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Abstract  Sepsis  and  septic  shock  associated  with  tuberculosis  are  such  critical  diseases  that

are life-threatening  to  the  patient.  TB  bacteremia  has  been  associated  with  sepsis  and  septic

shock, especially  in immunosuppressed  patients  with  high  mortality.  In  this  sense,  it  has  been

seen that  1  in  4  patients  infected  with  human  immunodeficiency  virus  (HIV)  hospitalized  for

sepsis had  TB bacteremia.  Acute  forms  of tuberculosis  can  progress  in severity  and  between  1

and 3% of  cases  require  an  Intensive  Care  Unit  (ICU)  and  high  mortality.  Given  this  scenario,

the authors  consider  it  pertinent  to  carry  out  this  Review  article,  which  allows  a  diagnostic  and

therapeutic  approach  to  this  acute  form  of  TB to  provide  key aspects  of  the  disease  that are

decisive  in  saving  the  lives  of  patients  in critical  condition.
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PALABRAS  CLAVE
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Shock  séptico;
Tuberculosis;
Tuberculosis  aguda

Sepsis  y shock  séptico  asociado  a  la tuberculosis  «tifobacilosis  de  Landouzy»: un

oscuro  e impredecible  enemigo,  de  la fisiopatología  a  las  implicaciones  clínicas

Resumen  La  sepsis  y  el shock  séptico  asociados  con  la  tuberculosis  (TB)  son  enfermedades

críticas  que  ponen  en  peligro  la  vida  del  paciente.  La bacteriemia  por  TB  se  ha  asociado  con

sepsis y  shock  séptico,  especialmente  en  los  pacientes  inmunodeprimidos  con  alta  mortalidad.

En este  sentido,  se  ha  visto  que  uno  de  cada  4 pacientes  infectados  por  el virus  de  la  inmun-

odeficiencia  humana  (VIH)  hospitalizados  por  sepsis  presentaba  bacteriemia  tuberculosa.  Las

formas agudas  de  TB pueden  progresar  en  gravedad  y  entre  el 1 y  el  3%  de los casos  requieren

una unidad  de  cuidados  intensivos  (UCI)  y  una  alta  mortalidad.  Ante  este  escenario,  los autores

consideran pertinente  realizar  este  artículo  de revisión,  que  permita  un  abordaje  diagnóstico  y

terapéutico  de  esta  forma  aguda  de TB  para  brindar  aspectos  claves  de  la  enfermedad  que  son

decisivos para  salvar  la  vida  de los  pacientes  en  estado  crítico.

© 2024  Asociación  Colombiana  de  Medicina  Cŕıtica  y  Cuidado  lntensivo.  Publicado  por  Else-

vier España, S.L.U.  Se reservan  todos  los derechos,  incluidos  los de  mineŕıa de  texto  y  datos,

entrenamiento  de  IA  y  tecnoloǵıas  similares.

Introduction

Sepsis  is  a  clinical  condition  that  causes  a large  burden  of
mortality  around  the world  and  is  considered  a challenging
problem  for  global  public  health.  In this  sense,  it has  been
estimated  that  approximately  11 million  deaths  are caused
by  sepsis1; insofar,  as  sepsis  is  responsible  for  20%  of global
mortality.1 By 2017,  the burden  of  the disease  approaches
48.9  million  cases.1 Tuberculosis  (TB)  is  a well-recognized
pathology,  described  as  one  of  the  oldest  infectious  dis-
eases  of humanity.  However,  it  remains  one  of  the  main
causes  of  mortality  and  a  public  health  problem,  due  to  its
excessive  morbidity  and mortality.  According  to the  World
Health  Organization  (WHO),  in the  period  2000---2021,  about
1.4---2  million  people  have died  from  TB  each year.2 For  the
year  2021,  a disease  burden  of  1.64  million  and  2 million
deaths  have  been  reported  among HIV-negative  and  positive
patients.2 More  than  500,000  cases  of multidrug-resistant  TB
are  reported  each  year.3 According  to  the  US MMWR,  TB  has
a  prevalence  of 2.64  million  and  a  mortality  of 1.5  million,
being  classified  as  one of the most  feared  infectious  diseases
with  the  highest  mortality.4

TB  bacteremia  has  been  associated  with  sepsis  and  sep-
tic  shock,  especially  in  immunosuppressed  patients.5,6 In
this  sense,  it has  been  seen  that  1 in 4  patients  infected
with  human  immunodeficiency  virus  (HIV)  hospitalized  for
sepsis  had  TB  bacteremia.7 Acute  forms  of tuberculosis  can
progress  in severity  and  between  1 and  3% of  cases  require
an  Intensive  Care  Unit  (ICU).8 A  systematic  review  included
35  studies  with  1815  patients  hospitalized  for  TB; of  which,
3.4%  required  admission  to  the ICU  and  had  a mortality
of  48%  [95%;  IQ:  1.6---5.7%].9 On the other  hand,  it  has
been  revealed  that  mortality  in  patients  admitted  to  the
ICU  for  TB  who  require  mechanical  ventilation  is  close  to
33---67%.10---12 Likewise,  Kethireddy  et al.,13 report  that  sep-
sis  and  septic  shock  associated-tuberculosis  (SSTB)  is  1%
of cases.13 In this context,  SSTB is  uncommon  in  clinical
practice  and  is  therefore  a rule  out diagnosis,  other  more
common  bacterial  causes  are  taken  into  consideration  at

the  time  of  diagnosis,  which determines  that  TB  sepsis  is
barely  described  and addressed.  Therefore,  SSTB  is  a  clinical
condition  that  threatens  the patient’s  life  if it  is  not  treated
adequately  and  promptly,  and delay  in starting  therapy  may
be  conditioned  by poor  prognosis.14 Furthermore,  due  to  the
time  required  to  identify  Mycobacterium  tuberculosis  and
nonspecific  presentations,  patients  often  die  after  receiving
little  or  no  antimycobacterial  agents.8,15---20 In  this  context,
SSTB  represents  a  challenge  because  the pathogenesis  has
not  yet  been  completely  clarified,  the  difficulty  in taking
samples  for  diagnostic  confirmation,  and  the poor absorption
of  anti-tuberculosis  drugs  in critically  ill  patients.21

Given  this  scenario,  the  authors  consider  it pertinent  to
carry  out  this  Review article,  which  allows  a  diagnostic  and
therapeutic  approach  to  this acute  form  of TB to provide  key
aspects  of the disease  that  are decisive  in saving  the lives
of  patients  in critical  condition.

