EMERGENCY MYELOPOIESIS, CLINICAL CHARACTERISTICS AND PRE-CONDITIONS AS
PREDICTIVE OUTCOME SIGNATURES FOR SEVERE COVID-19 YOUNG PATIENTS IN MEXICO
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ABSTRACT

INTRODUCTION

MATERIALS AND METHODS

More than a half of COVID-19 reported deaths Mexico is one of the countries with the highest excess of mortality due to COVID-19 and pre-existing metabolic conditions of the The study was conducted on a prospective
N Mexico and 63% hospitalizations are population, which makes it challenging to resolve acute infections that largely depend on the prompt response of a functional cohort of 245 COVID-19 patients (‘Atlixco
register in adults younger than 65 years old hematopoietic system. Cohort), confirmed by a positive real-time
(yo), with an important rise at ages 40-50. Of The reduction of fatality rates in vulnerable regions of the world requires a comprehensive understanding of the relationship polymerase chain reaction (PCR)
importance, 6/7/% of individuals who died to between the development of severe forms of COVID-19 and comorbidities. Male sex, older age, obesity, diabetes, and chronic nasopharyngeal test for SARS-CoV-2 or COVID-
COVID-19 had at least one preexisting chronic kidney diseases have been highlighted as important risk factors of COVID-19 poor outcomes worldwide. 19 Ag rapid test, who were treated and
disease and almost 40% had two or more. Previous studies focusing on the association between metabolic diseases with severe COVID-19 on admission have hospitalized at the Hospital General de Zona 5
Mexico, as many countries in Latin America, underscored the urgent need for stratification profiles for vulnerable populations in Mexico, as about 74% of individuals who or the Hospital General de Zona 20, the two
has a large burden of pre-existing metabolic died of COVID-19 had at least one preexisting chronic disease, and the relative risk of COVID-19 death (RRd) contributed by IMSS-reference  hospitals  for COVID-19 in
diseases, leading overweight/obesity (71.3%) having any comorbidity in Mexicans at different ages, has shown that RRd of pre-existing disease decreased sharply with age. Puebla, Mexico; followed through time, for the
and diabetes (15.7%). Importantly, middle aged-adults in Mexico are the population with higher CFR and mortality compared to very high-income period October, 2020-September, 2027. No

countries, with more than half of reported deaths occurring in this group.

We evaluate the contribution of clinical

Incidence of COVID-19 cases

patients needing invasive mechanical ventilation
were included in the study. Patients who had

Ackowledgments

(GZH and RRR acknowledge the scholarship provided by CONACYT. The authors acknowledge the Oncoimmunology and
Cytomics Lab members for critical assistance, and the professional staff from COVID-19 reference hospitals at IMSS.
To the Benemerita Universidad Autonoma de Puebla and remarkably to the IUIS who provided the scholarship for

IMMUNO-Zambia course

LABORATORIO DE CITOMICA 0
e -‘- =
diyeek : OQ 0

International U fl | | Societi tfh’:i,’-i"
nternational Union of Immunological Societies DEL CANCER INFANTIL CONACYT

References

Dominguez-Ramirez, Lenin; Rodriguez-Perez, Francisco; Sosa-Jurado, Francisca; et al. The role of metabolic comorbidity in COVID-19 mortality
of middle-aged adults . The case of Mexico. medRxiv Prepr [Internet]. 2020;1-30. Available from:
https://www.medrxiv.org/content/10.1101/2020.12.15.20244160v2.full

Balandran JC, Zamora-Herrera G, Romo-Rodriguez R, et al. Emergency Hematopoiesis in the Pathobiology of COVID-19: The Dark Side of an
Early Innate Protective Mechanism. J Interf Cytokine Res. 2022;00(00):1-13.

Schulte-Schrepping J, Reusch N, Paclik D, et al. Severe COVID-19 Is Marked by a Dysregulated Myeloid Cell Compartment. Cell.
2020;182(6): 1419 440.e23.

Avilés-Santa ML, Monroig-Rivera A, Soto-Soto A, et al. Current State of Diabetes Mellitus Prevalence, Awareness, Treatment, and Control in
Latin America: Challenges and Innovative Solutions to Improve Health Outcomes Across the Continent. Curr Diab Rep. 2020;20(11).

