UNIVERSIDAD ACREDITADA DE

SURCOLOMBIANA ALTACALlDAD

NIT: 8391180084.2

ANEXO 1

Analisis estadistico del desemperio del ELISA basado en NS1 para detectar IgM DENV
especifica circulante usando como estandar de oro el estuche comercial Standard
Diagnostics INC. Panbio Arele Dengue IgM Capture ELISA, Ref: 01PE20. Gyeonggi-do,
Korea.
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VassarStats: Website for Statistical Computation ~ ~ ~

« Utilities
« Clinical Frequencies of Agreement
Research Maximum Chance IgM DENV NS1
Calculators Category Possible Expected Observed
« Probabilities 1 203 || 127.81 | 197 Estandar de oro: Estuche de Panbio-Arele
= Distributions A 130 54.81 124
« Frequency Data 3
« Proportions = 250 R
«Ordinal Data 4 o LR =73
«Correlation & 5 --- --- ---
Regression 6 s " =r
ot-Tests &
Procedures 7
« ANOVA 8
»ANCOVA Total 333 182.62 321
« Miscellanea
« HOME : .95 CI
Proportions of Agreement of Observed
Maximum Chance Lower Upper
Category Possible Expected Observed Limit Limit
1 0.9186 0.4315 0.8678 0.8151 0.8077
2 0.8784 0.2456 0.8052 0.732 0.8628
3 T s 2 e e
4 = 2 T et e
5 — — = =
6 — —— — — —
7
8

Composite  0.9487 0.5203  0.9145 0.879 0.9407

Confidence intervals for proportions are calculated according
to the Wilson efficient-score method, corrected for continuity.

Home Click this link only if you did net arrive here via the VassarStats main page.

ERichard Lowry 2001-2022
All rights reserved.
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B

1 2 3 4 5 6
1 197 6
2 24 b T e
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A
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Totals 221 130 — S — o

Reset Calculate

The designation "nc” appearing in any of the following
cells means "this quantity cannot be calculated.” This
will typically occur only when your data entries in the
above table Include a substantial proportion of zeros.

Unweighted Kappa

Observed
Kappa .95 Confidence Interval
Standard Lower Upper
dizal Error Limit Limit
Method 1 0.0311 0.7608 0.8828
Methed 2 0.0309 0.7612 0.8824
0.8931 maximum possible unweighted kappa, given

the observed marginal frequencies

0.9202 observed as proportion of maximum possible

Kappa with Linear Weighting
.95 Confidence Interval

Observed Standard Lower Upper
Kappa Error Limit Limit
0.8218 0.0309 0.7612 0.8824

maximum possible linear-weighted kappa,

0.8931 given the observed marginal frequencies

0.9202 observed as proportion of maximum possible

7

8

Totals
203

148

351
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« Utilities
= Clinical :
Pesaaii Condition
Calculators Absent Present Totals
» Probabilities TestPositive | 6 || 197 | 203
sadaamine Test Negative | 124 || 24 | 148
= Frequency Data palitpaie
« Proportions Totals 130 221 351
»Ordinal Data
Calculate Reset
= Correlation &
Regression
«t-Tests &
Q,

Procedures Estimated 95% Confidence Interval
= ANOVA Value Lower Limit = Upper Limit
*ANCOVA Prevalence  0.62963 0.576514 0.67986
*Miscellanea Sensitivity  0.891403 0.840919 0.92779
« HOME

Specificity 0.953846 0.897967 0.9811

For any particular test result, the probability that it will be:
Positive 0.578348 0.52467% 0.630273
Negative 0.421652 0.369727 0.475321

For any particular positive test result, the probability that it is:

True Positive
{Positive Predictive Value)

False Positive  0.029557 0.012071 0.066229

0.970443 0.933771 0.987929

For any particular negative test result, the probability that it is:

True Negative
(Negative Predictive Value)

False Negative 0.162162 0.108648 0.233721

likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence [definitions]

Positive [C]  19.313725 8.828588 42.251376

0.837838 0.766279 0.891352

Negative [C]  0.113852 0.077979 0.166227
Positive [W]  32.833333 14.92208 72.2438
Negative [W]  0.193548 0.133856 0.279861

The entry 'NaN' in any of the above cells means that
the calculation cannot be performed because the values
entered include one or more instances of zero.
Technical note on calculation of confidence intervals.

Printable Report

Home Click this link only if you did not arrive here via the VassarStats main page.

©Richard Lowry 2001-2022
All rights reserved.




UNIVERSIDAD ACREDITADA DE

SURCOLOMBIANA ALTACALlDAD

NIT: 831180084.2

ANEXO 2

Analisis estadistico del desempefio del ELISA basado en NS1 para detectar IgM-DENV
especifica circulante usando como estandar de oro el estuche comercial Anti-Dengue
Virus ELISA (IgM), ref: EI 266b-9601 M, Lot: E211202CA, EUROIMMUN, Medizinische
Labordiagnostika AG, Germany, IVD, RI 2017RD-0004083.
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« Utilities

« Clinical
Research
Calculators

« Probabilities

« Distributions

« Frequency Data
» Proportions
«Ordinal Data

« Correlation &
Regression

«t-Tests &
Procedures

« ANOVA

« ANCOVA

« Miscellanea
« HOME

VassarStats: Website for Statistical Computation ~ ~ ~

Kappa with Quadratic Weighting
.95 Confidence Interval

IgM DENV NS1
Observed Standard Lower Upper
Kappa Error Limit Limit Estandar de oro: Estuche EUROIMMUN IgM
0.3459 0.0345 0.2783 0.4135

0.4179 maximum possible quadratic-weighted kappa,
: given the observed marginal frequencies

0.8277  observed as proportion of maximum possible

Frequencies of Agreement

Maximum Chance
Category Possible Expected Observed

1 74 39.18 68

2 152 117.18 146
3 B o K%
4 =T e 32
5 s e o
6 i o -
7
8
Total 226 156.36 214
95 CI
Proportions of Agreement of Observed
Maximum Chance Lower Upper
Category Possible Expected Observed Limit Limit
1 0.4327 0.1903 0.3842 0.313 0.4604
2 0.6104 0.4128 0.5725 0.5092 0.6336
3 — == = = =
4 — I I — ——
5 3% LT e L =
6 =S 220 443 A =
7
8

Composite 0.6997 0.4841 0.6625 0.6077 0.7134

Confidence Intervals for proportions are calculated according
te the Wiison efficient-score method, corrected for continuity.

Home Click this link only if you did not arrive here via the VassarStats main page.
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VassarStats: Website for Statistical Computation ~ ~ ~

« Utilities Data Entry

« Clinical
Research 1 2 3 4 5 6
Calculators 68 103 ——— ———— . .

« Probabilities 6 146 LT - 205 T e
= Distributions

« Frequency Data

« Proportions A
«Ordinal Data

« Correlation &
Regression

«t-Tests &
Procedures

« ANOVA Totals 74 249 2 == e enet
« ANCOVA

« Miscellanea

« HOME

0N O D WN

- - - - - -

Reset Calculate

The designation "nc" appearing in any of the following
cells means "this quantity cannot be calculated.” This
will typically eccur only when your data entries in the
above table include a substantial propertion of zeros.

Unweighted Kappa

Observed
Kappa .95 Confidence Interval
Standard Lower Upper
0.3459 || ““Error Limit Limit
Method 1 0.051 0.246 0.4458
Method 2 0.0416 0.2644 0.4274
0.4179 maximum possible unweighted kappa, given

the observed marginal frequencies

0.8277 observed as proportion of maximum possible

Kappa with Linear Weighting
.95 Confidence Interval

Observed Standard Lower Upper
Kappa Error Limit Limit
0.3459 0.0416 0.2644 0.4274

maximum possible linear-weighted kappa,

0.4179 given the observed marginal frequencies

0.8277 observed as proportion of maximum possible

7

8

Totals
171

152

-

323



VassarStats: Website for Statistical Computation ~ ~ ~

« Utilities Condition
= Clinical Absent Present Totals
Research
Calcilstors Test Positive | 103 || 68 171
« Probabilities Test Negative 136 6 142
=« Distributions
Totals 239 74 313
« Frequency Data
« Proportions Calculate Reset

« Ordinal Data

« Correlation &
Regression

«t-Tests &
Procedures

« ANOVA

« ANCOVA

* Miscellanea
« HOME

Estimated
Value Lower Limit Upper Limit

Prevalence  0.236422 0.191254 0.288196

Sensitivity  0.918919 0.825733 0.966609

Specificity  0.569038 0.503558 0.632261

For any particular test result, the probability that it will be:

Positive  0.546326 0.489349 0.602147

Negative  0.453674 0.397853 0.510651

95% Confidence Interval

For any particular positive test result, the probability that it is:

True Positive
(Positive Predictive Value)

False Positive

0.397661

0.602339

0.324561

0.524565

0.475435

0.67543%

For any particular negative test result, the probability that it is:

True Negative

(Negative Predictive Value) 0.957746 0.906294 0.582708
False Negative 0.042254 0.017292 0.093706
likelihood Raties:
[C] = conventional
[W] = weighted by prevalence [definitions]
Positive [C]  2.132249 1.815833 2.503802
Negative [C]  0.142488 0.065761 0.308739
Positive [W] 0.660154 0.525268 0.823508
Negative [W]  0.044118 0.02015 0.096595

The entry 'NaN' in any of the above cells means that
the calculation cannot be performed because the values
entered include one or more instances of zero.
Technical note on calculation of confidence intervals.

Printable Report



UNIVERSIDAD ACREDITADA DE

SURCOLOMBIANA ALTACALlDAD

NIT: 8391180084.2

ANEXO 3

Analisis estadistico del desempefio del ELISA basado en NS1 para detectar IgM-DENV
especifica circulante usando como estandar de oro el estuche comercial Virion Serion
Classic Dengue virus ELISA IgM, Ref: ESR114M, lote: EL0141, IVD RI: 2017RD-0004405.
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« Clinical
Research
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« ANOVA
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« HOME
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Frequencies of Agreement

Category
1

N O A wWwN

8
Total

Maximum Chance

Possible Expected Observed

64
64

128

32.73
32.73

65.46

Proportions of Agreement

Category
1

N oOoOnm s N

8

Composite

Maximum Chance

57 IgM DENV NS1
57 Estandar de oro: Estuche Virion-Serion IgM ELISA
114

95 Cl

of Observed
Lower Upper

Possible Expected Observed Limit Limit

0.9552
0.9552

0.9771

0.3331
0.3331

0.4997

0.7703  0.6552  0.8568
0.7703  0.6552  0.8568

0.8702 0.7976 @ 0.9204

Confidence intervals for proportions are calculated according
to the Wilson efficient-score method, corrected for continuity.

Home Click this link only if you did not arrive here via the VassarStats main page.