Brief  pathophysiological  of  tuberculosis
infection

M.  tuberculosis  is  an  acid-alcohol-resistant  bacillus,  whose
predominant  site  of  involvement  is  the lung;  however,  it
can  involve  other  body parts.22 The  disease  begins  when  the
individual  breathes  in micro  aerosols  that  are exhaled  from
the  infected  person  when  they  cough,  sneeze,  or  speak.23

Once  the  bacteria  is  in  the  body,  it migrates  to  the lungs
through  the  respiratory  tract.  In the  lungs,  in the presence
of  M.  tuberculosis  and the  pathogen-associated  molecular
patterns  (PAMPs)  of its  cell  wall,  alveolar  macrophages  are
activated  by  pattern  recognition  receptors  (PRRs),24 which
interact  and  attempt  to  control  its  propagation  by  digesting
the  bacillus;  however,  without  the  necessary  effectiveness
to  eliminate  it.2 In  this  favorable  environment,  the bacil-
lus  takes  advantage  to  multiply,  they  are  released  and are
then  phagocytosed  by  other  alveolar  macrophages,  perpet-
uating  the  cycle.2 TB  encompasses  an aberrant  immune
response  of  lymphocytes,  for  which its  control  is  partial
and  local.  Consequently,  granuloma  formation  has  been
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Figure  1  Granuloma  formation  in  primary  tuberculosis.

Source: own  elaboration.

considered  the prominent  finding  of  pulmonary  TB,25 cha-
racterized  by  an amorphous  and  heterogeneous  collection  of
macrophages  and  other  immune  cells  surrounding  the  tuber-
cle  bacillus,  whose  objective  is  to  stop  its  dissemination.22,26

Mycolic  acids  (MA)  are the  most abundant  component  of
the  cell  wall  of  M. tuberculosis,  which  are essential  for
mycobacterial  growth  and  survival.2,25,27 In immunocompe-
tent  individuals,  the bacteria  survive  by  preventing  the
phagolysosome  from  fusing  to  the  granuloma,  allowing  it
to  survive  for  a  long  time  in a  slowly  replicating  state.2,28

In  this  phase  of  the disease,  known  as  ‘‘latent  infection’’,
the  individual  is  non-infectious  and asymptomatic  (Fig.  1).29

In  a  state  of  granuloma  maturation,  the chaperone  protein
DnaK  of  M.  tuberculosis  induces  M1  macrophages  to  polar-
ize  to  M2,  which  secrete  arginine  (Arg)  and  IL-10,  which
are  immunosuppressive  of the  host’s  immunity,  which  leads
to  a  decrease  in its  containment  capacity.30 The  nucleus  of
the  granuloma  can  necrotize  and  be  lysed  by  other  immune
cells  and  form  the  caseous  granuloma.31 The  caseous  waste
is  used  as  a  source  of  energy  and  nutrients  that  promote
the  growth  of  the  bacillus.2,32 The  rupture  of the  granu-
loma  after  a  long  time  causes  the  progression  of  TB and
its  spread  to  other  parts  of  the body,  which  is  known  as
the  reactivation  of  the  disease  or ‘‘secondary  phase.’’  The
reactivation  state  has  been  described  mainly  in immunocom-
promised  patients,  such as  in HIV  coinfection,  malnutrition,
immunosuppressive  drugs,  alcohol  or  drug abuse,  chronic

kidney  disease,  and malignancy.28 Under  these conditions  of
immune  weakness,  the bacillus  takes  advantage  to  replicate
with  greater  vigor  and  aggression,  causing  lichenification
and  cavitation.2,22,23,33 M.  tuberculosis  spreads  to other
regions  of  the  lung  and leaks  into  capillaries,  resulting  in
transmission  to  other  individuals  and  hematogenous  dis-
semination  to  distant  tissues.2,32 The  pathology  becomes
highly  infectious  and symptomatic,  and  the development  of
granulomas  can  occur  in different  phases;  As  the  disease  pro-
gresses,  three  types  have  been  recognized;  solid,  caseous,
and  necrotic,2,31,34 further  favoring  its  replicative  and infec-
tious  capacity  and  given  by  the  degree  of  limited  response
of  the immune  system.

Overview pathogenesis of SSTB

The  approach  to  the pathophysiology  of  sepsis  is broad
and  complex;  this section  does not  intend  to  provide  an
exhaustive  review,  but  rather  to  offer  the basic  founda-
tions  necessary  to  understand  the pathology.  Therefore,  to
delve  deeper  into  this topic,  the following  references  are
suggested.35,36

Sepsis  is  defined  as  organ dysfunction  that  threatens  the
patient’s  life  due  to an uncontrolled  immune  response,36,37

with  physiological,  and  biochemical  alterations  of  the
host.36 It  is  conceived  as  the aberrant  and  severe  systemic
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Figure  2  Pathogenesis  of  sepsis  associated  with  tuberculosis.