Torres-Ruiz J, Pérez-Fragoso A, Maravillas-Montero JL, et al. Redefining COVID-19 Severity and Prognosis: The Role of Clinical and
Immunobiotypes. Front Immunol. 2021;12(September):1-13.

Welner RS, Pelayo R, Kincade PW. Evolving views on the genealogy of B cells. Nat Rev Immunol. 2008;8(2):95-106.

Vadillo E, Taniguchi-Ponciano K, Lopez-Macias C, et al. A Shift Towards an Immature Myeloid Profile in Peripheral Blood of Critically Il COVID-
19 Patients. Arch Med Res. 2021;52(3):311-23.

Reusch N, De Domenico E, Bonaguro L, Schulte-Schrepping J, BaBler K, Schultze JL, et al. Neutrophils in COVID-19. Front Immunol.
2021;12(March):1-9.

characteristics  and  pre-conditions  to 1200+ . (Confirmed cases / Country population) = T received SARS-CoV-2 vaccination, or who had
emergency hematopoiesis and immune Sl = previous SARS-CoV-2 infections, were excluded.
response, in a prospective cohort with 245 800- 1019 The age-stratified case fatality rate (CFR) was
hospitalized COVID-19 patients, from October, 2029 calculated. Cellular and inflammatory
2020 - September, 2021. 3 400- jzjz parameters were exhaustively investigated in
_tCU o B blood samples by laboratory  test,
Fatal outcomes were marked Dby an j e .s/ m 60+ multiparametric  flow cytometry, multiplex
inflammatory landscape, leading to g 02 I3 N immunoassays and mass citometry.
. . . 1 1 1 1 1 A
imbalanced emergency myelopoiesis. 2> g S W WY Y
T S age group
==
h [ ]
S O — with comorbidity Case Fatality Rate (CFR)
AI M S Q 600' -= no comorbidity CFR = (Number of deaths * 100) / Confirmed cases
E category
Generate a comprehensive understanding of "g 400- 0099
the COVID-19 clinical spectrum in Mexico for G ;;z s
S’ £
crucial intervention to prevent the evolution 200- i 5 ‘\“ B | *
towards severe disease. 449 ‘ "_ w - -
M 579 7
0-'4 .o t 4
age group
Obtained from: Dominguez-Ramirez L, et al; 2020
Atlixco cohort demographics and outcomes Increase of COVID-19 fatality and poor prognosis risk by pre-existing conditions
Survivors Non-survivors
Survivors  Non-Survivors  Survivors  Non-Survivors Survivors  Non-Survivors  Survivors  Non-Survivors Combination of 2 or  comorbidites
10% under 65 under 65 over 65 over 65 under 65 under 65 over 65 over 65 . -
° be N Chronic comorbidities are
ezt I kheart Failure i i
. higher in ounger
37% 21% 329 | DI-EIbE'FE'E CFF prior to admirrion 2" ogulatiODS For ' O|§er
45%, .ﬁ.rterlallgpe;rte;m-:-n IHO 5 POP | . X
yslipidemia CvD g +] populations, age is the most
55% Fa& dizeaze Lymphoma © : - -
i 40% 63% Smoking Lupus ‘BN /:/___,,_. |mportant RRd, while in
64% Epilep=y Downs syndrome S patients younger than 65 yo
CICOM M. of comorbilities o e the presence of more than 1
corn Me comerbidity l ~ WT+Dibetes —HT+okD  — basews+ck0  COMOrbidity increases
Hepatic cirhosis Neutrophils 275 Lymphocytes <17 Ol T DA O bty importantly the RRd, and
[ :;(65 |d<65 m Female Male m Survivors = Non-Survivors <65 l|>65 u <$5 u :I)(?S SHHPEtthDi'jiE"“ CKD +Diabe|t-|eTs+|;I'T|; ::ompggatipt;- —= 1 —= also in combination with
r r + Diabetes + Obesity— : . : i
ears o Years old earso Eagtmnl'ujzﬂedee:gijjz;er Slabetas ;.Ipf%slitg_ﬂ | . 1 . | some hematological values