SRIchard Lowry 2001-2022

All rights resarved.
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VassarStats: Website for Statistical Computation ~ ~ ~

« Utilities

« Clinical
Research
Calculators

« Probabilities

« Distributions
 Frequency Data
« Proportions
«Ordinal Data

« Correlation &
Regression

«t-Tests &
Procedures

« ANOVA

« ANCOVA

* Miscellanea
« HOME

Data Entry
B

1 2 3 4 5 6
1|l ‘57 10
21l 7 57
3 s e WETIE e ——t b oo
4 | = o S s S e

A

5 —— —— —— —— —— ——
6 Il === 3 s 2 =N DA
- | SIS T LS e CALE
8 TR ey T = =t b foreieris
Totals 64 67 ---- e - ———

Reset Calculate

The designation "nc" appearing in any of the following
cells means "this quantity cannot be calculated." This
will typically occur only when your data entries in the
above table include a substantial proportion of zeros.

Unweighted Kappa
Observed
Kappa .95 Confidence Interval
Standard Lower Upper
0.7406 | ~ Error Limit Limit
Method 1 0.0587 0.6256 0.8556
Method 2 0.0586 0.6257 0.8555
0.9542 maximum possible unweighted kappa, given

the observed marginal frequencies

0.7761 observed as proportion of maximum possible

Kappa with Linear Weighting
.95 Confidence Interval

Observed Standard Lower Upper
Kappa Error Limit Limit
0.7406 0.0586 0.6257 0.8555

0.9542 maximum possible linear-weighted kappa,
: given the observed marginal frequencies

0.7761 = observed as proportion of maximum possible

7

8

Totals
67

64

131



VassarStats: Website for Statistical Computation ~ ~ ~

« Utilities Condition
» Clinical Absent Present Totals
Research
Calculators Test Positive 10 57 67
» Probabilities Test Negative 57 7 64
N e Totals 67 64 131
« Frequency Data
» Proportions Calculate Reset
« Ordinal Data
« Correlation &
':e:e; e:'::" Estimateq | 25% Confidence IntervaF
Procadkros Value Lower Limit Upper Limit
= ANOVA Prevalence 0.48855 0.400813 0.576967
« ANCOVA Sensitivity 0.850625 0.781588 0.8951214
*Miscellanea Specificity  0.850746 0.737992 0.922306
* HOME For any particular test result, the probability that it will be:
Positive 0.51145 0.423033 0.599187
Negative 0.48855 0.400813 0.576967

For any particular positive test result, the probability that it is:

True Positive
(Positive Predictive Value)

0.850746 0.737992 0.922306

0.149254

For any particular negative test resuit, the probability that it is:

False Positive 0.077654 0.262008

True Negative

(Negative Predictive Value) 0.890625 0.781588 0.951214
False Negative  0.109375 0.048786 0.218412
likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence [definitions]
Positive [C] 5.967188 3.347428 10.63722
Negative [C]  0.128564 0.063573 0.259996
Positive [W] 5.7 3.190134 10.184527
Negative [W]  0.122807 0.060809 0.248014

The entry ‘NaN’ in any of the above cells means that
the caiculation cannot be performed because the values
entered include one or more instances of zero,
Technical note on calculation of confidence intervals.

Printable Report



UNIVERSIDAD ACREDITADA DE

SURCOLOMBIANA ALTACALlDAD

NIT: 8391180084.2

ANEXO 4

Reunién con la empresa Byo Colombia S.A.S. en donde se analizaron los resultados
obtenidos con el estuche comercial el Anti-Dengue Virus ELISA (IgM), ref: El 266b-9601
M, Lot: E211202CA, EUROIMMUN. En conclusion, los resultados fueron escalados a
casa matriz.
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UNIVERSIDAD ACREDITADA DE

SURCOLOMBIANA ALTACALlDAD

NIT: 831180084.2

ANEXO 5

Analisis estadistico del desempefio del ELISA para detectar IgG-DENV basado en NST,
usando como estandar de oro el estuche comercial Panbio-Arele Dengue virus IgG
capture ELISA, Standard Diagnostic.
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« Utilities

« Clinical
Research
Calculators

» Probabilities

» Distributions

« Frequency Data
« Proportions
«Ordinal Data

« Correlation &
Regression

st-Tests &
Procedures

« ANOVA

« ANCOVA

» Miscellanea
« HOME

Kappa with Quadratic Weighting
.95 Confidence Interval
Observed Standard

Kappa
0.7353

0.7353

Error
0.0323

VassarStats: Website for Statistical Computation ~ ~ ~

Lower
Limit

0.6719

Upper
Limit

0.7987

Estandar de oro: Estuche Panbio-Arele.

IgG DENV NS1

maximum possible quadratic-welghted kappa,
given the observed marginal frequencies

observed as proportion of maximum possible

Frequencies of Agreement

Maximum Chance
Possible Expected Observed

Category
1

N OO S wN

Total

167
138

305

91.44
62.44

153.88

Proportions of Agreement

Maximum Chance
Possible Expected Observed

Category
1

NSOy B A wN

8
Composite

Confidence intervals for proportions are calculated according
to the Wilson efficient-score method, corrected for continuity.

1
1

1

0.377
0.2924

0.5045

147
118

265

0.7861
0.7468

0.8689

95 CI
of Observed
Lower Upper
Limit Limit
0.719 0.8412
0.6704 0.811
0.8245 0.9036



» Utilities
« Clinical

Research
Calculators

» Probabilities

« Distributions
 Frequency Data
= Proportions

« Ordinal Data

« Correlation &
Regression

«t-Tests &
Procedures

= ANOVA

« ANCOVA

» Miscellanea
» HOME

VassarStats: Website for Statistical Computation ~ ~ ~

Data Entry
B

1 2 3 4 5 6
1 || 147 20
2 (| 20 118 === | -
3 ——— o ——— oonmpem S—— S———
A — — — — — —

A

S Pl AT LN e HEbE =y LN W X
8 Il === 3255 LTS e SN EACS
il [T s T e ST s
8! --—— — — —
Totals 167 138 == === === ===

Reset Calculate

The designation "nc" appearing in any of the following
cells means "this quantity cannot be caiculated." This
will typically occur only when your data entries in the
above table include a substantial proportion of zeros.

Unweighted Kappa
Observed
Kappa .95 Confidence Interval
Standard Lower Upper
0.7353 | Error Limit Limit
Method 1 0.039 0.6588 0.8118
Method 2 0.039 0.6589 0.8117

maximum possible unweighted kappa, given
the observed marginal frequencies

0.7353 observed as proportion of maximum possible

Kappa with Linear Weighting
.95 Confidence Interval

Observed Standard Lower Upper

Kappa Error Limit Limit

0.7353 0.039 0.6589 0.8117
1 maximum possible linear-weighted kappa,

given the observed marginal frequencies

0.7353 observed as proportion of maximum paossible

7

-

8

Totals
167

138

305



« Utilities

« Clinical
Research
Calculators

« Probabilities

« Distributions

» Frequency Data
» Proportions
«Ordinal Data

« Correlation &
Regression

«t-Tests &
Procedures

« ANOVA

« ANCOVA

» Miscellanea
« HOME

VassarStats: Website for Statistical Computation ~ ~ ~

Condition
Absent Present Totals

Test Positive 20 147 167

Test Negative 118 20 138

Totals 138 167 305
Calculate Reset

95% Confidence Interval

Estimated
Value Lower Limit Upper Limit
Prevalence  0.547541 0.4898 0.604065
Sensitivity 0.88024 0.81883 0.923537
Specificity  0.855072 0.782634 0.507123
For any particular test result, the probability that it will be:
Positive  0.547541 0.4898 0.604065
Negative  0.452459 0.395935 0.5102

For any particular positive test result, the probability that it is:
Pesitios P ;| Diasdza 0.81883 0.923537
False Positive 0.11976 0.076463 0.18117

For any particular negative test result, the probabillity that it is:
(Negative Prodictnean 0-855072 | 0782634 | 0.907123
False Negative  0.144928 0.092877 0.217366

likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence [definitions]

Positive [C] 6.073653 4.034399 9.143682
Negative [C] 0.140059 0.092617 0.211802
Positive [W] 7.35 4.853652 11.130278

Negative [W] 0.169492 0.112746 0.254798

The entry 'NaN' in any of the above cells means that
the calculation cannot be performed because the values
entered include one or more instances of zero.
Technical note on calculation of confidence intervals.

Printable Report
Home Click this link only if you did not arrive here via the VassarStats main page.

@Richard Lowry 2001-2022
All rights reseryved.




UNIVERSIDAD ACREDITADA DE

SURCOLOMBIANA ALTACALlDAD

NIT: 831180084.2

ANEXO 6

Analisis estadistico del desempefio del ELISA para detectar IgG-DENV basado en NST,
usando como estandar de oro el estuche comercial El estuche usado fue el Anti-Dengue
Virus ELISA (IgG), EUROIMMUN, ref: El 266b-9601 G, lote: E220128AZ, IVD, RI:
2017RD-0004081-R.
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« Utilities Frequencies of Agreement
« Clinical Maximum Chance
Categor Possible Expected Observed
RECSINT Y - IgG DENV NS1
Calculators 1 150 101.7 145
« Probabilities 2 85 36.7 80 Estandar de oro: IIEEitILIS??g%UROIMMUN
« Distributions 3 i
= Frequency Data
« Propartions 4 == aN =
» Ordinal Data 5 == 33z i
« Correlation & 6 == - —
Regression 4
«t-Tests &
Procedures 8
« ANOVA Total 235 138.4 225
« ANCOVA
.95 CI
pacE a0 Proportions of Agreement of Observed
s HOME Maximum Chance Lower  Upper
Category Possible Expected Observed Limit Limit
1 0.838 0.4475 0.788 0.7205 0.8433
2 0.7456 0.2262 0.6723 0.57%4 0.7539
3 S T =i 2 A
4 =53 s
5 s sz " s
6 e 2 o i o
7
8

Composite  p.8902 0.5242 | 0.8523 @ 0.8023 0.8917

Confidence intervals for proportions are calculated accerding
to the Wilson efficlent-score method, corrected for continuity.

Home Click this link only if you did not arrive here via the VassarStats main page.
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« Utilities

« Clinical
Research
Calculators

« Probabilities

« Distributions

« Frequency Data
= Proportions

« Ordinal Data

« Correlation &
Regression

«t-Tests &
Procedures

« ANOVA

« ANCOVA
*Miscellanea
» HOME

VassarStats: Website for Statistical Computation ~ ~ ~

Data Entry
B

1 2 3 4 5 6
1 145 5
2| 34 80
4 - — — — — ——-

A

S SHSEL —— ——— e e - i ———
Bl === e EAES 205 LI 85
Zl == o P T i T
8 S— —— o S— — ——
Totals 179 85 - --=- -==- S

Reset Calculate

The designation "nc" appearing in any of the following
cells means "this quantity cannot be calculated.” This
will typically occur only when your data entries in the
above table include a substantial proportion of zeros.