Source:  own  elaboration.

inflammatory  response,  which  causes  the collapse  of  the
cellular  and metabolic  machinery,  favoring  dysfunction  of
vital  systems  in  the face of  an exogenous  or  endogenous
stimulus.35---37

In SSTB,  the  immune  state  plays  a transcendental  role
in  the  pathogenesis  of  the disease.  However,  how  the
immune  status  influences  the  host---pathogen  interaction  is
complex  and  not fully  understood.20 HIV  is  the most  impor-
tant  factor  in  the  development  and progression  of  SSTB;
some  clinical  studies  have  provided  evidence  to  support
that people  living  with  HIV  and  M.  tuberculosis  have  20---30
times  increased  risk  of developing  active  tuberculosis,  com-
pared  to  people  without  HIV  infection,38 since  it  favors  an
immunosuppressive  microenvironment  for  M. tuberculosis

due  to the  critical  role  played  by  LT  and  the  modulation  of
the  innate  and  adaptive  immune  system,  which contribute
substantially  in preventing  the  spread  of  M.  tuberculo-

sis  to  other  body  parts;  Furthermore,  the development  of
active  TB is  significantly  higher  during the early  phase  of
HIV  infection.39,40 This  can be  supported  by the  rapid  and
advanced  clinical  course,  given  by  the deficient  cellular
response  that  generates  a  reduced  inflammation  with  the
presence  of  some  granulomas,  more  intense  necrosis,  and  a
greater  load  of  the  bacillus.40 Similarly,  it has  been  observed
that  DnaK  induces  the polarity  of  M1  macrophages  to  M2
macrophages,  and  these  express  Arg and  IL-10,  which  sup-
press  host  immunity.30,41

Disseminated  TB  manifests  as  very  severe  tuberculosis
sepsis,  which  is  characterized  by  septic  shock  and  severe
multiple  organ  failure.20 SSTB occurs  more  frequently  in
immunosuppressed  patients  that  progress  to  multiple  organ
failure16 but  has  also  been described  in immunocompetent
patients.42 SSTB is  more  strongly  associated  with  miliary  TB,
but  cases  of  tuberculosis  sepsis  without miliary  TB  have  also
been  reported  (Fig.  2).43

It  has been suggested  that  septic  shock  could  be  triggered
by  tumor  necrosis  factor-� (TNF-�),  which is  stimulated
by  lipoarabinomannan,  a  glycolipid  from  the  cell  wall  of
M. tuberculosis  that  attracts  leukocytes  and modulates  the
immune  response.44,45 TNF-�  is  a  cytokine  that  is  present
in  various  physiological  and  pathological  processes  of  the
immune  response.  It  is  recognized  for  its  participation  in
most  infectious  processes  as  an important  proinflammatory
and  pyrogenic  molecule.

M. tuberculosis  produces  lipopolysaccharides  that  can
cause  sepsis,  through  a  mechanism  like  Gram-negative
bacteria,  although  the exact mechanism  is  not yet  well
established.46 It  is  known  that lipopolysaccharides  (LPS)  are
found  in the  outer  membrane  of  the  cell  wall  of  Gram-
negative  bacteria  and  are powerful  microbial  mediators  that
contribute  to  the pathogenesis  of  sepsis  and  septic  shock.
When  they enter  the bloodstream,  they  bind  to  mononu-
clear  cells  and  trigger  the  production  of  proinflammatory
mediators  such  as IL-1,  IL-6,  and  TNF-�, which  stimulates
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subsequent  reactions  in  the endothelial  adhesion  of  neu-
trophils,  which  leads  to  the  transmigration  and  diapedesis
of  these  cells  to  the  inflammatory  site  and  the activation
of  the  coagulation  system  that  ends with  the  formation  of
microthrombi.16,47 For  their  part,  in TB, in a study,  they  were
able  to  demonstrate  that  LPS levels  in severely  ill  patients
were  positively  associated  with  plasma  concentrations  of IL-
6,  IFN-�, and  IL-1�,  while  IL-6  had  a  positive  correlation
with  the  cortisol/DHEA  ratio. Higher  levels  of  circulating
LPS  during  progressive  TB may  emerge  as  a  contributing
factor  to  the  persistence  of  the increased  immunological
endocrine  imbalance  distinctive  of  advanced  disease,  which
could  suggest  a  vicious  cycle  between  LPS,  inflammation,
and  endocrine  imbalance.47 It  has  also  been  proposed  that
mycobacterial  septic  shock  is  triggered  by  the release  of
cytokines  induced  by  systemic  inflammation  of  the  host  in
response  to  tuberculous  antigens.48

Toll-like  receptors  (TLRs)  are  the  most  distinguished  PRRs
in  the  response  to  infectious  microorganisms,  but  their
expression  on  the surface  of  macrophages  does  not  con-
tribute  enough  to  host  defense.24,49 In this  sense,  TLRs  could
be  involved  in  a  decreased  response  of  the immune  system
and  favor  the development  of sepsis.  At  the very  least,  TLR2
and  TLR4  have  been  shown  to  contribute  to  innate  resis-
tance  against  M. tuberculosis,49 but  the evidence  is  still
inconclusive.

Recently,  it  was  shown  that  C-type  lectin  receptors  (CLRs)
are  important  in the recognition  of PAMPs.50 In this  sense,
Mincle-1  is  one  member  and  is  present  on  the surface  of
macrophages  and  its  function  is  to  recognize  the glycolipid
trehalose-6,6′-dimycolate  from  M.  tuberculosis  to  produce
nitric  oxide  (NO)  and  is  necessary  to  induce  an immune
response  in  Th1.41,50,51 In the pathogenesis  of  sepsis, it has
been  seen  that  deregulation  in  the exaggerated  production
of  NO  leads  to  cardiovascular  dysfunction,  bioenergetic  fail-
ure,  and  cellular  toxicity52;  furthermore,  it generates  severe
vasodilation,  causing  hypotension  and permeability  of  the
capillaries,  which leads  to  leakage  of  extracellular  fluid  into
the  third  space,  which  forms  edema  and  ascites.53

For  its  part,  Dection-2  is  also  a CLR  present  in
macrophages,  which  can  recognize  the mannose-covered
lipoarabinomannan  of  M. tuberculosis, exerting  its  bacteri-
cidal  effect  by  stimulating  the secretion  of  proinflammatory
cytokines  by  macrophages.54 It  has  been  observed  that
lipoarabinomannan  is  a chemoattractant  for  leukocytes.
However,  its  role  in the pathogenesis  of  severe  TB  is  not
completely  clear.

