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Survival prediction models have largely been derived and validated only in high-resource : : . : L -
p , o sty , y & Table 1. Baseline demographic characteristics stratified by derivation ST B mortality.
Western countries or in single center studies. We sought to create a prediction model for : aess)| | Unadjusted -
. . . . . . . COhort sites. Antinematodal agents fu BN Cambodia Respiratory rate (>20 breaths per minute) Bivariate Adjusted
28-day mortality using laboratory and physiologic parameters from 3 international sepsis — Agents against leishmaniasis and trypanosomiasis. - ovAG2)| | Score Sensitivity (95% | Specificity | PPV(95% | NPV(95% | o *%%° Cox model
1 ’ ; i - >20 mg | 0 _ctaticti 0
cohorts and extemally validated the model. Variable Total Cambodia Durham, USA  Kumasi, Ghana Antimalarials fE——_. B Ghana BUN (aégFXéi;; Ch) (95% CI) Ch CI) C-statistic C Statl(sjtll)c (95%
_ _ Agents against amoebiasis and other protozoal diseases | — ; 959%, CI
(n=200) (1% (187 immune sera 1= Bfeanionsts (EX% | — 0.45 (0.40 0.21 (0.16 0.89 (0.85 é 59/20 54)
Female gender — no. (%) 243 (42.9) 64 (32.0) 81 (45.0) 08 (52.4) Direct acting antivirals {E" Potassium (>5.5mEq/L)| | MEWS>4* 0.73 (0.63, 0.82) 049 : “026) ’ " 0.93) ' T0.63) ’ 0.63 (0.58,0.68)
. i Sodium (<130 mEq/L vs. 130-145 mEq/L) | e . . . .
IVI e t h O d S Age - yea.rs, median (IQR) 50 (36 — 63) 50 (36 — 62) 52.5 (40 — 63) 46 (35 -63) Drug1;1:;?:;:;1:?2;22:;iuclZSSIZ _=:'_ Heart rate (=90 beats per minute) | ——— NEWS>5* 0.86 (0.77.0.93) | 0.43 (0.38.0.48) 0.25 0.93 (0.89, 0.65 (0.64, 0.68 (0.64.0.73)
Medical history* —no. (%) Other antbacterals. SRR = - R ST 023.028) 0.95) 0.67) o
Canc'er 44 (99) 0 (OO) 44 (24.4) 0 (OO) Combinafions of antibacter?als-' WBC (<4,000 cells/microliter vs. 4,000 - 12,000 cells/microliter) _._ qSOFA 22* 0.54 (0.44, 0.65) 0.80 (0-769 0.35 (0-279 0.90 (0-877 0.66 (O°61= 0.70 (0.64,0.75)
. o . : : : : Cardiovascular 202 (41.4) 22 (18.2) 118 (65.6) 62 (33.2) Quinolone antibacterials | SRe 2} —— 0.84) 0.44) 0.93) 0.71)
* During 2014 to 2021, adult hospitalized patients with suspected infection were enrolled in Durham, _ Aminoalvcoside antibacteriale Mean arterial pressure(<65 mmHg)|  -—e——
Dermatologic 15 (3.1) 1 (0.8) 14 (7.8) 0 (0.0) oglycoside antibacterials Lactate (>2.2mmol/L)|  i—e— SIRS >2* 0.89 (0.80, 0.94) 0.19 (0.16, 0.17(0.14, 0.90 (0.82, 0.53 (0.50, 0.60 (0.54,0.65)
United States (N=180) and those with suspected infection and >2 SIRS (Systemic Inflammatory Endocrine 126 (25.8) 6 (5.0) 74 (41.1) 46 (24.6) Macrolides, lincosamides and streptogramins 1 WBC (12,000 vs. 4,000 - 12,000 cells/microliter)| 4 ~ T 0.23) 0.21) 0.95) 0.57) e
