reduced by 36% when compared to the same period in 2019 
(Liu et al., 2020). In the provinces of Daegu and Gyeongbuk, 
the epicenter of COVID-19 in South Korea, tuberculosis 
notifications decreased by 23% (Kwak et al., 2020). In Poland, 
the number of preliminary diagnoses of cancer in 2020 dropped 
by 31% compared to 2019 (Maluchnik et al., 2021). In the 
US, a cross-sectional study with more than 278,000 patients 
revealed that the number of cancer diagnoses was reduced by 
46% during the COVID-19 pandemic (Kaufman et al., 2020).

Our group had already established the estimated 
frequency of LDs in Brazil in a study analyzing all diagnosis 
of IEM made at the LIEM from 1982 to 2015 in which 
72% of these diagnoses were represented by IEM-LDs and 
27% of these were mucopolysaccharidoses (Giugliani et al., 
2017). Our current results show that IEM-LDs continues to 
be the most prevalent conditions representing 95% of the 
total confirmed and to confirm diagnoses during TIME A 
and 93% during TIME B, and that MPS still represent the 
most prevalent groups of diseases.

The drastic reduction in the number of requests for 
the investigation of MPS III can be explained by the usual 
diagnostic challenge, particularly in the early disease stages 
that can sometimes be confused with autism spectrum 
disorder, delaying the diagnosis of this disorder regardeless 
the COVID-19 pandemic (Wittkowski and Hare, 2017; 
Irigonhê et al., 2020). Other factors, as the establishment of 
alternative industry-sponsored diagnostic programs, may 
also be involved.

There was also a decrease in the number of requested 
tests for the diagnosis of IEM-LDs and IEM-others (48% and 
28%, respectively). This smaller reduction in the number of 
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Table 2 – Comparison of number of diagnoses corfirmed and to be confirmed performed by LIEM-MGS during TIME A and TIME B.

Disorder
Time A Time B

Confirmed To be confirmed Confirmed To be confirmed

α-Mannosidosis 1 0 0 0

Congenital disorders of glycosylation (CDG) 0 3 0 1

Biotinidase deficiency 2 0 2 0

Lysosomal acid lipase deficiency / Wolman 1 1 0 1

Fabry disease 4 0 2 0

Classic Galactosemia 2 0 1 1

GM1 gangliosidosis / Galactosialidosis / MPS IVB 0 7 0 5

GM1 gangliosidosis / Galactosialidosis 0 3 0 4

GM1 gangliosidosis 0 0 4 0

Galactosialidosis / MPS IVB 0 1 0 0

Galactosialidosis 1 0 0 0

Gaucher disease 18 2 10 2

Krabbe disease 8 1 5 0

Neuronal ceroid lipofuscinosis (CLN1) 4 0 1 0

Neuronal ceroid lipofuscinosis (CLN2) 5 6 10 14

Mucolipidosis I/II 0 8 0 2

Metachromatic leukodystrophy 7 0 3 0

Metachromatic leukodystrophy / Pseudo Arylsulfatase A deficiency 0 4 0 0

Metachromatic leukodystrophy / Multiple sulfatase deficiency 0 3 0 1

Mucopolysaccharidosis Types I,II,VII 0 3 0 1

Mucopolysaccharidosis Type I 8 2 3 1

Mucopolysaccharidosis Type II 27 9 8 1

Mucopolysaccharidosis Type IIIA 5 0 3 0

Mucopolysaccharidosis Type IIIB 7 10 3 0

Mucopolysaccharidosis Type IIIC 5 4 0 2

Mucopolysaccharidosis Type IIID 0 0 1 0

Mucopolysaccharidosis Type IVA 12 18 9 11

Mucopolysaccharidosis Type IVB 0 0 0 0

Mucopolysaccharidosis Type VI 11 2 17 4

Mucopolysaccharidosis Type VII 2 0 0 0

Niemann-Pick A disease 2 0 3 0

Niemann-Pick B disease 2 0 2 0

Niemann-Pick A and B disease 1 0 0 1

Pompe disease 6 0 0 1

Porphyria 0 1 0 0

Sandhoff 1 1 0 0

Sialidosis 1 0 0 0

Smith Lemli Optiz Syndrome 1 0 3 0

Tay-Sachs 0 1 4 2

Tay-Sachs B1 3 1 3 3

Type I Tyrosinemia 4 0 2 1

Total 151 91 99 59
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tests requested for IEM-others as the drop in the average age 
from 6.3 to 1.2 years in patients with other types of IEM may 
be explained by the acute and more severe manifestations 
(generally neonatal or infantile) and also because of the Federal 
newborn screening program that screens for diseases such as 
galactosemia and biotinidase deficiency.