In  the  severity  of  tuberculosis  and  the  human  leukocyte
antigen  (HLA),  it has  been  proven  that  the susceptibility  of
TB  is  mediated  by  HLA-I  and HLA-II.55 In  this  sense,  peptides
that  bind  more  slowly  to  class  I alleles;  for example,  HLA-
A*0201,  were  associated  with  a  low  frequency  of  CD8+  T  cells
in  PBMC  from  tuberculosis  patients.  HLA-B  alleles  showed
rapid  off-rates  in peptide  binding  and  restricted  high  num-
bers  (up  to  6%)  of  antigen-specific  CD8+ T cells  in patients
with  pulmonary  tuberculosis.56 Despite  this,  more  research
is  still  necessary  to  understand  the role  of  HLA  in SSTB.

Likewise,  it  has been  suggested  that TB  may  be related
to  endothelial  injury,  through  an  autoimmune  process  fol-
lowed  by  chronic  infection,  triggered  by  the production
of  antibodies  against  mycobacterial  hot  shock  proteins
(HSP65).57 However,  this  may  result  in a  cross-reaction

against  human  HSP65  proteins,  culminating  in endothelial
injury  and  atherogenesis.58 HSP65  is  a superfamily  of pro-
teins  that  respond  to  a  stress  stimulus.  In  animal  models,
it  has  been  shown  that  the inhibition  of  HSP65  affects  IL-
10  and  the activity  of  paraoxonase-1,  which  increases  the
expression  of  IFN-�  and  myeloperoxidase  activity.58 Like-
wise,  it  is  presumed  that the pulmonary  inflammatory  state,
in  general,  can  induce  the  systemic  inflammatory  response,
endothelial  dysfunction,  and destabilization  of atheroma
plaques,  which  have  also  been  related  to  an increased
cardiovascular  risk  in  TB.59 Serum  C-reactive  protein  has
been  correlated  with  TB  load  in sputum,  being  associ-
ated  with  prognostic  evaluation  and  with  a high  risk  of
mortality.60---62 TB increases  the risk  of  thrombosis  since
macrophages  express  tissue  factor  (TF) playing  an essential
role  in coagulation  and inflammation.63 TF  is  a  transmem-
brane  receptor  that  can  bind  to Factor  VII/VIIa  and  triggers
the  extrinsic  coagulation  pathway  when  there  is  vascular
injury.64---68 Likewise,  TF  also  promotes  the  activation  of
protease-activating  receptors  (PAR),  which  have  the power
to  mediate  direct  or  downstream  cell signaling  in  the gener-
ation  of thrombin.69,70 TF  Aberrant  expression  and  activation
of  coagulation  is  a major  cause  of  mortality  associated  with
infection  and inflammation.71 For  direct  action,  M.  tubercu-

losis  through  cell wall  components  can  induce TF  expression
in  macrophages.72---74 At  this point,  it  has been  shown  that
M.  tuberculosis  infection  in  vivo  (H37Rv)  markedly  increases
TF  expression  and  procoagulant  activity  in macrophages  and
endothelial  cells.63,75 Furthermore,  the deposition  of  fib-
rin  in the granuloma  and the  increase  of  cytokines  such as
IFN-�, TNF-�, IL-6,  and  IL-3� in  the lung tissue.63 Likewise,
the  relationship  between  disseminated  intravascular  coagu-
lation  (DIC) and  deep vein  thrombosis  is  well  known,76,77 due
to  the  hypercoagulable  state.77,78

Clinical manifestations

TB has  been  established  as  a chronic  disease,  whose  natural
history  course  of  the disease  has  been  demonstrated  by  the
formation  of  granuloma  secondary  to  the immune  response
that  contains  the progression  of  the  disease,  as  has been  pre-
viously  described  in the  pathophysiology  of TB. When  found
in  the  lungs,  at least  three  outcomes  can  be observed,  such
as  eradication,  primary  infection,  or  latent  infection.  Acute
TB  can  arise  as  a primary  infection  or  the  reactivation  of  a
latent  infection.20

The  symptoms  and  signs of  sepsis  are nonspecific  and
can  mimic  a  wide  spectrum  of  other  diseases.79---82 Although
there  are  some  acute  forms  of  TB,  through  which  it mani-
fests  itself;  they  have  a very  broad  and  flowery  presentation,
depending  on  the organic  commitment.  The  acute  forms  that
should  be  considered  are miliary  TB,  cardiac  TB,  tuberculous
meningitis,  abdominal  TB, cardiac  tamponade  secondary  to
tuberculous  effusion,  and SSTB.20 During  SSTB,  critically  ill
patients  are the result  of  the progression  of  acute  forms,
requiring  intensive  care in  1---3% of  cases.8 Pulmonary  TB is
the  most  frequent  with  a mortality  that reaches  25---33%  and
around  70%  requiring  mechanical  ventilation.15,83 Patients
with  constitutional  and  respiratory  compromise  develop
acute  respiratory  distress  syndrome  (ARDS)  concomitantly
associated  with  TB,  which  progresses  to  septic  shock  in the
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absence  of  another  cause  for  sepsis, becoming  part  of  the
multisystem  disease.20 According  to  Chiu  et  al.,84 the  most
common  clinical  and  laboratory  manifestations  were: fever
(80%),  lymphopenia  (75%),  and  pulmonary  symptoms  (58%).
Additionally,  other  symptoms  such  as  weight  loss,  diaphore-
sis,  cough,  dyspnea,  and  hemoptysis  may  also  occur.