Unweighted Kappa

Observed
Kappa .95 Confidence Interval
osegs | e | oy | o
Method 1 0.0459 0.5955 0.7795
Method 2 0.0446 0.6021 0.7769

maximum possible unweighted kappa, given

0.7651 the observed marginal frequencies

0.8965 observed as proportion of maximum possible

7

8

Totals
150

114

264



VassarStats: Website for Statistical Computation ~ ~ ~

« Utilities Condition
« Clinical Absent Present Totals
gﬁ{;&m Test Positive 5 145 | 150
« Probabilities Test Negative 80 34 114
s Totals 85 179 264
 Frequency Data
« Proportions Calculate Reset
«Ordinal Data
. g:rrela!:ion &
ression o
" | e
Procedures
«ANOVA Prevalence 0.67803 0.617512 0.733272
« ANCOVA Sensitivity ~ 0.810056 0.74327 0.863191
* Miscellanea Specificity 0.941176 0.861965 0.978143
« HOME For any particular test result, the probability that it will be:
Positive 0.568182 0.505979 0.628368
Negative 0.431818 0.371632 0.494021
For any particular positive test result, the probability that it is:
(Positive Prodieine el 0-966667 0.919891 0.987664
False Positive 0.033333 0.012336 0.080109

For any particular negative test result, the probability that it is:

True Negative
(Negative Predictive Value)

False Negative 0.298246 0.21806 0.392259

likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence [definiticns]

0.701754 0.607741 0.781594

Positive [C] 13.77095 5.866496 32.32578
Negative [C]  0.201816 0.148916 0.273506
Positive [W] 29 12.243502 68.689457

Negative [W] 0.425 0.318367 0.567349

The entry 'NaN’ in any of the above cells means that
the calculation cannot be performed because the values
entered include one or more Instances of zero.
Technical note on calculation of confidence intervals.
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ANEXO 7

Iméagenes de soporte de la realizacion de las adecuaciones del Laboratorio de Infeccion e
Inmunidad de la Facultad de Salud de la Universidad Surcolombiana. Noétese la
instalacion de la cabina de biosequridad clase || B2 que se encuentra totalmente
operativa. El informe de instalacion del equipo respectivo se adjunta al final del actual
anexo.
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UNIVERSIDAD

S SURCOLOMBIANA

FACULTAD DE CIENCIAS DE LA SALUD

FORTALECIMIENTO DE CAPACIDADES INSTALADAS DE CIENCIAY
TECNOLOGIA DE LA GOBERNACION DEL HUILAY LA UNIVERSIDAD
SURCOLOMBIANA PARA ATENDER PROBLEMATICAS ASOCIADAS
CON AGENTES BIOLOGICOS DE ALTO RIESGO PARA LA SALUD
HUMANA EN EL DEPARTAMENTO DEL HUILA
BPIN 2020000100145

Carlos Fernando Narvaez
Médico Inmunélogo
Jefe Division de Inmunologia
cfnarvaez@usco.edu.co

Soporte grafico
Octavo Informe Técnico Trimestral
Agosto de 2022
Neiva - Huila
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SOPORTES EN IMAGENES DEL CUMPLIMIENTO DE

LA ACTIVIDAD DENTRO DEL OBJETIVO ESPECIFICO

2 (OE2): “ADELANTAR OBRAS DE ADECUACION DE
ESPACIOS”

Carlos Fernando Narvaez
Médico Inmundlogo
Jefe Division de Inmunologia
Facultad de Salud
cfnarvaez@usco.edu.co
Neiva — Huila

Octavo Informe Técnico Trimestral
Agosto de 2022
Universidad Surcolombiana
Facultad de Salud — Programa de Medicina
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Imagen de instalaciones originales
(antes de las adecuaciones)

Reunién de inico de obras
(Inicio de las adecuaciones)
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Imagenes del proceso de ejecucion de las adecuaciones del Laboratorio de Infeccidon e Inmunidad de
la Universidad Surcolombiana, Facultad de Salud. Junio — Julio 2022.
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Cabina de bioseguridad
clase Il B2 instalada
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Enlaces con soporte audio-visual
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https://www.facebook.com/USCOoficial/videos/5359288874154496/

https://diariodelhuila.com/inversion-en-ciencia-y-tecnologia-asciende-a-113-000-millones-de-pesos/
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ANEXO 8

Actividades de difusion del impacto regional del proyecto en los medios de comunicacion.
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Hoy es 23 de Agosto del 2022
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Inversion en Ciencia v Tecnologia asciende
a $113.000 millones de pesos
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Diario del Huila Inicio » Regional » Inversion en Ciencia y Tecnologia

asciende a $113.000 millones de pesos

DIARIO DEL HUILA, REGIONAL

Proyectos como el fortalecimiento de las capacidades instaladas en los
laboratorios de Salud Publica del Departamento y de la Universidad
Surcolombiana, se benefician de esta inversion realizada por el Gobierno

Departamental.

Se cumplio este viernes la ceremonia de entrega de los nuevos espacios
adecuados de la division de inmunologia en la Facultad de Salud de la
Universidad Surcolombiana, como parte de los proyectos financiados con

fondos del Gobierno Departamental a través del Sistema General de Regalias.

El recorrido por las instalaciones y acto protocolario fueron presididos por el
Viceministro de Talento y Apropiaciéon Social de Conocimiento del Ministerio de
Ciencia, Tecnologia e Innovacion, Nelson Andrés Calderén, quien exalto la
articulacion y liderazgo regional para lograr materializar importantes proyectos

que beneficiaran ampliamente a la poblacidn huilense.

“Hoy estamos dejando en el Huila las capacidades instaladas que beneficiaran a
la sociedad. El departamento, la Universidad Surcolombiana, los investigadores
de la regién han fomentado el fortalecimiento de laboratorios de pruebas
diagndsticas para el sistema de salud, que ademas del Covid podra identificar

otras enfermedades tropicales” afirmé el viceministro.

Dijo ademas que el Huila ha contado con asignacién de recursos por el orden
de113 mil millones de pesos para el desarrollo de proyectos de ciencia,
tecnologia e innovacion, “como este laboratorio que es de nivel Il, que seguira
en proceso de fortalecimiento, es una muestra de las inversiones que

benefician directamente a la sociedad”.

Capacidad instalada en laboratorios para diagnésticos en salud
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Carlos Fernando Narvaez, Jefe de la Divisidon de Inmunologia de la Universidad
Surcolombiana sefald que este proyecto surgio de la necesidad de resolver la

capacidad técnica y tecnoldgica para identificar el genoma viral de SarsCov2.

“Contamos ahora con equipos de alta tecnologia y de las mejores marcas
empleadas en la identificacion de virus, en el cultivo de virus, que nos permiten
saber si una persona esta infectada o tiene alguna enfermedad. Ademas del
Covid19, podremos reconocer otras enfermedades virales como el Dengue que

tanto afecta el departamento” sostuvo Carlos Fernando Narvaez.

Asi mismo, destacé que, “En solo un ano del bienio se logré la aprobacion de
importantes recursos para ciencia y tecnologia. Con la entrega de éste
proyecto, los laboratorios para analisis de pruebas de Covid19 colocaron al Huila
como uno de los primeros en tomar y analizar muestras en el territorio, fuimos
pioneros al servicio del Sur colombiano” manifesté Sergio Andrés Trujillo,

Coordinador del Sistema General de Regalias del Departamento.

El Huila ha desempefado un papel muy importante en la gestion de proyectos
que han surgido de las necesidades sentidas de los sectores académicos, de

salud y productivos, inversiones que se veran reflejadas en el progreso de la

region.
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Una apuesta historica: el ‘gana gana’ de la region central
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iEs Histdrico! inversion de $113.000 millones de pesos en Ciencia y Tecnologia por parte del gobierno “Huila Crece”

Se destacan proyectos como el fortalecimiento de las capacidades instaladas en los laboratorios de Salud Publica
del Departamento y de la Universidad Surcolombiana.
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espacios adecuados en la Division de Inmunologia de la Facultad de
Ciencias de la Salud, esto como producto del proyecto financiado
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ANEXO 9

Este Anexo corresponde a una grabacion de la reunién de cierre de la visita de pares
académicos nacionales e internaciones en miras a obtener la reacreditacion institucional
de alta calidad de la Universidad Surcolombiana. Se destaca en ella el enorme impacto
regional que ha tenido la ejecucion de la propuesta. Esto tuvo un positivo efecto en el
informe de la visita.
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UNIVERSIDAD ACREDITADA DE

SURCOLOMBIANA ALTACALlDAD

NIT: 801180084.2

ANEXO 10

Actividades de Control Social, difusion y socializacion de resultados del proyecto. Soporte
grafico de la presentacion del fortalecimiento del Laboratorio de Infeccion e Inmunidad a la
comunidad y a instituciones educativas de la ciudad. Adicionalmente se presenta soporte
grafico de las actividades de transferencia técnica y de habilidades en la realizacién de
ensayos moleculares y serolégicos para virus emergentes entre personal de las entidades
aliadas.
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FORTALECIMIENTO DE CAPACIDADES INSTALADAS DE CIENCIAY
TECNOLOGIA DE LA GOBERNACION DEL HUILAY LA UNIVERSIDAD
SURCOLOMBIANA PARA ATENDER PROBLEMATICAS ASOCIADAS
CON AGENTES BIOLOGICOS DE ALTO RIESGO PARA LA SALUD
HUMANA EN EL DEPARTAMENTO DEL HUILA
BPIN 2020000100145

Carlos Fernando Narvaez
Médico Inmunélogo
Jefe Division de Inmunologia
cfnarvaez@usco.edu.co

Soporte grafico
Octavo Informe Técnico Trimestral
Agosto de 2022
Neiva - Huila
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SOPORTES EN IMAGENES DE LAS ACTIVIDADES DE
CONTROL SOCIAL, DIFUSION DE RESULTADOS Y
TRANSFERENCIA DE CONOCIMIENTO

Carlos Fernando Narvaez
Medico Inmundlogo
Jefe Division de Inmunologia
Facultad de Salud
cfnarvaez@usco.edu.co
Neiva — Huila

Séptimo Informe Técnico Trimestral
Universidad Surcolombiana
Facultad de Salud — Programa de Medicina
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Actividad de control social
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Presentacion del proyecto y sus logros

Presenté’cién' de 're‘u.ltados ante pares académicos durante la visita para aréditacié internacional del
programa de Medicina (sup A-B) y Reacreditacion de Alta calidad Institucional de la Universidad Surcolombiana (inf C-
D).
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Presentacion del proyecto y sus logros a la comunidad.
Informe Grafico de Visita Alumnos Colegio Colombo — Sueco de Neiva
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Registro de asistencia visita de socializacion

UNIVERSIDAD SURCOLOMBIANA
. GESTION DE CALIDAD

REGISTRO Y CONTROL ASISTENCIA DE ACTIVIDAD Y/O EVENTO
(Y NERSION : VIGENGIAZ

NOMBRE DE LA
ACTIVIDAD Y/G EVENTO
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“En mi calidad de titular de los datos personales anter! diligenclados, me p manifestar mi amorlnclén para su tratamlento por parte de la Unh as con la
finalldad de ser utilizados en el contacto de otros eventos o servlclos de Ia Unlversldad Incluyendo las finalidades del ambit dé y administrativo proplo de sus funclones. La
Universidad Surcolomblana protege Ios datos aqui dilig , de do alo p to en la Ley 1581 de 2012, y a su Politica de Proteccién de Datos Personales, la cual se debe
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- Tipo de asistente: DP; Docente Pianta, DO: Docente Ocasional, DC: Docente Catedra, DI: Docente Visitante, AD: Administrativo, TO: Trabajador Oficial, ES: Estudiante, MR: Médico Residente, CO: Contratista, EX:

Vigilado Mineducacién
La versién vigente y de este di to, solo podra ser consultada a través del sitio web Instituclonal Www.usco.edu.co, link Sistema Gestién de Calidad. La copla o impresién diferenta a la publicada, serd considerada
como d no lado y su uso Indebldo no es de rosp llidad do la Universidad Surcolombiana.
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Actividades de transferencia técnica del Inmunoensayo para
IgM e IgG DENV basado en NS1

Transferencia y practica del ELISA para IgM e IgG DENV basado en NS1 desde el
Laboratorio de Infeccidon e Inmunidad al personal de la Secretaria de Salud del Huila.
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Listado de asistencia transferencia de conocimiento y
habilidades ensayos moleculares y serologicos para Flavivirus
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ANEXO 11

Soportes de la vinculacion del Laboratorio de Infecciéon e Inmunidad a la Red Nacional de
Diagndéstico COVID-19 desde diciembre de 2020, avalado por el INS.