. . . . Salid tumor HtIrT++D?atL‘::stg: *: ! 1 -
Inflammatory profile in non-survivor patients under 65 yo Aot lver e S A — L
pbesity- — i - — .
SCE IL-6 IL-8 ' Dlabet:ﬁ_: —,— . '—:I—'
280 - 351 . ﬁ{ - None comorbidity- '—._'] . 1 - '—-—'i : I—
i N 0 1 2 35 10 H 2 -
o] o “] | T R =, Unsupervised clustering analysis
=4 5p4 = = ° o
e | $ri° 9. ° of mass cytometry data reveals neutrophils related to severe COVID-19 and co-expression of CXCR3
* * - 4
5
s 2 . SUrvivor AT _ HLA-DR CD24 | e HLA-DR w52 CD24
PRE. L m i : L u-—; ; * ﬂ 0 %f é m @ [ﬁ - ) E __ R w Non-survivor_D1 e -
Mealtny Admiasion 7d Conval Healthy  Admizaken Conval Healthy Admission Td  Conval T % BE B v o > ]
| & Lo B Fo T e e o fmecne i ? 5
Myeloid emergency hematopoiesis is present in non-survivor middle-aged o I Vo e - S =4 Py e o
patients with important immunophenotype changes ' TS T T TR T e L G, T TR, T
Neutrophils Lymphocytes Monocytes i PD-1 e i g, CXCR3 PD1
- . T ~ Neutrophils -~ * : =
w00, . ® 50 . I - 7 W TR S L €D8
E. - %% : s % :;_ R ) : : e — : =k B -;52 519 — 42,90 2261 =
g a0 T . gm_ : #: M - -113.5 tSII"EiEQX 836 1493 ah % ; LEMIE :
= L = 1 - e 1 L Re e T T T 2223 2taz i '
E- G0 : - E-x_ % j: : . 1135 47.3 tgﬁjé . 836 1493 Rl -EEED fq?ﬂ? y 4z 0 o FSME X
of L LML B u ﬁ ' il - HLA-DR ¢ HLA-DR CD24
. Heallthy A-;lmiulk:n I 7d I Carlwal g Healﬂn_.r Admission Conval ¢ ;Iua;thy A-;lmhanbun fd Cm;ual - - : “‘ e A - . ﬁ ,E\. 1 NOH-SUI’V]VOI’_DZ . . . . _
® Healthy @ Survivor @ Non-survivor 123,01 ;_n_ G ar % . 156,91 % S Lo & "“-?‘EN .
Dysfunctional phenotype in myeloid cells of NS under 65 YO patients. In survivors with ' i TR et B o - = A i N TN
onolOne- comorbidity the presence of DC is likely to be link for good prognosis - - | R o e " - :
onocytes - | e —— e A——————— ~,Ce s | | | ) | s _
Neutrophlls ' cDC CD11c cells i x{ . M: 1147 Eiz tSFjE y -=. 138 = 114.7 513 tS[I\JE . 138.2 : ot eE X | | tSP:E } |
. E E‘ % 11.7 \"I'ﬁ_ ",,,{ ) C)(CPB PDl E 2 134,39 {:KCRB PDl
£ 05+ 2 061 - = o 1095
—_ % 044 ¢ E h ] Rt - B aﬁ 5 s o s - JI'_.;:H; -
::x 20000 : %0.3- 30‘4— . -?9..:.—_ ._». . N e . -96,51 % ﬁ . :_‘1 % e
] - Emm_ . : : I ggf: i 1 %:0.2_ : _ % . “ih | | _:. _;.? 5 % . o ;ri, oL 2
:: =mm- I : ] EU'O e e ) %‘,’0‘0 ' l ‘ é ot _146l‘1114.? ' 12‘.3 '.-'5‘.? ' ' ' 13~'3.2 —iae, . | 194\9193'3 956 tsﬁfx 1000 B B | | LI | | | L |
- i 20000 Healthy Admission w Healthy Admission 7d tSMNE X citar tS;j;'}{' : L. I T T T ] e : FSNE X ' e FSME ¥
; i =, o , . T e x
o h! Fyre— comeal Hoainy  Admisson = camal o Healthy m Survivor none comorbidity B Non-survivor with comorbidity

CONCLUSION

Comorbidities increased the development of imbalanced myeloid phenotype,
rendering middle-aged individuals unable to effectively control SARS-CoV-2.
Chronic comorbidities are a serious problem in Latin America, and especially in
Mexico, this provides a pro-inflammatory microenvironment prompt to evolve
into severe COVID-19 or fatal outcomes when the infection is established.

The identification of pre-existing health conditions in combination with cell
populations can help to create predictive signatures and targets against
COVID-19.