Disseminated  TB  leads  to  multiple  organ failure  or  very
severe  tuberculous  sepsis  which  progresses  rapidly  to  death.
DIC has  been  associated  with  many  forms  of  disseminated
TB,  however,  SSTB  or  ARDS  has  a  very  high  incidence  of
DIC.18,19,85 Patients  with  TB  that  induces  DIC  have  a high  fre-
quency  of  hemophagocytic  syndrome,76 with  hematological
complications  being  those  with  the greatest  morbidity  and
mortality  in SSTB.17,86

For  its  part,  it has  also  been  described  that  SSTB  can
present  as  acute  abdomen  that  includes  fever,  diffuse
abdominal  pain,  weight  loss,  and constipation;  associated
with  clinical  signs  such  as  hepatosplenomegaly,  pleu-
ral  effusion,  and ascites  accompanied  by  retroperitoneal
lymphadenopathy.48

Hypovolemic  shock  may  be  increased  by  adrenalitis
associated  with  adrenal  insufficiency  is  observed,18,20 or
massive  hemoptysis  due  to  the rupture  of  Rasmussen
aneurysm.87Cardiogenic  shock  is  due  to  the involve-
ment  of  myocarditis,  endocarditis,  pericarditis,  or  cardiac
tamponade.20 In  fulminant  presentations  of  TB, it is  essential
to  consider  respiratory  failure.19 It  must  also  be  considered
that  the  progression  of very  serious  tuberculous  sepsis  and
death  even  occur;  in patients  receiving  adequate  antimy-
cobacterial  therapy,  without  a  known  immunodeficiency.42,85

Diagnostic  approach

The  preparation  of  an exhaustive  and  complete  clinical  his-
tory,  the  anamnesis,  and  a detailed  physical  examination  will
allow  us  to  clinically  suspect  the  pathology  in the context
of  septic  shock.  Initially,  the patient  must  be  approached
in an  active  and  rapid  search  for  the  source  of  sepsis.88

Although  SSTB  is a  differential  diagnosis  to  rule  out, in the
event  of  a  torpid  patient  evolution,  it should  be  considered
early  (see  Fig.  3). It  must  be  considered  that  the pathol-
ogy  is  more  likely  to  manifest  in patients  with  risk  factors
that  contribute  to  the  development  of  active primary  dis-
ease  such  as  age  (with  a  peak  between  15  and 29  years),
coinfection  with  HIV,  size  of  the tuberculin,  and  exposure
time.89 Risk  factors  linked  to  TB reactivation  include HIV,
insulin-dependent  diabetes,  transplants,  chronic  kidney  dis-
ease,  age,  and  duration  of latent  infection.90

During  the  initial  physical  examination,  adequate  taking
of  vital  signs  is  essential;  that  allows  us to  clinically  con-
front  the  patient’s  hemodynamic  status.  Subsequently,  the
rigorous  search  for  clinical  signs such  as  edema,  paleness,
decreased  pulses,  and  S2 splitting  or  presence  of  S3.  Patients
over  65  years  old  and  coinfected  with  HIV,  may  present  some
or  few  classic  clinical  symptoms  and  signs  of  TB, showing
fewer  signs  of  neurological  system  involvement  and  labo-
ratory  findings,  such as  alterations  in cerebrospinal  fluid,
serum  lymphocytes,  and extrapulmonary  disease.  Likewise,
the positivity  of  microbiology  is  diminished.91 Pancytopenia
is  coincident  with  DIC  and  SSTB  but  can  be  confused  with
the  immune  status  in an  immunocompromised  patient.

Figure  3 Diagnostic  approach  algorithm.

Source:  The  authors.

Sputum  and  blood  cultures  can take  time  to  come back
positive,  GeneXpert/TB  may  be useful  in  this setting  as  it can
reduce  the  timely  to  provide  a result.  In extrapulmonary  TB,
a recent  systematic  review  concludes  that Xpert/Ultra  and
Xpert  MTB/RIF  can  be useful in diagnosis.92 In  this  sense,
GeneXpert/Ultra  and Xpert  MTB/RIF  provide  a suggested
diagnostic  in critical  conditions  when  sputum  and  blood  cul-
tures  are expected  (Table  1).92

However,  sensitivity  may  vary  depending  on  the sample
collected,  that  is,  in tuberculous  meningitis  the Xpert/Ultra
has  high  sensitivity,  but  lower  specificity  than  culture.  It
should  be noted  that  Xpert/Ultra  and  Xpert  MTB/RIF  have
similar  sensitivity  and  specificity  for  detecting  rifampicin
resistance.92 Pleural,  ascitic,  and  cerebrospinal  fluid  should
be  evaluated  for  cell  count,  protein,  glucose,  and  ADA
levels.93
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Table  1  TB test  and  therapeutic  option.

Culture  Rapid

molecular  test

Bk  (sputum)  Chest  X-ray  Conduct

In  process  Positive  Positive/negative  Positive/negative  Initiative  treatment  and  correlate  with

culture  and  response  to  treatment

In process  Negative  Positive  Positive/negative  Initiative  treatment  and  correlate  with

culture  and  response  to  treatment

In process  Negative  Negative  Positive  Considered  complementary  test,  rule  out

differential  diagnoses,  and  start  treatment

In process  Negative  Negative  Negative  Considered  differential  diagnosis

Negative Positive Positive/negative Positive/negative Confirmed  technical  conditions  of  the  tests,

and according  to  clinical  evolution  continue

treatment

Negative Negative  Positive  Positive/negative  Confirmed  technical  conditions  of  the  tests,

and according  to  clinical  evolution  continue

treatment.  Rule  out  TB

Negative Negative  Negative  Negative  Considered  differential  diagnosis

Source: own ellaboration.