FUUIN N — - _ ' ' ' ' Sulfonamides and trimethoprim s 02 saturation (<92%)|  4— 0.70 (0.65 0.33 (0.27 0.93 0.70 (0.65
Response Syndrome) criteria in Takeo, Cambodia (N=200), and Kumasi, Ghana (N=187). Gastrointestinal 76 (15.6) 4(3.3) 66 (36.7) 6(3.2) Other beta-lactam antibacterials- Temperature (-38°C)| - UVA>2* 0.74 (0.64, 0.83) 0 § b ; i o | ©90095) 0 § b 0.73 (0.68,0.78)
* In Ghana and Cambodia, standardized clinical tests included a peripheral venous blood gas with lactate, Genitourinary or reproductive 34 (7.0) 1(0.8) 33(18.3) 0 (0.0) Beta-lactam a”t‘baCte”a'T:t:’aecr:z:::: o o (pl\:f lﬁ)gye;i:; " *Adjusted Cox model C-statistic is adjusted for age and gender ’
complete blood count, complete metabolic panel, optional HIV screening with consent (Alere Determine HIV 26 (4.7) 12(6.2) 8(4.5) 6(3.2) 0 o % % P = % 7o et sl
. R . - Neurological 62 (12.7) 1(0.8) 44 (24.4) 17 (9.1) Percentage of Sublects Per Site Recelving Medication ALT G 100U |
HIV1/2, Abbott, OK, United States), malaria rapid diagnostic tests (SD Bioline Ag. P.f./Pan, Abbott, OK, Other 206 (42.2) 48397 151 (83.9) 16 Gt | & Table 5. Prediction model for 28-day mortality identified by stepwise selection
1 1 1 1 ' . ' ’ Bilirubin (per mg/dL) ‘ . . . . o« e
United States) and a?mblc blood cultures (f’ne a?mbl? bOtt.le’ Bactee 5050, B.D’ NJ f United States) as part Psychiatric 143 (29.3) 41 (33.9) 78 (43.3) 24 (12.8) TP )| | Cox regression using 10-fold cross validation (C-statistic of 0.80).
. o o1 ¢ . . . . Systolic blood pressure (<100 mmHg)| ==
of St.UdY Rfécedures in Ghana and Camb?fha Microbiologic feSUItS were aVallabl? if COHeCteC? through Renal 41 (8.4) 0 (0.0) 41 (22.8) 0 (0.0) Figure 2. Antibiotics per derivation cohort site. e eS| Parameter HR (95% CI) p-value
routine clinical care across cohorts. Additional molecular testing and next generation sequencing for E;splratorly | ii (; 89;2) Z ((5).:) ;g (411?? g (3.3) 0 VIR R I:Igza rljR alt?o R T PR Sodium <130 mEQ/L (low) vs 130-145 mEq/L (normal) 564 (1.65 _4.03) =0.001
i i t : : : :
pathogens were also performed on blood samples in the Cambodia cohort . eumatologic (5.9) (0.8) (15.6) (0.0) Sodium >145 mEq/L (high) vs 130-145 mEq/L (normal) 2.09 (0.95 _ 4.59) 0.066
Twenty-five clinical laboratory and physiologic parameters were candidate covariates and sepsis Surgery 27(5:5) 00.0) 22 (12.2) > (2.7) . ] - -
3.’ . ry pny gicp p Baseline scores - no. (%) Figure 5. Forest p]ot for bivariate ana]yses for one month Mean Arterial Pressure <65 mmHg (low) versus >65 mmHg (high) 3.34 (1.04 - 10.72) 0.043
screening scores included as comparators. ' : : . Lactate >2.2 mmol/L (high) vs <2.2 (low) 1.67 (1.08 —2.58) 0.022
. o . o o MEWS (>4) 315 (57.8) 81 (40.7) 105 (65.6) 129 (69.3) survival across United States, Cambodia, and Ghana cohorts. .