DA NINEDUCACION

QSede Administrativa / Cra. § No. 23 - 40 € PBX: 875 3686
@www.usco.edu.cu / Neiva - Huila Q Linea Gratuita Nacional: 018000 968722

QSede Central / Av. Pastrana Borrero - Cra. 1 € PBX: 875 4753 m@.c ‘ i
[ st s R 5 4
o

1 UCERENEN  OLCER BTSSS



/

UNIVERSIDAD

S SURCOLOMBIANA

FACULTAD DE CIENCIAS DE LA SALUD

SOPORTES EN IMAGENES DE LA VINCULACION DEL
LABORATORIO DE INFECCION E INMUNIDAD A LA
RED DE REGISTRO DE LABORATORIOS (RELAB) Y A
LA RED NACIONAL DE DIAGNOSTICO COVID-19

Carlos Fernando Narvaez
Médico Inmundlogo
Jefe Division de Inmunologia
Facultad de Salud
cfnarvaez@usco.edu.co
Neiva — Huila

Octavo Informe Técnico Trimestral
Agosto de 2022
Universidad Surcolombiana
Facultad de Salud — Programa de Medicina
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Soportes de la vinculacion del Laboratorio de Infeccion e
Inmunidad a la Red Nacional de Diagnostico COVID-19
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Estos son los laboratorios autorizados para realizar pruebas = ) , ,
de COVID-19 en Colombia SIINS  tnstituto Nacionl de Salud e o)

El INS tiene un listado de 188 laboratorios autarizados para el procesamiento de pruebas COVID,
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Estos son los laboratorios autc X

@ MNoticias coronavirus-laborater X +

@ ins.gov.co/Noticias/Paginas/coranavirus-laberatorios.aspx 6 % » 0@

Procesamiento por tipo laboratorio
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Listado de laboratorios avalados: proveido por el INS

. INSTITUTO
NACIONAL DE

W suon
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Departamento o distri Correo
AMAZONAS LDSP Amazonas LDSP Isp@amazonas. | Calle 10 No. 6-63
gov.co Leticia - Amazonas

Calle 75 # 79A - 51 Bloque
M15

ANTIOQUIA Universidad Nacional sede Medellin |op, coord_cowohe@ | Facultad de Minas
Laboratorio One Health unaleduco  |Ingeominas

Universidad Nacional de
Colombia, Medellin

<andraines. ;:jnera 72A#-78B-141 Piso 3
ANTIOQUIA LDSP Antioquia LDsP ;agn;v@cgnﬂcqul o Robledo
-gov- Medellin - Antioquia
. ) Calle 27 #45-109 Ayudas
ANTIOQUIA SURA Faborat ontacioasudas o SURA piso 4.
Medellin
dirmicrobiologia
@uda.educo
. o i Calle 67 # 53 108 blogue 5 of
ANTIOQUIA Universidad Antioquia sp Maboratoriodos | o0
ente@udea
edu.co
directorgeneral
ANTIOQUIA Corporacién para Investigaciones | g @ciborgco  |Carrera 72A# 788 - 141,
Biologicas azuliaga@cib. |Medellin
ora.co
Hospital Pablo Tobon Uribe
. ) Calle 78 b 69 - 240
ANTIOQUIA Hospital Pablo Tobon Laborat saram ! clinico torre B piso
Medellin
fabiorpo@clinic
) asomer.com | Clinica Somer
ANTIOQUIA Clinica SOMER Rionegro Laboratorio Calle 38 N 54A-35
vivado ) G y
corozco@clinic | Rionegro Antioquia
asomer.com
¥ o Clinico L m |Calle 22 #2-15
CORDOBA Humalib SAS Privado alib.com Monteria - Cordoba

Carrera 1w #38-153 bloque 5
Laboratorio de investigaciones

Laboratorio Universidad Sinu sede |Laboratorio catalinatovar@ | oo~ &
CORDOBA Cérdoba Privado unisinuedu.co | Biomédicas
Barrio Juan XXIIl
Monteria - Cérdoba
CUNDINAMARCA Agrosavia Cl Tibaitata Laboratorio | ramartinez@ar [Km 14 Via Mosquera,
Privado osavia.co Cundinamarca
e aboratorio
Hospital universitario de la \aboratorio. ,
CUNDINAMARCA i LDSP !ger@hus,org cra 8 # 0- 29 Bogota
CUNDINAMARCA Hospital Cardiovascular de . Laboratorio@hc | Cra 1 este No. 31-58 8.
c csa.com.co San Mateo Soacha
nathaly. Calle 21 ANo. 70-10 Parque
CUNDINAMARCA LDSP Cundinamarca 'F',?i'\’l‘;f;“”" i Industrial

marca.gov.co | Bogoté D.C.

coordinadorlabh

Laboratorio Hospital Nuestra Sefiora |Laboratorio

Calle 11 No. 9-99
de las Mercedes - Funza Privado i

CUNDINAMARCA Funza- Ci

)
3

of

&
&

Laboratorio biologiamolecul | 6 16 4 39A bis -31 Salida a

GUAJIRA Hospital San Jose de Maicao Faborat ar@esesaniose | o 16 # 39Abis 31 Sal
demaicao.gov.
0
CUAIRA Laboratorio IPS Sol Wayus Laboratorio | erencia@ipsis | Calle 13 No 11-64 Local 1
Privado olwayuu.com.co| Riohacha , Guajira
CUAIRA LDSP Guajia osP Ispquaiira@am |Calle 12 # 619 Riohacha -
ail.com Guajra
Carrera 20 No. 5B-36
HUILA LSPD Huila LDSP clemenca_Chat | “ganio Calixto Leyva
Neiva Huila
HUIA Laboratorio Clinico Angeles Biologia |Laboratorio | magdalenatalla | Calle 7a#8-10
Molecular IPS Privado @hotmailcom | Neiva Huila

leonormercedes
te

Laboratorio Hospital Hernando Laboratorio

HUILA Calle 9 N. 15-25 Neiva - Huila
—
. L . Calle 9#14-02 Facultad de
HUILA Laboratorio Infeccién e Inmunidad sp cfnarvaez@usc Salud, Universidad

Univ Surcolombiana o.edu.co

Surcolombiana, Neiva, Huila.




LABORATORIOS QUE ESTAN AVALADOS PARA

REALIZAR DIAGNOSTICO DE SARS-COV2

Venta Servicios|Laboratorio Clinica de Putumayo 10/08/2020[Putumayo 114
LDSP LSP Norte de Santander 12/08/2020|Norte de Santander 115
Venta Servicios|Laboratorio Asoclinic sede Buenaventura 13/08/2020\Valle del Cauca 116
Venta Servicios|Laboratorio Hospital San Rafael Tunja 14/08/2020[Boyaca 117
Venta Servicios|Laboratorio Carvajal IPS 18/08/2020[Boyaca 118
Venta Servicios|Hospital San Jose de Maicao 18/08/2020(Guajira 119
Laboratorio Clinico Subred Integrada Servicios de Salud
Venta Servicios|Norte E.S.E 24/08/2020 120
Hospital Simon Bolivar Bogota D.C.
Venta Servicios|Laboratorio Los Cobos 25/08/2020[Bogota D.C. 121
Venta Servicios|Laboratorio Clinica Shaio 29/08/2020[Bogota D.C. 122
Venta Servicios|Clinica Infantil Colsubsidio 29/08/2020[Bogota D.C. 123
Venta Servicios|Procardio Hospital Cardiovascular 29/08/2020|Cundinamarca 124
Venta Servicios|Hospital Civil Ipiales 29/08/2020|Narifio 125
. . |Laboratorio PECET -
Venta Servicios Universidad de Antioquia 01/05/2020 Antioquia 126
Venta Servicios|Laboratorio Angel ( Synlab) 02/09/2020\Valle del Cauca 127
Venta Servicios|Lab Clinica Nueva (Idime) 02/09/2020|\Valle del Cauca 128
LDSP LDSP Cérdoba 03/09/2020|Cérdoba 129
Venta Servicios|Laboratorio CIDEIM 03/09/2020|Valle del Cauca 130
Venta Servicios|Laboratorio Alife Health 05/09/2020|Bogota D.C. 131
Venta Servicios|Laboratorio Clinico Kheneyzir Fayad SAS 11/09/2020|Atlantico 132
LDSP LDSP Amazonas 9/13/2020 |Amazonas 133
Venta Servicios|Clinaltec 18/09/2020([Tolima 134
Venta Servicios Lab Clinica Rafael Uribe Uribe(ldime) 13/09/2020 135
\Valle del Cauca
Venta Servicios|Lab Colcan sede Cali 18/09/2020|Valle del Cauca 136
Venta Servicios|Laboratorio Clinica Sanitas - Sebastian de Belalcazar 18/09/2020\Valle del Cauca 137
Venta Servicios|Laboratorio Clinica Iberoamericana (Sanitas) 19/09/2020|Atlantico 138
Venta Servicios|Labororatorio del Valle 25/09/2020|Narifio 139
Venta Servicios|Laboratorio Clinico de Servicios Médicos Olimpus IPS 26/09/2020[Magdalena 140
Venta Servicios|Laboratorio Hospital Deptal Narifio 26/09/2020|Narifio 141
Venta Servicios|Laboratorio Hospital Universitario Samaritana 03/10/2020|Cundinamarca 142
Laboratorio del Instituto de
SP Genética Humana de la facultad de Medicina de la Universi- [06/10/2020 143
dad Pontificia Javeriana Bogotd D.C.
Venta Servicios|Laboratorio clinico de la Fundacion Clinica Infantil Club Noel|{08/10/2020|Valle del Cauca 144
.. |Laboratorio Clinica Universitaria Medicina Integral SAS -
Venta Servicios ALVEN & 21/10/2020 Crdoba 145
Venta Servicios|Laboratorio CAFAM 22/10/2020[Bogota D.C. 146
Venta Servicios|Laboratorio Saludpass SA 28/10/2020[Bogota D.C. 147
Venta Servicios|Laboratorio Central Referencia Clin Colsanitas 30/10/2020[Bogota D.C. 148
Venta Servicios|Laboratorio Clinico Angeles Biologia Molecular IPS 06/11/2020Huila 149
LDSP Laboratorio de Salud Publica Departamental Quindio 12/11/2020|Quindio 150
Venta Servicios|Laboratorio Clinico Hematologico Ltda 18/11/2020|Antioquia 151
Venta Servicios|Laboratorio Biotest 02/12/2020}Atlantico 152
Venta Servicios|Laboratorio Clinica Universitaria Pontifica Bolivariana 03/12/2020|Antioquia 153
SP Universidad del Quindio 07/12/2020|Quindio 154
Venta Servicios|Laboratorio Claret Arifio Garcia 16/12/2020|Cesar 155
Venta Servicios|Laboratorio CDI 18/12/2020|Santander 156
Venta Servicios|Laboratorio Masvida de la Costa 23/12/2020|Cérdoba 157
Venta Servicios|Laboratorio Garcia Beltran 26/12/2020[Norte de Santander 158
LDSP Laboratorio de Salud Publica Santander 26/12/2020(Santander 159
Venta Servicios|Laboratorio Infeccién e Inmunidad Univ Surcolombiana 26/12/2020Huila 160
Venta Servicios|Laboratorio Aidalab 04/01/2020Huila 161
Venta Servicios|Laboratorio Clinica Medical Duarte 07/01/2020|Norte de Santander 162