Figure  4  TB diagnostics  approach.

Source:  own  ellaboration.

Regarding  diagnostic  images,  a chest  X-ray  is  useful  for
an  initial  diagnostic  approach,  allowing  the definition  of
lung  pathologies  such  as  pneumonia,  bronchiectasis,  neo-
plasms,  cysts,  and  pleural  effusion.94 However,  in the  critical
scenario,  it  does  not  contribute  significantly  to confirming
the  clinical  suspicion.95 Faced  with  this challenge,  high-
resolution  computed  axial  tomography  (HR-CT)  or  magnetic
resonance  imaging  (MRI)  is  the imaging  tool  that  provides
the  most  information  to  support  the diagnosis93 (Fig. 4).

In  a  study  conducted  by  Jacob  et  al.,7 independent
factors  associated  with  TB bacteremia  include  male  sex,
tachycardia,  low  CD4  count,  HAART  absence,  fever,  hypona-
tremia,  and  low  hemoglobin.

Treatment

Immediate  management  corresponds  to  hemodynamic  and
circulatory  resuscitation  of the patient,  with  the adminis-
tration  of  supplemental  oxygen;  if required,  and  fluids  as
soon  as  possible.80.96 Intravenous  crystalloids  or  Ringer’s  lac-
tate  are  the  choice  and  should  be  started  within  the  first
hour.80,96 Empirical  broad-spectrum  antibiotic  coverage  is
considered  to  cover  the most common  pathogens  in the
event  of  coinfection  with  other  microorganisms.  The  indi-
cation  for  starting  vasopressors  is  reserved  for patients  who
do  not  respond  to  adequate  initial  fluid  resuscitation  and
remain  hypotensive.  The  first-line  vasopressors  that  should
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Table  2  Treatment  in SSTB.

Drug  Diary  dose

(mg/kg)  and

rank

Maximum  dose  Intensive  phase

(56  dose);  Monday

and  Saturday

Maintenance

phase  (112  dose);

Monday  and

Saturday

Rifampin  (R) 15  (10---20  mg/kg)  600  mg/day  X  X

Isoniazid (H)  10  mg/kg  (7---15  mg/kg)  300  mg/day  X  X

Pyrazinamide (P)  35  mg  (30---40  mg/kg)  X

Ethambutol (E)  20  mg/kg  (15---25  mg/kg)  X

Taken and adapted from Resolution 227 of 2020 of the Ministry of Health and Social Protection of Colombia.

Figure  5  Risk  prediction  score  for  diagnostic  of  active  TB.  The  model  suggests  the  diagnosis  of  active  TB in patients  with  a score

higher than  1.845.  The  model  obtained  a  sensitivity  of  85.1%,  and  specificity  of  83.6%.  Besides,  positive  predictive  value  was  26.6%,

and negative  predictive  was  98.7%.

Taken  and  adapted  for  Navarro-Ballester  et  al.102.

be  considered  are  norepinephrine,  second-and  third-line
epinephrine  or  dobutamine,  and vasopressin,  depending  on
availability  and reduced  cardiac  output.80,96

Empirically,  anti-TB  treatment  should be  started  as  soon
as  possible  while  waiting  for diagnostic  confirmation,  espe-
cially  if  the  clinical  suspicion  is  very  strong,  due  to  the
clinical  symptoms  and signs that suggest  the  pathology  and
through  consistent  imaging  findings  (Table  2).97 It  has been
suggested  in the scenario  of  critically  ill  patients  that  the
doctor  should  not  wait  for the sputum  culture  results  to
begin  anti-tuberculosis  treatment,  since  the delay  in  the
start  of  treatment  significantly  affects  the  outcome.13 The
parenteral  route  must  be  prioritized  for  the  administra-

tion  of  drugs  in  disseminated  TB  and SSTB,  given  that
it  has  been  determined  that  the  oral  route  has  unpre-
dictable  absorption,  probably  due  to the poor  splanchnic
circulation  in  shock,  which  can  lead  to  poor  results,  and
unfavorable  in the  patient.13.93 In this  sense,  it has  been
determined  that  antimycobacterial  therapy  is  more  complex
in critically  ill  patients  because  of  unpredictable  absorp-
tion,  altered  pharmacokinetics,  increased  side  effects,  and
limited  first-line  intravenous  agents.  Second-  and  third-
line  agents  are frequently  used,  with  little  clear  data  or
consensus  on  their  use.98 Therefore,  some  investigators
have  proposed  monitoring  serum  drug  levels  instead  of
standard  dosing  schedules.20,99 In this context,  carbapen-
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ems  (ertapenem,  imipenem,  meropenem)  are used  to  treat
multidrug-resistant  (MDR)  and  extensively  drug-resistant
tuberculosis  (XDR-TB)  which  is  an alternative  option  for  crit-
ical  SSTB  patients.  A systematic  review  by  Sotgiu  et al.
showed  that treatment  success  was  higher  than  57%  in
five  studies  with  culture  conversion  rates between  60%
and  94.8%,  suggesting  that  safety  and  tolerability  is  very
good.100,101 Also,  linezolid  has anti-TB  bacteriostatic  activity
in  XDR-TB  and is  an excellent  option  in this  scenario.102

Treatment  of pulmonary  and  extrapulmonary  TB; includ-
ing  miliary  TB and  SSTB  without  coinfection  with  HIV,
consists  of  2 months  of  rifampicin,  isoniazid,  pyrazinamide,
and  ethambutol,  followed  by  the 4-month  phase.97 When
there  is  coinfection  with  HIV,  treatment  is  challenging,103

since  drug  interactions  can  modify  the  dose,  safety,  and
response.  Furthermore,  the  condition  changes  radically,  and
in  this  scenario,  the evidence  and development  of  new
regimes  may  provide  an option103 (Fig.  5).