First, bivariate Cox regression models were performed to determine risk of individual parameters. NEWS score (>5) 324 (61.6) 90 (47.9) 98 (64.5) 136 (73.1) BUN 2 20 mg/dL (high) vs <20 me/dL (low) 240(1.29 -4.49) 0-000
. . . . .o - ' ) ) ) S, Adjudication pathogen class B
Then, a 10-fold cross-validated forward stepwise model selection technique was used to eliminate qSOFA (>2) 139 (25.4) 22 (11.1) 48 (29.6) 69 (37.1) - Bacterial Glasgow Coma Score <15 6.18 3.92 -9.72) =0.001
.. . . . .. . a Participants enrolled
nonsignificant variables using a p-value <0.10 and the cross-validated C-statistic was estimated. SIRS (=2) 447 (81.8) 125 (68.3) 157 (89.2) 165 (88.2) 180 1 Efftﬂlr,ﬂmte n= 435 Prod ol l
: : : : . rediction model results
For comparison, five sepsis screening tools (i.e., qSOFA score, SIRS score, NEWS, MEWS, and UVA UVA (22) 199 (37.8) 47(25.8) 68 (42.8) 84 (45.4) 4 = ® Parasitic . . . . .
: : : Lo Baseline scores 160 Viral 25 deaths (18 prior to discharge) * Among all cohorts, 16.4% (N=93) of participants had died at one month, including 58 (31.0%) in Ghana,
score) were evaluated across three international cohorts for one-month mortality prognostication, : € fai
L : : : : 1 1 : (median [IQR]) -0 withdrawn: 5 falled phletotomy, 22 (11.0%) in Cambodia, and 13 (7.2%) in the U.S. Among those that died within one month, median
providing comprehensive performance estimates in settings with disparate causes of sepsis. _ 140 3 _Ff;‘\r“tc'ganis ot ‘t""!'zzlg todcg”t'“uel ' tenth 44 ’ | ' 1 in Gh T ; 2 10 16) in Cambodia. 10 ’ 0
: : . : MEWS 4 (3-6 3(2-5 1 (0-4 1(1-2 £ with study, 1 rejected blood draws, time to death was 4 days (IQR: 1 to in Ghana, 7 days (IQR: 3 to in Cambodia IQR: 5 to n
* Lastly, the stepwise selected model was applied to an external cohort of hospitalized adults with (3-6) (2-3) (0-4) (1-2) 2 o was in another clinical trial ys (IQ ) ’ ys (IQ ) - 101Q )
- - - _ - 0 - NEWS 6(3-8) 4(2-7) 7(3-9) 6 (4-8) w 1 lost to follow-up the U.S., and 5 days (IQR: 2 to 13) overall.
suspected infection and >2 SIRS in Fort Portal, Uganda (N=331 with 9.3% 28-day mortality). qSOFA 1(1-2) 1 (0-1) 1 (0-2) 1 (1-2) [ v - . . . . . . . .
2 100 * Bivariate analyses identified hypernatremia (>145 mEq/L) being associated with the highest risk of death
SIRS 2 (2-3) 2 (1-3) 3(2-3) 3 (2-3) "g’, 28-day follow-up* h d ratio- 020 . -
UVA 1 (0-3) 1 (0-2) 1 (0-4) 1 (0-4) g 147 146 n=399 (hazard ratio: 7.42; 95% CI: 3.65 to 15.10; Figure 5).
i i i ' © 80 155 . : : : : :
R e S u I t S *There were 79 subjects without comorbidity information in the Cambodia cohort. = . . o * On multivariable analysis, a 28-day mortality model including mean arterial pressure, Glasgow Coma
o0 Figure 6. Flow diagram (Uganda validation cohort) score, blood sodium, lactate, and blood urea nitrogen (Table 5) resulted in a 10-fold cross-validated C-
. . . . . statistic of 0.80 (95% CI: 0.61 to 0.88).