TIPO NOMBRE Acta Inicio Depto No

SP Instituto Nacional de Salud Bogotd 1

LDSP LSP Distrital 13/03/2020|Bogota D.C. 2

SP Universidad Rosario (Sede Quinta de Mutis) 28/03/2020[Bogota D.C. 3

LDSP LSP Valle del Cauca 28/03/2020|Valle del Cauca 4
LDSP LDSP Antioquia 29/03/2020|Antioquia 5
LDSP LDSP Atlantico 30/03/2020|Atlantico 6
LDSP LDSP Cesar 05/04/2020|Cesar 7
Venta Servicios|SURA 08/04/2020[Antioquia 8
P 042020 9
LDSP LSP Narifio 08/04/2020[Narifio 10

SP Universidad Industrial de Santander 08/04/2020|Santander 11
Venta Servicios|Laboratorio Higuera Escalante 08/04/2020|Santander 12
SP Universidad Simon Bolivar 11/04/2020|Atlantico 13

SP Universidad del Cauca 11/04/2020|Cauca 14

SP Agrosavia Cl Tibaitata 11/04/2020|Cundinamarca 15

SP Universidad Tecnoldgica de Pereira 11/04/2020Risaralda 16

SP Universidad de Sucre 11/04/2020|Sucre 17

SP Instituto Colombiano Medicina Tropical ICMT Sede Sabaneta|18/04/2020|Antioquia 18
e e e Vel 04202 9

SP Universidad de Antioquia 18/04/2020|Antioquia 20
Venta Servicios|Hospital Pablo Tobdn 18/04/2020|Antioquia 21
Venta Servicios|Laboratorio Echavarria 18/04/2020|Antioquia 22
Venta Servicios|Compensar calle 26 18/04/2020|Bogota D.C. 23
Venta Servicios|Compensar calle 63 18/04/2020|Bogota D.C. 24

Universidad de los Andes

SP Laboratorio Gencore 18/04/2020 Bogota D.C. 25

Venta Servicios|Fundacion Santa fé 18/04/2020|Bogota D.C. 26
SP Universidad del Bosque 18/04/2020|Bogoté D.C. 27
Venta Servicios|Laboratorio Molecular de Clinica Colsanitas Keralty 18/04/2020|Bogota’ D.C. 28
Venta Servicios|SURA 18/04/2020|Bogoté D.C. 29
Venta Servicios|Laboratorios COLCAN 18/04/2020|Bogota D.C. 30
Venta Servicios|Fundacion Valle de Lili 18/04/2020|Valle del Cauca 31
Venta Servicios|Hospital Universitario del Valle “Evaristo Garcia” 18/04/2020|Valle del Cauca 32
Venta Servicios/lmbanaco 18/04/2020|Valle del Cauca 33
Venta Servicios|Universidad del Valle 18/04/2020Valle del Cauca 34
Venta Servicios|Laboratorio Las Américas 22/04/2020|Antioquia 35
Venta Servicios|IDIME 22/04/2020[Bogota D.C. 36
Venta Servicios|Clinica SOMER Rionegro 23/04/2020|Antioquia 37
SP Laboratorio Direccion Sanidad Policia Nacional 23/04/2020[Bogota D.C. 38

SP Universidad de Caldas 23/04/2020|Caldas 39
Venta Servicios[Hospital Fundacién San Vicente de Paul 24/04/2020|Antioquia 40
Venta Servicios|Laboratorio SYNLAB Colombia 24/04/2020|Antioquia 41
Venta Servicios|Laboratorio Clinico e Inmunoldgico Lorena Vejarano 24/04/2020[Bogota D.C. 42
Venta Servicios|Hemato Oncédlogo 24/04/2020|Valle del Cauca 43
SP Universidad de Cordoba 27/04/2020|Cérdoba 44

SP Corporacion para Investigaciones Bioldgicas 29/04/2020|Antioquia 45
Venta Servicios|Hospital Universitario San Ignacio 29/04/2020[Bogota D.C. 46
SP Laboratorio Direccion Sanidad Ejército 29/04/2020[Bogota D.C. 47
Venta Servicios|Laboratorio Clinico Citisalud 02/05/2020|Atlantico 48

Universidad del Atlantico

SP Laboratorio LIMB 02/OS/ZOZOAtIa'ntico 49
Venta Servicios|Analizar Laboratorio Clinico Automatizado S.A.S 02/05/2020[Bogota D.C. 50
SP Laboratorio Clinico ECOPETROL 02/05/2020[Santander 51
Venta Servicios|Analicemos laboratorio Clinico Especializado 02/05/2020[Tolima 52
Venta Servicios|Asoclinic - Caucaseco 02/05/2020|Valle del Cauca 53
LDSP LDSP Arauca 07/05/2020|Arauca 54
Venta Servicios|Laboratorio Continental 11/05/2020|Atlantico 55
SP Universidad del Magdalena 11/05/2020|Magdalena 56

CORTE 13 ENERO DE 2021

Venta Servicios|Laboratorio Nancy Flérez 15/05/2020|Cesar 57
LDSP LDSP Huila 18/05/2020(Huila 58

SP Agrosavia Cl La Libertad 23/05/2020|Meta 59

LDSP LSP Tolima 23/05/2020(Tolima 60
Venta Servicios|Fundacion Cardiovascular De Colombia Zona Franca 26/05/2020[Santander 61
Venta Servicios|Lab Christus Sinergia Salud -Clin Farallones 26/05/2020|Valle del Cauca 62
SP Universidad Cooperativa de Colombia Sede Medellin 28/05/2020|Antioquia 63
Venta Servicios t’a”b":i;fr?: Sm”mq“'a 30/05/2020), o 64
Venta Servicios|Hospital San Pedro 31/05/2020|Narifio 65
Venta Servicios|Clinica Clinizad 01/06/2020|Narifio 66
Venta Servicios|Universidad Sinu sede Cartagena 04/06/2020|Bolivar 67
SP Universidad Nacional - Laboratorio Micobacterias 06/06/2020|Bogota D.C. 68

SP Universidad Nacional - Laboratorio Max Planck 06/06/2020|Bogota D.C. 69
Venta Servicios|Laboratorio ADILAB 08/06/2020|Antioquia 70

. . |Laboratorio IMAT

Venta Servicios Instituto médico de alta tecnologia S.A.S 08/06/2020 Cordoba 1
SP Universidad Nacional - Laboratorio Biotecnologia IBUN 11/06/2020|Bogota D.C. 72
Venta Servicios|Instituto Nacional de Cancerologia 11/06/2020[Bogota D.C. 73
Venta Servicios|Laboratorio Cristiam Gram 11/06/2020|Cesar 74
Venta Servicios|Unidad Hematoldgica Especializada 11/06/2020|Norte de Santander 75
Venta Servicios[Hospital Universitario Clinica San Rafael 12/06/2020[Bogota D.C. 76
Venta Servicios|Laboratorio Clinica Médicos SA 17/06/2020|Cesar 77
Venta Servicios|Laboratorio Médico de Referencia SAS 19/06/2020|Antioquia 78
Venta Servicios|Hospital Maria Inmaculada 19/06/2020(Caquetd 79
Venta Servicios|Hospital Departamental de Villavicencio 19/06/2020[Meta 80
Venta Servicios|Lab Servicio de Diagndstico Médico SDM 19/06/2020|Valle del Cauca 81
Venta Servicios|Clinica de Occidente 20/06/2020|Valle del Cauca 82
Venta Servicios|Lab Comfandi 24/06/2020\Valle del Cauca 83
Venta Servicios|Laboratorio UNIGEM 29/06/2020[Antioquia 84
Venta Servicios|Biotecgen Laboratorio Clinico 29/06/2020[Bogota D.C. 85
Venta Servicios|Fundacion Cardio Infantil 29/06/2020[Bogota D.C. 86
SP Universidad de Pamplona 29/06/2020|Norte de Santander 87

Sp :':\]:2:232;) :slsl:lztéttljézgllstntal de Ciencia, Biotecnologia e 03/07/2020 B0gotd D.C. 83
Venta Servicios|Laboratorio Investigacion Hormonal 03/07/2020|Bogota D.C. 89
LDSP LDSP Boyaca 04/07/2020|Boyaca 90

SP Instituto Colombiano Medicina Tropical ICMT sede Apartado|08/07/2020/Antioquia 91

Venta Servicios|Laboratorio Sinergia Global 10/07/2020[Bogota D.C. 92
Venta Servicios|Hospital Santa Clara 10/07/2020[Bogota D.C. 93
SP Laboratorio ICA 11/07/2020[Santander 94

Laboratorio Universidad de Santander UDES

SP Laboratorio LIBB 13/07/2020Santander %
Venta Servicios|Hospital Regional de la Orinoquia - HORO 16/07/2020(Casanare 96
SP Universidad Lasallista 17/07/2020|Antioquia 97
Venta Servicios|Laboratorio Bonnadona 17/07/2020|Atlantico 98
Venta Servicios ;ngaalgon Grupo de Estudio Barranquilla - Laboratorios 19/07/2020At|a’ntic0 99
SP Universidad de la Salle 20/07/2020[Bogota D.C. 100
Venta Servicios|Laboratorio de Gencell Pharma SAS 22/07/2020[Bogota D.C. 101
Venta Servicios|Laboratorio de la Clinica Los Nogales 22/07/2020[Bogota D.C. 102
Venta Servicios|Laboratorio Clinico del Hospital Infantil Los Angeles 22/07/2020|Narifio 103
Venta Servicios|Laboratorio Yamina Cumplido 23/07/2020Sucre 104
Venta Servicios[Bienestar IPS 25/07/2020|Atlantico 105
Venta Servicios|Laboratorio Yunis Turbay 25/07/2020[Bogota D.C. 106
Venta Servicios|Laboratorio Clinica del Norte 29/07/2020|Atlantico 107
Venta Servicios|Laboratorio Echavarria sede Bogotd 29/07/2020[Bogota D.C. 108
Venta Servicios|Laboratorio Hospital Hernando Moncaleano 01/08/2020|Huila 109
Venta Servicios|Laboratorio Clinica Medihelp 03/08/2020|Bolivar 110
Venta Servicios|Laboratorio Clinica de la Costa 06/08/2020JAtlantico 111
Venta Servicios|Laboratorio Respirar 06/08/2020|Chocd 112
Venta Servicios|Hospital Erasmo Meoz 10/08/2020|Norte de Santander 113
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ANEXO 12