Steroids  have  been  proposed  for  6 weeks  in  patients
with  tuberculous  meningitis,  tuberculous  pericarditis,  and
tuberculous  adrenalitis,  in those  with  persistent  septic  shock
despite  adequate  fluid resuscitation.13,93 In  a systematic
review,  glucocorticoid  use  was  not  associated  with  improved
survival  [OR  0.65,  95%  CI:  0.27---1.57].9

Recombinant  human-activated  protein  C  has been  used
successfully,  but  its  indications  in the hospital  context  have
not  yet  been  defined.104

Remarks conclusions

SSTB  has  a wide  variety  of  differential  diagnoses,  espe-
cially  due  to  its broad  and  variable  clinical  manifestations,
which  are  determined  by  multisystem  organic  involvement,
in  those  with  prolonged  symptoms  upon  admission  to  the
emergency  room,  negative  cultures,  and no response  to  the
standard  antimicrobial  therapy.

It  is a  pathology  with  high  mortality  if it is  not  treated
promptly,  therefore,  it is  imperative  to  consider  a  high
degree  of  diagnostic  suspicion  of  acute  TB,  including  a  rigor-
ous  clinical  history,  and  clinical,  radiological,  pathological,
and laboratory  findings  that  support  the  diagnosis.  How-
ever,  they  should  not  delay  the initiation  of  anti-tuberculosis
treatment  appropriately.

Funding

None  declared.

Conflict of  interest

None declared.

References

1. Rudd KE, Johnson SC,  Agesa KM, Shackelford KA, Tsoi D, Kievlan

DR, et al. Global, regional, and national sepsis incidence and

mortality, 1990---2017: analysis for the Global Burden of  Disease

Study. Lancet. 2020;395:200---11.

2. Alsayed SSR, Gunosewoyo H. Tuberculosis: pathogenesis, cur-

rent treatment regimens and new drug targets. Int J  Mol Sci.

2023;24:5202.

3. World Health Organization. Global tuberculosis report 2020;

2020. Available from: https://apps.who.int/iris/bitstream/

handle/10665/336069/9789240013131-eng.pdf [cited

05.07.21].

4. Fukunaga R, Glaziou P, Harris JB, Date A, Floyd K, Kasaeva

T. Epidemiology of tuberculosis and progress toward meet-

ing global targets --- worldwide. MMWR Morb Mortal Wkly Rep.

2021;70:427---30.

5. El Sahly HM, Teeter LD, Musser JM, Graviss EA. Mycobacterium

tuberculosis bacteraemia: experience from a non-endemic

urban centre. Clin Microbiol Infect. 2014;20:263---8.

6. Tamez-Torres KM, Torres-Gonzalez P, Cervera-Hernandez ME,

Chavez-Mazari B, Barrientos-Flores CdJ, Bobadilla-Del-Valle M,

et al. Mycobacterium tuberculosis complex bacteremia among

HIV  and non-HIV patients in a Mexican tertiary care center. Braz

J  Infect Dis. 2018;22:387---91.

7. Jacob ST, Pavlinac PB, Nakiyingi L,  Banura P, Baeten JM, Morgan

K, et al. Mycobacterium tuberculosis bacteremia in a cohort of

HIV-infected patients hospitalized with severe sepsis in Uganda

--- high  frequency, low clinical suspicion [corrected] and deriva-

tion of a clinical prediction score. PLoS One. 2013;8:e70305.

8. Frame RN, Johnson MC, Eichenhorn MS, Bower GC, Popovich

J  Jr. Active tuberculosis in the medical intensive care unit:

a 15-year retrospective analysis. Crit Care Med. 1987;15:

1012---4.

9. Muthu V, Agarwal R, Dhooria S, Aggarwal AN, Behera D, Sehgal

IS. Outcome of critically ill subjects with tuberculosis: system-

atic review and meta-analysis. Respir Care. 2018;63:1541---54.

10. Levy H, Kallenbach JM, Feldman C, Thorburn JR, Abramowitz

JA. Acute respiratory failure in active tuberculosis. Crit Care

Med. 1987;15:221---5.

11. Silva DR, Menegotto DM, Schulz LF, Gazzana MB, Dalcin PT.

Mortality among patients with tuberculosis requiring intensive

care: a retrospective cohort study. BMC Infect Dis. 2010;10:54.

12. Lin SM, Wang TY, Liu WT. Predictive factors for mortality among

non-HIV infected patients with pulmonary tuberculosis and res-

piratory failure. Int J Tuberc Lung Dis. 2009;13:335---40.

13. Kethireddy S,  Light RB, Mirzanejad Y,  et al. Mycobacterium

tuberculosis septic shock. Chest. 2013;144:474---82.

14. Zahar JR, Azoulay E, Klement E, De Lassence A, Lucet JC, Reg-

nier B, et  al. Delayed treatment contributes to mortality in ICU

patients with severe active pulmonary tuberculosis and acute

respiratory failure. Intensive Care Med. 2001;27:513---20.

15. Penner C, Roberts D, Kunimoto D,  et  al. Tuberculosis as a

primary cause of respiratory failure requiring mechanical ven-

tilation. Am J Respir Crit Care Med.  1995;151 Pt 1:867---72.

16. Ahuja S, Phelps K. Hemodynamic confirmation of septic shock

in disseminated tuberculosis. Crit Care Med. 1992;20:901---3.

17. Zhang J, Handorf C. Miliary tuberculosis presenting as acute

respiratory distress syndrome, septic shock, DIC, and multior-

gan failure. Tenn Med. 2004;97:164---6.

18. Sydow M, Schauer A, Crozier TA, et  al.  Multiple organ fail-

ure in generalized disseminated tuberculosis. Respir Med.

1992;86:517---9.

19. George S, Papa L, Sheils L, et al. Septic shock due to dissemi-

nated tuberculosis. Clin Infect Dis. 1996;22:188---9.