When we compare the diagnoses geographically, we 
do not observe a great variation in the distribution within the 
Brazilian regions. The reduction in the number of samples sent 
from other countries, such as Algeria (<69%) and Ecuador 
(<65%) can be explained probably due to the borders being 
closed during the pandemic. A questionnaire filled by physicians 
in the Saab study suggests that in countries such as Algeria, 
the abandonment of cancer treatment by some patients may 
be related to limitations in locomotion to treatment centers 
and the socio-economic impact of the COVID-19 pandemic 
in these families (Saab et al., 2020).

Our data indicate that in TIME B (COVID-19 period) 
there was a dramatic reduction in the number of test requests 
for the diagnosis of IEM and, consequently, in the number of 
diagnoses compared to TIME A (the period immediately before 
COVID-19). As there is no meaningful reason for a drop in 
the actual number of IEM cases, we conclude that during the 
COVID-19 pandemics there was a significant underdiagnosis 
of IEM. Health authorities should act to mitigate these negative 
impacts of the COVID-19 pandemic as IEM patients need to 
be promptly diagnosed and regularly monitored in order to 
benefit from the specific and general management measures 
available for these conditions. 
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Figure 1 – Patients distribution according to country and distribution of the Brazilian patients according to the Brazilian regions during TIME A.



COVID-19 impact on IEM 7

 

Conflict of Interest
The authors declare that they have no conflict of interest.

Author Contributions
FMS, KMT and MB conceived this study; FMS 

performed formal analysis and wrote the manuscript; RG 
and MB supervised the study and fully revised the document; 
FMS, KMT, FB, FFL, IM, FK, RG and MB contributed to 
the investigation and data collection. All authors read and 
approved the final version.

References
Araujo DB, Rahal R, Machado G, Amgarten DE, Araujo GG De, 

Monteiro CO, Candido ED, Soares CP, Menezes FG de, 
Carolina A et al. (2020) SARS-CoV-2 isolation from the first 
reported patients in Brazil and establishment of a coordinated 
task network. Mem Inst Oswaldo Cruz 115:e200342. 

Da Silva LLS, Lima AFR, Polli DA, Razia PFS, Pavão LFA, De 
Hollanda Cavalcanti MAF and Toscano CM (2020) Social 
distancing measures in the fight against covid-19 in Brazil: 
Description and epidemiological analysis by state. Cad Saude 
Publica 36:e00185020. 

Elmonem MA, Belanger-Quintana A, Bordugo A, Boruah R, Cortès-
Saladelafont E, Endrakanti M, Giraldo P, Grünert SC, Gupta N, 
Kabra M et al. (2020) The impact of COVID-19 pandemic on 
the diagnosis and management of inborn errors of metabolism: 
A global perspective. Mol Genet Metab 131:285-288. 

Giugliani R, Federhen A, Michelin-Tirelli K, Riegel M and Burin M 
(2017) Relative frequency and estimated minimal frequency of 
lysosomal storage diseases in Brazil: Report from a reference 
laboratory. Genet Mol Biol 40:31-39. 

Irigonhê ATD, Moreira AMT, do Valle DA and Santos MLSF (2020) 
Mucopolysacaridosis type IIIB misdiagnosed as an autistic 
spectrum disorder: A case report and literature review. Rev 
Paul Pediatr 39:e2019397.

Ismail IT, Showalter MR and Fiehn O (2019) Inborn errors of 
metabolism in the era of untargeted metabolomics and 
lipidomics. Metabolites 9:242.

Kaufman HW, Chen Z, Niles J and Fesko Y (2020) Changes in the 
number of US patients with newly identified cancer before and 
during the Coronavirus disease 2019 ( COVID-19 ) Pandemic. 
J Am Med Assoc. 8:e2017267. 

Kwak N, Hwang S and Yim J (2020) Effect of COVID-19 on 
tuberculosis notification, South Korea. Emerg Infect Dis 
26:2506-2508.

Lampe C, Dionisi-Vici C, Bellettato CM, Paneghetti L, van Lingen 
C, Bond S, Brown C, Finglas A, Francisco R, Sestini S et al. 
(2020) The impact of COVID-19 on rare metabolic patients 
and healthcare providers: Results from two MetabERN surveys. 
Orphanet J Rare Dis 15:341. 