Soportes de la vinculacion del Laboratorio de Infeccion e Inmunidad de la
Universidad Surcolombiana a la plataforma de Registro de Laboratorios a nivel
nacional (RELAB). Se muestra registro de pruebas validadas ofrecidas. De notar,
se demuestra el incremento en las capacidades para el abordaje molecular y
serologico de enfermedades emergentes a nivel regional, en particular las
producidas por infeccion con Flavivirus y SARS-CoV-2.
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ANEXO 13

Articulo cientifico publicado en la revista Viral Immunology. En él se analiza el
efecto de Dengue virus sobre plaquetas humanas y sus precursores para tratar de
entender la trombocitopenia que caracteriza la infeccion por DENV.
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Dengue Virus and Platelets:
From the Biology to the Clinic

Paula X. Losada, Isabel DelLaura? and Carlos F. Narvaez'

Abstract

Dengue is one of the most important vector-borne viral illnesses found in tropical and subtropical regions.
Colombia has one of the highest rates of dengue cases in the Americas. Severe dengue virus (DENV) infec-
tion presents with capillary leakage, hemorrhage, and organ compromise, eventually leading to death. Over the
years, there have been many efforts to develop a vaccine that guarantees protective immunity, but they have been
partially successful, as such immunity would need to guarantee protection against four distinct viral serotypes.
Absolute platelet count is a laboratory parameter used to monitor the clinical progression of DENV, as infection is
often accompanied by thrombocytopenia. Although this finding is well described with respect to the natural
history of the disease, there are various hypotheses as to the cause of this rapid decrease, and several in vivo and
ex vivo models have been used to explain the effect of DENV infection on platelets and their precursors. DENV
infects and activates platelets, facilitating their elimination through recognition by phagocytic cells and peripheral
margination. However, infection also affects the precursors in the bone marrow by modulating megakaryopoiesis.
The objective of this article is to explore various proposed mechanisms of DENV-induced thrombocytopenia to
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better understand the pathophysiology and clinical presentations of this highly relevant viral infection.

Keywords: Dengue virus (DENV), platelets, megakaryocytes, cytokine, MEG-01

Introduction

ENGUE VIRUS (DENYV) INFECTION is associated with

high morbidity and mortality among both children and
adults in tropical and subtropical regions. DENV is a public
health issue, as it is transmitted by Aedes mosquitoes (pri-
marily Aedes aegypti) and therefore can impact a high per-
centage of the population, imposing a large burden on health
care systems (39). During 2019, the incidence of dengue in
the Americas was >321 dengue cases per 100,000 people.
A total of 1,538 deaths were also reported and the highest
recorded number of infections in the history of dengue in the
region (119).

Early clinical management is fundamental for avoiding
progression to the severe form of the disease. However,
there is currently no specific antiviral treatment available.
Vaccination has been proposed as an effective preventative
strategy. In 1944 and 1945, Kimura and Hotta (45) and

Sabin and Schlesinger (97) developed the first monova-
lent vaccines. At present, the only DENV vaccine ap-
proved in some countries for use in humans is Dengvaxia ™,
a chimeric tetravalent vaccine with a live virus (CYD-
TDV) that uses yellow fever viral strain 17D as a base,
with recombinant genes—premembrane (PrM) and en-
velope (E)—along with each of the four DENV serotypes
(42). This vaccine has been controversial owing to differ-
ences in its efficacy against different viral serotypes and an
increase in the risk of severe illness when given to young
children previously unexposed to DENV (43,109).

There are other vaccines in the final phases of clinical
trials. One of these is the Takeda vaccine candidate (TAK-
003), a vaccine that consists of a DENV-2 virus base with
chimeric DENV-DENYV (53,117). Other vaccines include a
live attenuated (LAV Delta 30), DENV180 protein subunit
(DEN1-80E), and DENV DNA vaccine, also in advanced
stages of study (32,33).

'Divisién de Inmunologia, Programa de Medicina, Facultad de Salud, Universidad Surcolombiana, Neiva, Huila, Colombia.
Duke University School of Medicine, Durham, North Carolina, USA.
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In recent decades, there have been continued efforts to
understand and treat DENV infection. Although it is accep-
ted that prevention and management of the infection are key,
it is also fundamental to understand the impact of DENV at
the cellular and tissue levels. Accordingly, observational and
experimental studies have explored this topic (3,34,48,70,84).
The current classification of DENV infection uses not only
clinical signs and symptoms but also certain laboratory
parameters such as hepatic enzymes. Laboratory tests may
be used for diagnostics or to follow the disease course (116).
For example, a decrease in absolute circulating platelet
count has been correlated with severe forms of the disease in
animal models and humans (71,82).

A fast and significant decrease in the absolute count num-
ber of circulating platelets is a common pathophysiological
phenomenon with clinical consequences during DENV in-
fection (56,116). Thus, it has been proposed that this specific
cell type is a preferential direct and indirect target of viral
infection (80,100). Several mechanisms, including the ef-
fects of DENV infection on bone marrow platelet precursors
or peripheral vascular consumption of mature platelets, have
been proposed to explain the decrease in the absolute
number of this cell type in circulation during DENV in-
fection (6,88). The objective of this article is to discuss the
current state of knowledge about DENV-platelet interac-
tions and the possible causes of thrombocytopenia during
DENV infection.

Can DENV Infect Human Platelets, and How Does
This Affect Its Pathogenesis?

The first attempts at the viral infection of platelets were
conducted in the 1950s and consisted of exposing human
platelets to influenza virus inducing their agglutination
(26,73) and then, enabling the capture of the first images of
viral infection of platelets using electronic microscopy (30).

Human platelets are small cytoplasmic fragments ranging
2-4 ym in diameter derived from bone marrow megakaryo-
cytes. They travel through blood vessels and contribute to
primary hemostasis and subsequent coagulation through
activation and aggregation. Mitochondria, endoplasmic retic-
ulum, lysosomes, and between 50 and 80 granules are found
in the cytoplasm of each platelet (36). The granules can be
grouped into three major types: o-granules, dense granules,
also called J-granules, and lysosome-like granules. The o-
granules contain proteins such as chemokines, cytokines,
and growth factors necessary for platelet function. They con-
tain small molecules such as adenosine diphosphate (ADP),
serotonin, polyphosphates, glutamate, histamine, and cal-
cium, which are necessary for hemostasis. The third type
of granule functions similar to lysosomes, which vary in
molecular cargo, biogenesis, trafficking, and exocytosis.
Other organelles present in platelets include peroxisomes
and T granules, characterized by the upregulation of Toll-
like receptor 9 (TLR9) during pro-platelet production (36,110).
Furthermore, platelet lysosomes contain glycohydrolases
along with enzymes that degrade glycoproteins. Although
the principal role of platelets is to maintain hemostasis, they
also play an important role in other pathophysiological
processes, such as tumor growth, metastasis, inflammatory
response, and host defenses, as they are an important source
of cytokines (19,60).

LOSADA ET AL.

The presence of DENV in platelets and its capacity to
enter these cells have been studied for years. It has been
confirmed that platelets can bind and internalize infec-
tious agents (19,20,41). However, the impact of DENV on
these cells is only partially known. The recognition of viral
pathogen-associated molecular patterns (PAMPs) through
pattern recognition receptors (PRRs) facilitates the produc-
tion of interferon (IFN)-I, whose stimulating antiviral and
immune properties are beneficial for viral elimination. In the
short term, IFNs impact hematopoiesis, resulting in tempo-
rary aplasia and potential alteration of megakaryopoiesis.
This decrease in the regulation of hematopoiesis is likely a
protective mechanism of the microenvironment that limits
damage to the marrow compartment or progenitor cells dur-
ing the process of elimination of infected cells (74,83).

In vitro models have been used to identify platelet mech-
anisms of viral binding and internalization through proteo-
glycans such as heparan sulfate and DC-SIGN, a C-type
lectin receptor. It has been shown in human platelet pre-
cursors in vitro that once the virus has entered the cells, it
begins with a replicative cycle and the translation of viral
proteins, thus continuing to replicate its genome, and finally
assembling new virions (8).

Once infected, platelets increase the expression of cell
membrane proteins such as CD40 ligand (CD40L), CD42b,
CD62P, and major histocompatibility complex class I
(MHC-I). Evaluation of these interactions using primary
human platelets and DENV serotype 2 (DENV-2) has
shown a significant increase in CD40L in the culture
supernatant and greater secretion of cytokines such as
granulocyte-macrophage colony-stimulating factor, inter-
leukin (IL)-6, IL-8, IL-10, and tumor necrosis factor (TNF-u)
compared with controls (77).

One method of confirming viral replication, apart from
genome amplification (positive or negative single-strand
RNA) using real-time RT-PCR (RT-qPCR), is through the
detection of structural and nonstructural proteins. Among
these, nonstructural protein 1 (NS1) has emerged as a useful
alternative. This protein is not present in the infecting viral
particle, but it is expressed and actively secreted by infected
cells. Although it is known to be essential for viral repli-
cation, the exact mechanisms through which it participates
in this process are not entirely known (24). NS1 is also a
protein highly utilized in current diagnostic evaluation.

Furthermore, it is possible to isolate platelets in peripheral
blood for subsequent in vitro infection with DENV. Meth-
ods such as RT-qPCR can then be used to quantify viral
RNA and western blots can be used to identify the NS1 pro-
tein, confirming replication and translation of the viral
genome in thrombocytes (100). However, it has also been
observed that infectious viral particles do not accumulate in
platelets or their precursors in culture (50). Previous findings
suggested that although platelets support DENV replication,
they do not assemble or release even very low titers of
infecting viral particles (50,100).

It is not clear whether platelets contribute to the trans-
port and dissemination of DENV infection in vivo or if, on the
contrary, they aid in host defense against the infection. For
now, the debate continues, and the hypothesis has been pro-
posed that the DENV-platelet interaction may have a dual
role depending on the infecting serotype and the environment
in which platelets and megakaryocytes are found (35).
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Platelet activation has also been reported in human nat-
ural DENV infection, as demonstrated by the increase in
expression of membrane proteins such as platelet integrin
receptor (aIIbf3), lysosomal marker CD63, and granular
marker CD62P (P-selectin) (71).

Platelets are involved in the pathophysiology of DENV
infection through partially described mechanisms. First, as
immune cells, platelets enable the host immune system to
activate a-granules, which release cytokines such as platelet
factor 4 (PF4), RANTES, platelet-derived growth factor,
and transforming growth factor-beta (TGF-f) (65). Second,
thrombocytes can impact the integrity of endothelial cells
that coat blood vessel walls, because platelets and their
precursors secrete vascular endothelial growth factor A
(VEGF-A), which alters the phenotype of endothelial cells,
thus increasing vascular permeability. This activation ex-
plains in part the capillary leakage classically observed in
patients with severe forms of DENV infection. Significantly
increased circulating levels of VEGF-A have been found in
patients with more severe forms of the illness (38,64,107).