* There were 567 participants across the cohorts including 187 from Kumasi, Ghana, 200 from Takeo, Cambodia, and Table 2. Baseline clinical features in Ueanda sepsis validation cohort o . . . . Thi del d( q i ) v in th lidat b O i 0F0.74 (95% CI
180 from Durham, North Carolina, United States (Figure 1). . g P . . Table 3. Baseline demographlcs for Uganda validation 1s model predicted mortality accurately in the validation cohort with a C-statistic of 0.74 (95% CI:
« At enrollment, the proportion of an elevated qSOFA (>2) at baseline was highest at the Ghana site with 44.4% b Total Takeo, Cambodia Durham, USA Kumasi, Ghana ,\ > _ cohort 0.69 t0 0.79).
_ . . . . . . . . arameter Y o HIV- ti HIV-positi
(N=83) of participants compared to 26.0% (N=52) in Cambodia and 22.2% (N=40) in the United States (Table 1). Median (IQR)  Median (IQR) Median (IQR) Median (IQR) Takeo, Cambodia  Durham, USA Kumasi, Ghana Characteristic Total (N=435) (Nigﬁz;)lve N 2316 )1ve .
 The most common antibiotics administered in United States, Ghana, and Cambodia were beta-lactam antibiotics, but Physiologic parameters Female sex — no. (%) 257 (59.1) 178 (57.6) 79 (62.7) ( O n C I u S I O n S
antibiotic regimens varied widely among sites. The most common antibiotics classes used were “other” antibacterials Respitatory rate (breaths per Age, yrs. — median (IQR) 42.0 (28.0, 57.0) 45.0 (28.0, 60.0)  39.0(29.0, 46.0)
e.g.. glycopeptide antibiotics, 58.9%), beta-lactam antibacterials, penicillins (51.7%), and cephalosporin and . 24 (20, 30) 24 (20, 28) 24 (20, 31) 26 (22, 30) . S - 1 Past medical history — no. , o , , . .
(¢.g.. glycopep . . . .0) . pe ( ) P . porm minute) Figure 3. Distribution of adjudicated pathogen (%)  Diverse antibiotic regiments were used at each site. Confirmation of sepsis source was uncommon.
carbapenem antibacterials (44.4%) in the United States, cephalosporins and carbapenems (64.2%), macrolides, , . : _ o . . o .
. . . o . ) o/ - . Systolic blood pressure (mmHg) 120 (100, 130) 110 (100, 130) 113 (96, 129) 127.5 (110, 140) Class fOI' eaCh site. Diabetes mellitus 25 (5.7) 24 (7.8) 1 (0.8) e All clinical scores (1.6., NEWS’ MEWS, qSOFA, and UVA) were associated with increased mortahty except
lincosamides and streptogramins (37.4%), and other antibacterials (33.7%) in Ghana, and cephalosporins and _ . Heart fail 6 (1.4 5(1.6 1(0.8
, , . , , , , , Diastolic blood pressure (mmHg) 70 (60, 80) 70 (70, 80) 64 (56, 75) 80 (60, 90) cart fatfure (1.4) (1.6) (0.8) SIRS
carbapenems (73.0%), beta-lactam antibacterials, penicillins (46.5%) and aminoglycoside antibacterials (39.0%) in o om0 97 (94. 08 08 (96. 08 95 (97 075 97 (95. 93 Hypertension 51 (11.7) 46 (14.9) 5(4.0) .
Cambodia (Figure 2). xygen saturation (%) (4, 98) (6, 98) (92, 97.5) ©3,98) Liver disease 3(0.7) 3(1.0) 0 (0.0) * Hypotension, altered mental status, serum sodium, serum BUN, and plasma lactate accurately identified risk
.. : ) : i ) ) Temperature (°C 37.9 (37, 38.7 37.5 (37, 38.5 38.1(36.9, 38.89 38.2(37.4,38.8 L ‘ 1.4 1. _ . . . . i . .