Leoni C, Giorgio V, Onesimo R, Tarani L, Celli M, Selicorni A and 
Zampino G (2020) The dark side of COVID-19: The need of 
integrated medicine for children with special care needs. Am 
J Med Genet Part A 182:1988-1989. 

Limongelli G, Iucolano S, Monda E, Elefante P, De Stasio C, Lubrano 
I, Caiazza M, Mazzella M, Fimiani F, Galdo M et al. (2021) 
Diagnostic issues faced by a rare disease healthcare network 
during Covid-19 outbreak : Data from the Campania Rare 
Disease Registry. J Public Health DOI: 10.1093/pubmed/
fdab137. 

Liu Q, Lu P, Shen Y, Li C, Wang J and Zhu L (2020) Collateral Impact 
of the Coronavirus Disease 2019 ( COVID-19 ) Pandemic on 
tuberculosis control in Jiangsu. Clin Infect Dis 73:542-544. 

Maluchnik M, Podwójcic K and Więckowska B (2021) Decreasing 
access to cancer diagnosis and treatment during the COVID-19 
pandemic in Poland decreasing access to cancer diagnosis and 
treatment during the COVID-19. Acta Oncol (Madr) 60:28-31.

Mistry P, Balwani M, Barbouth D, Burrow TA, Ginns EI, Goker-Alpan 
O, Grabowski GA, Kartha R V., Kishnani PS, Lau H et al. 
(2020) Gaucher disease and SARS-CoV-2 infection: Emerging 
management challenges. Mol Genet Metab 130:164-169. 

Saab R, Obeid A, Gachi F, Boudiaf H, Sargsyan L, Al-Saad K, 
Javakhadze T, Mehrvar A, Abbas SS, Abed Al-Agele YS et al. 
(2020) Impact of the coronavirus disease 2019 (COVID-19) 
pandemic on pediatric oncology care in the Middle East, North 
Africa, and West Asia region: A report from the Pediatric 
Oncology East and Mediterranean (POEM) group. Cancer 
126:4235-4245. 

Schwartz IVD, Randon DN, Monsores N, Moura de Souza CF, 
Horovitz DDG, Wilke MVMB and Brunoni D (2021) SARS-
CoV-2 pandemic in the Brazilian community of rare diseases: 
A patient reported survey. Am J Med Genet Part C Semin Med 
Genet 187:301-311. 

Wittkowski CWA and Hare DJ (2017) Symptoms of autism spectrum 
disorder (ASD) in Individuals with Mucopolysaccharide 
disease type III (Sanfilippo syndrome): A systematic review. 
J Autism Dev Disord 47:3620-3633

Internet Resources 
BRASIL, Ministério da Saúde (2020a) Coronavírus: Brasil confirma 

o primeiro caso da doença, https://www.unasus.gov.br/
noticia/coronavirus-brasil-confirma-primeiro-caso-da-doenca 
(accessed 06 June 2021).

BRASIL, Ministério da saúde (2020b) Painel Coronavírus, https://
covid.saude.gov.br/ (accessed 22 July 2021).

EURORDIS (2020) How has COVID-19 impacted people with rare 
diseases? https://www.eurordis.org/publication/how-has-covid-
19-impacted-people-rare-diseases-0 (accessed 08 June 2021).

WORLD HEALTH ORGANIZATION (2020) Coronavirus disease 
2019 (COVID-19) Situation Report – 51, 11 March 2020, https://
www.who.int/docs/default-source/coronaviruse/situation-
reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10 
(accessed 01 June 2021). 

Associate Editor: Carlos F. M. Menck

License information: This is an open-access article distributed under the terms of the Creative 
Commons Attribution License (type CC-BY), which permits unrestricted use, distribution 
and reproduction in any medium, provided the original article is properly cited.

https://www.unasus.gov.br/noticia/coronavirus-brasil-confirma-primeiro-caso-da-doenca
https://www.unasus.gov.br/noticia/coronavirus-brasil-confirma-primeiro-caso-da-doenca
https://covid.saude.gov.br/
https://covid.saude.gov.br/
https://www.eurordis.org/publication/how-has-covid-19-impacted-people-rare-diseases-0
https://www.eurordis.org/publication/how-has-covid-19-impacted-people-rare-diseases-0
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10