The rapid and transient thrombocytopenia and subsequent
recovery observed in DENV infection suggest that short-
lived immune factors such as cytokines are responsible, at
least partially, for this process (102). DENV infection
induces a significant systemic cytokine response secreted from
innate and adaptive compartments, and the rapid and transient
increase in cytokines has been proposed as a mechanism related
to endothelium activation, vascular leakage, and severe clinical
forms of DENYV infection (14,18,103). Some of these cyto-
kines, such as IL-8, IL-10, TNF-«, and soluble receptor-II
(sTNFRII) (40,58), have been negatively correlated with the
platelet count.

The application of recombinant human IL-10 to healthy
adults resulted in thrombocytopenia. This effect was associated
with a decrease in the number of megakaryocytes in bone
marrow rather than a decrease in platelet half-life owing to
peripheral sequestration (101). In addition, the application of
TNF-o induces endothelial damage with platelet aggregation
mediated by von Willebrand factor (vWF) and adhesion
molecules in a human melanoma model (92). Caspase acti-
vation (Caspase 3, particularly) has been observed in murine
platelets exposed in vivo or in vitro to TNF-o, a finding that
supports cell death as a mechanism involved in TNF-o-
mediated thrombocytopenia (85). Thus, TNF-o is one of the
cytokines clearly associated with thrombocytopenia through a
decrease in platelet half-life in the periphery.

Nevertheless, many questions remain unanswered regard-
ing thrombocytopenia induced by DENV infection, such as
the in vivo contribution of the spleen and endothelium or the
mechanisms of thrombocytopenia during primary or sec-
ondary infection (57). Purified primary platelet models have
been used for decades and have been useful for elucidat-
ing direct viral effects on these cells. However, they have
important limitations, such as platelet activation induced
by the purification process.

New models for the study of thrombocytopenia in DENV
are needed (12). The development of both immunodeficient
and immunocompetent murine models will be key. As has
been evaluated in models of autoimmune thrombocytopenia,
adoptive transfer from infected individuals could provide
additional information on humoral and cellular factors re-
sponsible for the drop-in platelet numbers during DENV
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infection. In addition, the analysis of platelet functionality
through evaluation of its aggregation capacity is another
important source of information on the role of platelets in
DENYV infection (111).

Effects of DENV Infection on Platelet Precursors

Another effect of DENV infection is bone marrow sup-
pression. The reduction of megakaryopoiesis and granulo-
poiesis in the first 4 days of infection accounts for the
decrease in leukocyte and platelet counts in peripheral blood
(13). Once the critical phase of the illness has passed, recov-
ery of the absolute cell count occurs notably in conjunction
with clinical improvement, as hyperplasia of megakaryo-
cytes, myeloid cells, and erythrocytes has been observed
after the 6th day following symptom onset (76,114). Under-
standing the causal mechanisms of the bone marrow changes
and their impact on thrombopoiesis is key to understanding
DENV pathology, offering an opportunity to impact both di-
agnosis and management and, therefore, the patient’s outcome.

Hematopoietic stem cells and megakaryocytes represent
~0.4% of the total cellular contents of bone marrow; as a
result, these cells are difficult to isolate and study. The use
of cell lines derived from these types of precursors, which
partially resemble the conditions observed in vivo, has
been considered an alternative to evaluating the interaction
between DENV and human platelet precursors in vitro.

During the initial stages of platelet progenitor maturation,
glycoproteins GPIIb (CD41a) and GPlIla/f3 (CD61) are
early markers of megakaryocytes (MK) differentiation (63).
At this time, they are the most abundant proteins on the
platelet precursor surface and they form a functional dimeric
complex that recognizes and binds to fibrinogen and vWF
(94). During the course of maturation, they start to express a
second VWF receptor, which consists of three chains called
GPIb «, GPV, and GPIX, known in conjunction as CD42b, a
marker that is commonly used to differentiate between im-
mature and mature MKs (63,99).

Megakaryocyte and erythrocyte precursors have been de-
scribed taking a role in the immunity during DENV infection
(17). There is evidence of changes in the morphology and
proportions of the cell populations in bone marrow infected
with DENV (75). The first reports by Bierman and Nelson
showed that patients with severe dengue had few to no MKs
during hospitalization per analysis of their bone marrow as-
pirate. Then, during the convalescent phase, both their im-
mature and mature MK counts had recovered (13), which
gave rise to further studies that have confirmed that DENV
infection is accompanied by a decrease in central thrombo-
poiesis in human and animal models (76,87). These obser-
vations are most consistent with early suppression of
megakaryocytopoiesis in the bone marrow (76).

The primary precursor cells necessary to explore these
theories must be obtained using bone marrow aspiration—a
painful and invasive procedure. Thus, many studies have used
components of peripheral blood, which are more practical and
easier to obtain. One study reported a positive correlation
between viral load in the plasma of patients with acute dengue
and the circulation of CD61-positive cells (an MK marker), as
well as with an increase in IFN-y levels in serum (46).

MK and megakaryocytic cell lines respond to viral in-
fections and recognize viral PAMPs, thus secreting high
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levels of IFN-o and f§ (4), which reduce the production of
platelets in vitro through autocrine IFNAR signaling. Apart
from the reduction in platelet production, it is expected that
the direct infection of MK, the involvement of PRR, and
locally induced cytokine signaling change the phenotype of
platelet progeny generated during the infection; this would
influence immune and inflammatory processes mediated by
platelets in the periphery (51).

In vivo studies, starting with modeling infection through
viral inoculation of humanized mice and using quantifica-
tion of viral RNA and flow cytometry to detect intracellular
expression of E viral protein in bone marrow samples, have
shown that 1.5% of immature human megakaryocytes and
35% of mature megakaryocytes become infected with DENV
during infection (112). Furthermore, the pattern of selective
expression of membrane proteins is necessary for DENV to
infect this cellular population, thus affecting the dynamics
of thrombopoiesis.

Models of MK and platelet infection have been proposed
ex vivo. Hematopoietic precursor cells from the umbilical
cord stimulated with a cocktail of cytokines consisting
of thrombopoietin, IL-9, IL-6, and SCF, differentiate into
immature MKs. After treatment with DENV, these cells
maintained a constant level of viral RNA that persisted, but
did not increase, over time (112).

In vitro studies have advanced our understanding of the
impact of infection on host cells. The use of cell lines pro-
vides an opportunity to analyze the impact of viral infection:
MEG-01 cells have been particularly useful, as they are
megakaryoblastic cells obtained from the bone marrow of a
patient with chronic myelogenous leukemia in blast crisis
(78). DENV-2 propagates efficiently and produces viral par-
ticles when infecting this cell line (28). Infection has been
detected through the presence of viral RNA inside MEG-01
cells, confirming that these cells are susceptible to DENV-2
virus infection (8). This cell line differentiates into mature
platelets under certain conditions, making it an attractive
in vitro model to study the effect of DENV infection on
thrombopoiesis.

One characteristic of platelet progenitors that appears to
be influenced by the infection is the endomitosis, where
mitosis is interrupted in the middle of anaphase and the cell
enters a new mitotic cycle. As a consequence, the number of
chromosomes increases inside a single-lobed nucleus, re-
sulting in polyploidy. This condition allows for the ampli-
fication of the cellular genome to support the synthesis of
the proteins necessary for cellular growth and the formation
of platelets. Thus, DENV infection disturbs platelet forma-
tion and may contribute to the genesis of thrombocytopenia
(5). The production of platelet-like particles derived from
MEG-01 cells has been demonstrated through treatment
with phorbol 12-myristate 13-acetate (PMA), a potent acti-
vator of protein kinase C (PKC) (106).

Owing to the multiple actions of PKC isoforms, the mech-
anisms of PMA-induced differentiation of MEG-01 cells
are very diverse. In general, it is used to recreate particles
similar to mature platelets in vitro from the MEG-01 cell
line. These particular cells show an increase in f1-tubulin,
which is important for the late phase of MK differentia-
tion and the early phase of circulating platelet production.
Therefore, PMA-treated MEG-01 cells are considered a
valid model to study the process of platelet production (47).

LOSADA ET AL.

The maturation stage of platelet development in the con-
text of DENV infection appears to influence the cellular ca-
pacity of viral replication. Existing theories propose that
differentiation of platelet progenitors results in increased
replication of DENYV, as a greater number of viral RNA
copies are observed in MEG-01 cells that have been infected
and then differentiated with PMA than in those that do not
undergo differentiation. Nonstimulated MEG-01 cells are
susceptible to DENV infection, whereas MEG-01 cells that
are differentiated and prestimulated with PMA are refractory
to infection and viral replication (8). In conclusion, DENV
infects primary and cell line-derivate platelet progenitors and
affects the process of megakaryopoiesis, which directly, or in
combination with other factors, results in the decrease in
platelet counts as observed in patients with dengue.

What Explains Thrombocytopenia
in DENV Infection?

An understanding of the complex interactions between the
virus, platelets, and other cellular populations is necessary to
understand the context of DENV infection. Platelets and
leukocytes are fundamental for primary hemostasis and co-
agulation. The leukocyte—platelet interaction is modulated by
various proteins, such as CD42 (glycoprotein GPIb) on
platelets, macrophage-1 antigen (MACI, also known as
oaMf32), complement receptor 3 (CR3), CD11b, and integrin o-
M (ITGM). Once interactions are established, phagocytic cells
are recruited to the inflamed endothelium, where they identify
damaged or altered thrombocytes and eliminate them (11).

It has been shown that isolated platelets from the periph-
eral blood of patients in the acute phase of DENV infection
are activated and trapped by monocytes, demonstrating a
role of monocytes and macrophages in DENV thrombocy-
topenia (34,98). However, when inactivated by prostaglan-
din E2 (PGE2), phagocytosis is halted (37), as PGE2
inhibits platelet activation and aggregation, thus inhibiting
various stages in the activation of the arachidonic acid met-
abolic cascade. This cascade normally activates adenylyl
cyclase, increasing the levels of AMPc, a crucial mediator of
platelet aggregation (29). In turn, both this signaling path-
way and the consequent cellular interactions are impacted
by DENV infection of platelets.

The host immune response results in decreased peripheral
platelet counts in DENV-infected patients through several
partially understood pathways. Three complementary and
not mutually excluding theories have been proposed
(Fig. 1): A. A decrease in platelet production as a conse-
quence of selective suppression in bone marrow (Fig. 1A).
B. An increase in peripheral platelet consumption (Fig. 1B).
C. Platelet lysis occurring through the formation of immune
complexes (9) (Fig. 1C).