« The most common positive microbiologic results overall included bacteremia (N=83), respiratory culture growth perature (*C) _ ( ) ( ) ( ) ( ) urig disease 6(1.4) 6 (1 ) 0(0.0) of death by 28-days among those with suspected sepsis in 3 international derivation cohorts and in a
. . . 1 g . . Heart rate (beats per minute) 105 (94, 118) 96 (86.5, 105.5) 111 (99.5, 124) 111 (99, 118) Malignancy 3(0.7) 3 (1.0) 0 (0.0) o ’
—17), —10), —11). , .. Tobacco use — no. (% validation conort in anda.
(N=19), serum hepatitis B surface antigen (N=15), and malaria rapid diagnostic tests (N=11). A minority (121 of 567 Clinical laboratory parameters (%) lidat hort in Ugand
21.3%) of subjects had confirmed infections with complete adjudicator agreement using all available sources of . Current 19 (4.4) 14 (4.6) 5 (4.0) « Our findings emphasize the importance of clinical laboratory results for sepsis risk stratification.
.. ) : : : .. . C . White blood cells (x10° cells/L) 12.05 (8.13, 16.6) 11.9 (8.2, 16.6) 13.35(9.7, 17.6) 10.76 (7.68, 15.41) e —— e Prior 48 (11.1) 31 (10.1) 17 (13.5)
clinical microbiologic results (with the notable addition of RNA sequencing of samples from Cambodia) including ) —a Phvsiolosi ¢ Limitations
T S101021C parameters —
90 (15.9%) bacterial, 17 viral (3.0%), 20 malarial (3.5%), and 2 (0.3%) fungal infections identified across all cohorts Platelets (x10" cells/L) 222 (1525, 321.5) 262 (169, 366) 236.5 (160, 291) 193 (137, 284) e — me}(’iian (gIng) : : : : : : : : :
, - 75— S . * Diagnostic testing differed at each site and mortality specifically due to sepsis could not be determined.
Sodium (mEq/L) 135 (132, 138) 135 (131, 138) 137 (134, 139) 134 (130, 138) ——e
(Figure 3). _ L T TS Heart rate (beats per 100.0 (89.0, 111.0)  99.0 (89.3, 111.0) 101.0 (89.3, . : ) o :
) . ) Potassium (mEq/L) 3.7(3.3,4.2) 3.7(3.2,4.1) 3.9(3.5,4.3) 3.6 (3.2,4) ~ minute) 112.8) Enrolment was by convenience sampling within the referral hospital catchment area and may not be
Kumasi, Ghana Durham, United States Takeo, Cambodia , _ S — Cambodia . . . v |
Sodium Bicarbonate (mmol/L) 24 (21, 26) 24 (22,27) 25(22,27) 22 (19, 25) S 50~ —=— Ghana Temperature (degrees 37.300 (36.7, 38.0)  37.400 (36.7,38.0)  37.100 (36.6, representative of the general population within these countries.
£ —— USA Centigrade) 37.9)
Participants Participants Participants Glucose (mg/dL) 6.56 (5.4, 10) 6.44 (5.39, 8.28) 6.69 (5.67, 10.06) 6.65 (5.2, 12) @ Mean arterial pressure 87.7 (79.0,97.1) 88.3 (80.3,97.6) 85.9 (75.850,
enrolled sl =il Blood Urea Nitrogen (mg/dL) 5(3.57,7.9) 429 (3.21, 5.71) 5.71 (3.57, 10) 5.4(3.5,9.4) be_ (mmHg) 94.8) AC k n O W I e d g e m e n t S
n= 188 n= 180 n= 200 Creatinine (mg/dL) 88.42 (66, 130)  79.58 (53.05, 88.42) 106.1 (70.74, 150.31) 91 (70, 135) Respiratory rate (breaths 28.0(24.0, 32.0) 28.0(24.0,32.0)  28.0(24.0, 33.5)
: per minute)
) : - Alkaline Phosphatase (U/L) 86.5 (65, 132) 98.5 (72, 172) 80 (63, 106) 85 (63, 125) 0- Logrank P <0.001 Oxygen saturation (%) 95.0 (92.0, 96.3) 95.0 (92.0, 96.8) 95.0 (93.0, 96.0) Funding: Defense Threat Reduction Agency (JSTO-CBA) to Naval Medical Research Center (NMRC) (HDTRA1516108), Defense Health Bureau of
58 D.led 13 Dled 23 Dled Alanine Transaminase (U/L) 32 (22, 58) 46 (27, 86) 22 (18, 40) 29 (22, 48) , , , , Subplemental oxveen ’ ’ ’ Medicine & Surgery to NMRC for Combating Antibiotic Resistance Bacteria (FY 1819 0130.1832), Naval Medical Logistics Command Cooperative
_| 0 Withdrew .| 4 Withdrew .| 3 Withdrew . 0 10 | 20 28 pp yael Agreement (N626451920001).