20. Jacob JT, Mehta AK, Leonard MK. Acute forms of tuberculosis

in adults. Am J Med. 2009;122:12---7.

21. Hagan G,  Nathani N.  Clinical review: tuberculosis on  the inten-

sive care unit. Crit Care. 2013;17:240.

22. Pai M,  Behr MA, Dowdy D,  Dheda K, Divangahi M, Boehme CC,

et al. Tuberculosis. Nat Rev  Dis Primers. 2016;2:16076.

23. CDC. Transmission and pathogenesis of  tuberculosis;

2019. Available from: https://www.cdc.gov/tb/education/

ssmodules/pdfs/module1.pdf

24. Liu CH, Liu H, Ge B. Innate immunity in tuberculo-

sis: host defense vs pathogen evasion. Cell Mol Immunol.

2017;14:963---75.

9

http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0525
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0530
https://apps.who.int/iris/bitstream/handle/10665/336069/9789240013131-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/336069/9789240013131-eng.pdf
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0540
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0545
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0550
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0555
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0560
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0565
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0570
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0575
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0580
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0585
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0590
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0595
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0600
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0605
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0610
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0615
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0620
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0625
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0630
https://www.cdc.gov/tb/education/ssmodules/pdfs/module1.pdf
https://www.cdc.gov/tb/education/ssmodules/pdfs/module1.pdf
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640
http://refhub.elsevier.com/S0122-7262(24)00056-9/sbref0640


ARTICLE IN PRESS
+Model

ACCI-478; No.  of Pages 11

J.D.  Portillo-Miño, J.L.  Zambrano-Urbano,  D.F. Taramuel-Gómez  et al.

25. Peyron P, Vaubourgeix J, Poquet Y, Levillain F, Botanch C, Bar-

dou F, et al. Foamy macrophages from tuberculous patients’

granulomas constitute a nutrient-rich reservoir for M. tuber-

culosis persistence. PLoS Pathog. 2008;4:e1000204.

26. Schluger NW. The pathogenesis of tuberculosis: the first one

hundred (and twenty-three) years. Am J  Respir Cell Mol Biol.

2005;32:251---6.

27. Marrakchi H, Lanéelle MA, Daffé M.  Mycolic acids: structures,

biosynthesis, and beyond. Chem Biol. 2014;21:67---85.

28. Luies L, du Preez I.  The echo of pulmonary tuberculosis:

mechanisms of  clinical symptoms and other disease-induced

systemic complications. Clin Microbiol Rev. 2020;33, e00036-

20.

29. Flynn JL, Chan J.  Tuberculosis: latency and reactivation. Infect

Immun. 2001;69:4195---201.

30. Lopes RL, Borges TJ, Araújo JF, Pinho NG,  Bergamin LS,

Battastini AMO, et al. Extracellular mycobacterial DnaK polar-

izes macrophages to the M2-like phenotype. PLoS One.

2014;9:e113441.

31. Russell DG, Cardona PJ, Kim MJ, Allain S, Altare F. Foamy

macrophages and the  progression of  the human tuberculosis

granuloma. Nat Immunol. 2009;10:943---8.

32. Gengenbacher M, Kaufmann SHE. Mycobacterium tuber-

culosis: success through dormancy. FEMS Microbiol Rev.

2012;36:514---32.

33. Chai Q, Zhang Y,  Liu CH. Mycobacterium tuberculosis: an

adaptable pathogen associated with multiple human diseases.

Cell Infect Microbiol. 2018;8:158.

34. Smith I. Mycobacterium tuberculosis pathogenesis and

molecular determinants of virulence. Clin Microbiol Rev.

2003;16:463---96.

35. Zhang Y-Y, Ning B-T. Signaling pathways and intervention thera-

pies in sepsis. Sig Transduct Target Ther [Internet]. 2021;6:407,

http://dx.doi.org/10.1038/s41392-021-00816-9.

36. Huang M, Cai S, Su J.  The pathogenesis of  sepsis and potential

therapeutic targets. Int J Mol  Sci. 2019;20:5376.

37. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,

Annane D,  Bauer M, et al. The third international consen-

sus definitions for sepsis and septic shock (sepsis-3). JAMA.

2016;315:801---10.

38. Getahun H, Gunneberg C, Granich R, Nunn P. HIV infection-

associated tuberculosis: the epidemiology and the response.

Clin Infect Dis. 2010;50 Suppl. 3:S201---7.

39. Khan N, Divangahi M. Mycobacterium tuberculosis and HIV

coinfection brings fire and fury to macrophages. J Infect Dis.

2018;217:1851---3.

40. Walker NF, Meintjes G, Wilkinson RJ. HIV-1 and the immune

response to TB. Future Virol. 2013;8:57---80.

41. Kadomoto S, Izumi K, Mizokami A. Macrophage polarity and

disease control. Int J  Mol Sci. 2021;23:144.

42. Michel P, Barbier C, Loubiere Y. Three cases of  septic shock

due to tuberculosis without HIV pathology. Intensive Care Med.

2002;28:1827---8.

43. Bridged D,  Bedimo R.  Severe tuberculosis sepsis in an immuno-

competent patient. Am  J  Med. 2006;119:e11---4.

44. Vadillo M,  Corbella X, Carratala J.  AIDS presenting as septic

shock caused by  Mycobacterium tuberculosis. Scand J Infect

Dis. 1994;26:105---6.

45. Strohmeier G, Fenton M. Roles of  lipoarabinomannan in the

pathogenesis of  tuberculosis. Microbes Infect. 1999;1:709---17.

46. Matthay MA. Severe sepsis: a new treatment with both anti-

coagulant and antiinflammatory properties. N  Engl J  Med.

2001;344:759---62.

47. Gallucci G, Santucci N, Díaz A, Bongiovanni B, Bértola D,
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