DENV can directly infect and induce cell death of
platelet precursors in bone marrow (10) (Fig. 1A). In ad-
dition, the application of domain III fragment from the
E protein induces suppression of mice and human platelet
precursors in vivo and in vitro, respectively (59), demon-
strating that viral replication or whole dengue viral parti-
cles are not a necessary requirement for bone marrow
suppression (Fig. 1A). Immune factors released in response
to viral infection such as IFNs can induce significant effects
the megakaryopoiesis.
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FIG. 1. Cellular and molecular interactions contributing to thrombocytopenia during DENV infection. (A) In the short
term, whole DENV or viral fragments such as domain III (DIII) of E protein can induce apoptosis of platelet precursors in
the bone marrow. Also, cytokines (such as IFNs) signaling can affect the megakaryocytic lineage during infection. In the
context of viral infection, IFN dimerization of receptor subunits causes the activation of proteins such as Tyk2 and Jakl,
which eventually activate signal transducers, and transcription activators such as the STAT family of proteins. This
mediates the activation of transcriptional proteins that play important functional roles in the development and differentiation
of these cells, fibrinogen binding, P-selectin externalization, and cell aggregation. Other pathways involved in the THPO
signaling such as the PI3K/AKT/mTOR axis have been recently shown to be inhibited by DENV infection. (B) Circulating
platelets can be activated by monocytes, by the pathogen through receptors that mediate viral entrance, and by factors such
as thrombin, which then releases molecules such as PAF as well as coagulation cascade activators such as thromboxane,
ADP, and tissue factor. This induces platelet aggregation via the interaction between molecules such as P-selectin (CD62P)
and PSGL-1 found in endothelial cells. Products released from activated mast cells such as serotonin, cytokines, and
histamine induce subsequent activation of vascular endothelial cells, which increases platelet aggregation. Mast cells also
release tryptase, an enzyme with the capacity to disrupt intercellular endothelial junctions. (C) Infected platelet—phagocytic
cell interactions are conducive to platelet phagocytosis through recognition by molecules such as Toll-like receptors, and
this interaction can enhance the inflammatory response. Cellular lysis can be mediated through antibodies that can activate
the classical complement pathway owing to the formation of the MAC, the presence of CR3, or the recognition of antigen-
specific antibodies against the virus by FcyRIIA. ADP, adenosine diphosphate; CR3, complement receptor 3; DENV,
dengue virus; MAC, membrane attack complex; PAF, platelet-activating factor; PSGL-1, P-selectin glycoprotein ligand-1;
THPO, thrombopoietin. The Figure was created with BioRender.

Various studies in human and murine models have dem- In support of the theory of peripheral platelet consump-
onstrated that alterations in the signaling pathway of tion (Fig. 1B), patients with DENV infection may develop
IFNs contribute to the depletion of hematopoietic progeni- disseminated intravascular coagulation (DIC), a condition
tors, thus affecting the signaling pathways of canonical caused by the continual activation of the coagulation cas-
and noncanonical transcription factors, which may act as a cade and fibrinolytic system. In DIC, circulating platelets
myeloid differentiation checkpoint in hematopoietic stem are activated by multiple factors, such as thrombin, which
and progenitor cells (68) (Fig. 1A). In support of this, rapid then release a variety of immune-stimulating molecules,
and remarkable thrombocytopenia depending on the type I  such as histamine and platelet-activating factor, as well as
IFN expressed in bone marrow is induced after injection of  coagulation cascade activators, such as thromboxane, ADP,
TLR agonists in vivo (93). and tissue factor (Fig. 1B). The consumption of procoagu-

It has also been proposed that a decrease in IFN-y levels lant factors contributes to one of the frequent complications
results in depletion of stem cells and therefore suppresses of infection—hemorrhagic syndrome—which is one defini-
marrow function (68,72). A simultaneous decrease in gran- tion of a severe presentation of the illness (31,116).
ulocytopoiesis and megakaryopoiesis is a strong indicator The other mechanism proposed to explain thrombocyto-
of marrow dysfunction at the level of hematopoietic plu- penia during DENV infection involves antibody-mediated
ripotent stem release cells or that the virus may simulta- peripheral destruction of platelets (Fig. 1C). A unique feature
neously affect progenitors of two or more cell lineages. of DENV is that it has four different serotypes. Although
Recently, other new signaling pathways highly related to these serotypes are structurally related, the generated pro-
megakaryopoiesis such as the PI3K/AKT/mTOR axis have tector host response is homotypic; that is, infection with one
been shown to be modulated by DENV infection (55) serotype does not generate long-lasting protection against
(Fig. 1A). the other three (44).
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However, during secondary DENV infection, preexisting
antibodies—particularly those against viral proteins prM and
E—facilitate efficient binding of immature and mature viral
particles to cells that express Fc receptors (95). Platelets ex-
press the FcyRIIA receptor (Fig. 1C). The binding of anti-
prM-DENV complexes makes platelets susceptible to im-
mune destruction. Platelet-immunoglobulin M or platelet—
immunoglobulin G interactions are also important to explain
DENV-mediated thrombocytopenia and the more severe pre-
sentations of this disease, such as those occurring during
secondary DENV infection (79).

On the contrary, platelet-DENV complexes can bind to
C3, IgM, and IgG, which subsequently facilitate their elim-
ination through immune pathways (6,80,113) (Fig. 1C). It is
important to take into account that the functions of C3
fragments and IgG include cellular opsonization and clear-
ing (89). Flow cytometry has been used to evaluate proteins
bound to the platelet membrane in supernatant from patients
with acute dengue infection, showing an increase in binding
of these proteins to the platelet membrane, which coincides
with the timing at which the platelet count is the lowest, as
recorded in the peripheral blood during days 4 and 6 of the
disease course (80).

As the time course of the infection continues, platelets
are activated and consequently decrease in count owing to
recognition by phagocytic cells (Fig. 1C). Viral proteins on the
membranes of infected platelets are recognized through inter-
action with Toll-like receptors 2 and 4 (TLR2, TLR4), which
facilitate activation, aggregation, and adherence to endothelial
cells and phagocytosis through macrophages (7,22) (Fig. 1C).

DENYV can also activate platelets through lectin type C re-
ceptors, such as SLK 2, which at the same time stimulate
macrophages and neutrophils through the CLEC 5A and TLR2
pathways (104,105). Neutrophils are then activated, forming
neutrophil extracellular traps (NETs), which favor pro-
thrombotic cells such as platelets, red blood cells, and molecules
involved in intrinsic and extrinsic coagulation (89,104). NETs
also activate platelets through TLR4, which generates a positive
feedback circuit of additional NET and platelet activation.

Other proinflammatory and coagulation cascade-related
molecules that interact with platelets are induced during dengue
infection. After DENYV infection, several cell lines and human
primary cells show increased expression of the high mobility
group box1 protein (HMGBI) (25,49,81), a nuclear damage-
associated molecular pattern (DAMPs) released during necrosis
and cell damage (118). Platelets are one of the main sources of
HMGBI1, and HMGBI is also a strong inducer of platelet ac-
tivation (96). Platelet activation through TLR by HMGBI1 in-
duces their aggregation by increasing peripheral sequestration.
In addition, platelet-derived microvesicles containing HMGB1
have been shown to be a strong inducer of NETs (69), further
increasing peripheral platelet loss.

A regulatory mechanism of the proinflammatory effects of
HMGBI is its uptake by thrombomodulin, an antithrom-
botic glycoprotein with anti-inflammatory effects that is ex-
pressed in endothelial cells and monocyte—macrophages (1).
Although both circulating HMGB1 and thrombomodulin
are increased in naturally infected patients with DENV and have
been associated with the clinical severity of infection (2,16),
their role in thrombocytopenia in dengue is not clear.

The role of mast cells and their secreted products has
suggested a new and interesting mechanism of DENV-
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induced thrombocytopenia (Fig. 1B). After in vitro treatment
with DENV immunocomplex, human cord blood-derived
mast cells and mast cell lines release cytokines such as TNF-«
that induce expression of adhesion molecules such as
vascular cell adhesion molecule-1 on the surface of endo-
thelial cells (15) (Fig. 1B). Using mice deficient in mast
cells and mast cells deficient in tryptophan hydroxylase-1
(an enzyme necessary for the production of serotonin in
mast cells), strong platelet and endothelial activation mast
cell dependent, with aggregation and a decrease in platelet
number observed (66).

This effect is mediated through the S5HT,5 receptor
(Fig. 1B), because drugs that selectively inhibit this recep-
tor attenuated the thrombocytopenia (66,67). The increase of
vascular permeability is a key clinical marker of severe dengue.
Enzymes released after mast cells degranulation such as tryp-
tase, have been associated with plasma leakage through dis-
ruption of endothelial tight junctions (91) (Fig. 1B). These
findings indicate possibly new therapeutic targets.

Treatment of Thrombocytopenia During
DENYV Infection

At present, there is no specific antiviral treatment for
infection with DENV, and treatment is focused on aleviating
symptoms and treating clinical events during the infection,
especially those that occur during the critical phase. Pre-
vious efforts have addressed the treatment of thrombocyto-
penia during DENV infection. It is now clear that there is no
correlation between thrombocytopenia and the risk of
bleeding during DENV infection (27,86), although there is a
relationship of thrombocytopenia with the severity of the
disease.

Therapeutic strategies have been developed for the pre-
vention or treatment of bleeding related to thrombocy-
topenia during infection with DENV. To date, platelet
transfusion has been the most studied. Prophylactic platelet
transfusion in patients without bleeding has not shown sig-
nificant reduction in the risk of developing subsequent
bleeding. In addition, it is an expensive procedure with a
high frequency of adverse events (23,62,115), such as urti-
caria, maculopapular rash, and pruritus (61). In addition, a
high percentage of patients, usually those with lower platelet
counts, do not respond or respond poorly to transfusion (52).
Thus, there are clear indications for platelet transfusion in
DENV infection based on a low platelet count with uncon-
trolled continuous bleeding and corrected coagulation fac-
tors, applying the same approach to patients with severe
thrombocytopenia who must undergo a surgical procedure
for other causes (108,116).

Other measures for the treatment of thrombocytopenia,
such as intravenous immunoglobulin or thrombopoietin re-
ceptor agonists, have shown positive results, although strong
evidence is still lacking in this regard (21,54,90). The
above-mentioned limitations and lack of evidence support
the need for controlled clinical trials for the treatment of
bleeding associated with thrombocytopenia in patients with
DENV infection.

The mechanisms summarized in this study contribute not
only to understanding of thrombocytopenia but also to un-
derstanding the hemorrhage and capillary leakage, both
critical clinical characteristics of DENV infection.
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Conclusions

Platelets present in peripheral blood are a cellular sub-
population particularly impacted by DENV infection. DENV-
platelet interactions are only partially understood, and many
efforts over the last few years have made progress in under-
standing the pathophysiology and identifying the causal
mechanisms of thrombocyte alterations. Three theories
have been proposed to explain thrombocytopenia in DENV
infection: selective bone marrow suppression, an increase
in peripheral consumption, and immune complex-mediated
elimination. Furthermore, DENV infection not only affects
platelet counts but also activates these cells on a peripheral
level and initiates several changes at a central level.

It is important to recognize that platelet infection impacts
their functionality and can consequently induce alterations
in hemostasis. It is also necessary to understand DENV in-
fection as a multifactorial vascular illness, where a combi-
nation of immune system activation, coagulation, expression
of anaphylatoxins and inflammatory proteins, and platelet
sequestration and dysfunction results in a strong host response.
Additional studies are necessary to explore the immunopath-
ogenesis of DENV infection and to develop more options
for diagnostics and treatment of a disease that, every year,
takes the lives of thousands of people around the world,
despite public health efforts to control the spread of the
vector.
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