8 Lost to follow-up 4 Lost to follow-up 14 Lost to follow- Aspartate Aminotransferase 42 (27,76) 61 (38, 117) 29 (21, 45) 35.5 (25, 65) Days since enrolment requirements — no. (%) Ethics declaration: Study protocols were approved by the Naval Medical Research Center (NMRC) Institutional Review Board (IRB) (Cambodia sepsis
up (U/L) ’ ’ ’ ' ’ No. at Risk: None 397 (91.7) 275 (89.6) 122 (96.8) study # NMRC.2013.0019; Ghana sepsis study # NMRC.2016.0004-GHA; Duke sepsis study Duke#PR0O00054849) in compliance with all applicable Federal
Cambodia 200 (13) 171 (5) 164 (4) 148 Face mask 6 (1.4) 5(1.6) 1 (0.8) regulations governing the protection of human subjects as well as host country IRBs.
v Y Y Bilirubin (mg/dL) 15(10.26,21) 13.68 (10.26,20.52) 15.39 (10.26, 20.52) 15 (11, 23) Ghana 187 (43) 137 (12) 124 (3) 118 Nasal cannula 29 (6.7) 26 (8.5) 3(2.4) Disclaimer: The view(s) expressed herein are those of the author(s) and do not reflect the official policy or position of Uniformed Services University of the
28-day foll T o . USA 180 ©) 173 ®) 168 @) 166 Health Sciences, Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc., or the Department of Health and Human Services, th
- ay [6) Ow_up 28_ ay 0 Ow_up 28_ ay [6) Ow_up Albumln (g/dL) 30 (25 35) 29 (25 34) 30 (25 35) 30 (23 36) Non-rebreather 1 (02) 1 (03) O (OO) ca ciences, ric I'y . JaCKSoO oundation 10 € vancement o ary vIc C' c, .C., 0 € Depa ent o €a . a uma CI'V CEs, the
=122 =159 =160 ’ ’ ’ ’ Departments of the Air Force, Navy, or Army, U.S. DoD, or the U.S. Government. The investigators have adhered to the policies for protection of human
- - . Total protein (g/dL) 73 (65, 79) 74 (68, 79.5) 67 (57,72) 75 (69, 83) Glasgow coma scale - 15.0(15.0,15.0) 15.0(15.0,15.0)  15.0 (15.0, 15.0) subjects as prescribed in 45 CFR 46. This research has been approved the NMRC IRB
’ S ’ ’ median (IQR) ' '
Lactate (mmol/L) 2.27 (1.66, 3.09) 2.33 (1.79, 3.03) 1.5(1,2.4) 2.54 (1.8, 3.42) qSOFA score — median 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 2.0)
(IQR)

Figure 1. Flow diagram (derivation sepsis cohorts) qSOFA score >2 — no. 91 (21.1) 53 (17.4%) 38 (30.2)

Figure 4. Survival by derivation cohort site. o Ip
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