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Background. Mycobacterium tuberculosis is the leading cause of bloodstream infection among human immunodeficiency virus 
(HIV)–infected patients with sepsis in sub-Saharan Africa and is associated with high mortality rates.

Methods. We conducted a retrospective study of HIV-infected adults with sepsis at the Mbarara Regional Referral Hospital in 
Uganda to measure the proportion who received antituberculosis therapy and to determine the relationship between antituberculo-
sis therapy and 28-day survival.

Results. Of the 149 patients evaluated, 74 (50%) had severe sepsis and 48 (32%) died. Of the 55 patients (37%) who received 
antituberculosis therapy, 19 (35%) died, compared with 29 of 94 (31%) who did not receive such therapy (odds ratio, 1.34; 95% con-
fidence interval [CI], .56–3.18; P = .64). The 28-day survival rates did not differ significantly between these 2 groups (log-rank test, 
P = .21). Among the 74 patients with severe sepsis, 9 of 26 (35%) who received antituberculosis therapy died, versus 23 of 48 (48%) 
who did not receive such therapy (odds ratio, 0.58; 95% CI, .21–1.52; P = .27). In patients with severe sepsis, antituberculosis therapy 
was associated with an improved 28-day survival rate (log-rank test P = .01), and with a reduced mortality rate in a Cox proportional 
hazards model (hazard ratio, 0.32; 95% CI, .13–.80; P = .03).

Conclusions. Empiric antituberculosis therapy was associated with improved survival rates among patients with severe sepsis, 
but not among all patients with sepsis.
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In sub-Saharan Africa, sepsis is a leading cause of disease and 
death [1]. Approximately 65%–85% of all patients with sep-
sis are human immunodeficiency virus (HIV) infected, and 
Mycobacterium tuberculosis is the leading cause of bacteremia in 
this population, with infection rates of 25%–40% and an associ-
ated mortality rate as high as 50% [2–11]. Compared with persons 
without HIV infection, HIV-infected patients are 3–4 times more 
likely to die of tuberculosis sepsis [12]. Factors associated with 
poor outcomes in HIV-infected patients with tuberculosis sepsis 
include immunosuppression, malnutrition, late clinical presenta-
tion, and delayed diagnosis and treatment of tuberculosis [5, 13].

Reduction of sepsis-associated mortality rates relies on early 
detection and prompt initiation of antimicrobial therapy [14]. 
Sepsis has a similar clinical phenotype regardless of the under-
lying pathogen, and the lack of rapid and effective diagnostic 
tools for tuberculosis can lead to significant delays in the initi-
ation of appropriate therapy and thus poor outcomes [15, 16]. 
Furthermore, tuberculosis in the setting of HIV coinfection is 
often disseminated rather than focal, which is difficult to detect 
microbiologically [4, 5, 17].

Culture is the reference standard for the microbiological 
detection of tuberculosis but is expensive, labor intensive, and 
has a long turnaround time, making it impractical for clinical 
decision making in patients with sepsis. Sputum smear micros-
copy and polymerase chain reaction–based platforms, such as 
the GeneXpert MTB/RIF platform, are faster and increasingly 
available but patients with sepsis rarely expectorate sputum, 
and sensitivity is diminished in disseminated or paucibacil-
lary tuberculosis [18, 19]. Urinary lipoarabinomannan (LAM) 
testing has a fast turnaround time and can be used at the point 
of care to guide antituberculosis therapy but has limited sen-
sitivity, particularly in HIV-infected patients with CD4+ T-cell 
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counts >200/μL [20–22]. For patients who are sputum smear 
negative and without confirmed tuberculosis, World Health 
Organization (WHO) algorithms are available to guide cli-
nicians in the initiation of antituberculosis therapy, but these 
diagnostic algorithms lack sensitivity and specificity [23, 24].

Given that tuberculosis is the leading cause of sepsis in areas 
with a high prevalence of HIV and tuberculosis, such as Uganda, 
and given the high mortality rates associated with tuberculosis 
sepsis and the lack of available rapid and reliable tuberculosis 
diagnostic tests, we aimed to (1) determine the proportion of 
HIV-infected patients admitted with sepsis who received anti-
tuberculosis therapy during their hospitalization, (2) identify 
predictors of receiving antituberculosis therapy and, (3) deter-
mine the relationship between empiric antituberculosis therapy 
and 28-day survival rates.

MATERIALS AND METHODS

Study Site

We conducted this retrospective cohort study at the Mbarara 
Regional Referral Hospital, located in southwestern Uganda. The 
national HIV prevalence is 6%, and the incidence of tuberculosis 
infection is 201 per 100  000 population [25, 26]. The 1200-bed 
hospital serves as the teaching hospital for the Mbarara University 
of Science and Technology. Adult patients with sepsis are initially 
admitted to the emergency ward, where they are resuscitated and 
stabilized before being transferred to the medical ward, or the tuber-
culosis ward if tuberculosis has been microbiologically confirmed.

Owing to resource limitations, radiographs are obtained infre-
quently. Laboratory test availability is also limited, so full blood 
counts, CD4 cell counts, and HIV viral loads are not routinely 
performed. During the time of the study, smear microscopy was 
the standard method of tuberculosis diagnosis, and neither the 
GeneXpert MTB/RIF nor the urinary LAM assay were in routine 
use. Clinicians typically follow the WHO 2007 guidelines for the 
management of smear-negative tuberculosis [27].

Study Procedures

Using the medical ward registration log, we reviewed all cases 
of patients admitted with infection to the medical ward between 
January 2014 and December 2015 and analyzed data from all 
HIV-infected individuals who were admitted with sepsis. Our 
study preceded the new Sepsis-3 definitions, so we defined sep-
sis according to Sepsis-2 definitions: (1) clinical suspicion of 
infection and (2) ≥2 systemic inflammatory response criteria, 
defined as an axillary temperature ≥38°C or <36°C, heart rate 
>90/min, respiratory rate >20/min, or white blood cell count 
<4000/µL or >12 000/µL [28]. We defined severe sepsis as sep-
sis plus clinical evidence of end organ dysfunction ,including 
systolic blood pressure ≤90  mm Hg, mean arterial pressure 
<65 mm Hg, or Glasgow coma scale (GCS) score <15 [28, 29].

We included only patients with ≥1 valid recording of heart rate, 
respiratory rate, systolic blood pressure, diastolic blood pressure, 

and temperature. We used the first available recorded vital sign 
obtained in the emergency or medical ward to impute any missing 
admission vital signs. We also required included patients to have 
a valid discharge or death date and a valid date of antituberculosis 
therapy administration if it was given. We excluded patients who 
had microbiologically proved tuberculosis or had received antitu-
berculosis therapy before admission. For all included patients, we 
obtained the following data: clinical history, vital signs, examina-
tion findings, diagnostic investigations, antituberculosis therapy, 
and the in-hospital outcomes of death or discharge.

We performed sensitivity analyses using different sepsis defi-
nitions including the quick sepsis-related organ failure assess-
ment (qSOFA) and WHO tuberculosis danger signs. For qSOFA, 
we defined sepsis as ≥2 of the following: GCS score <15, respira-
tory rate ≥22/min, or systolic blood pressure ≤ 100 mm Hg [30]. 
For WHO danger signs, we defined sepsis as ≥1 of the following: 
respiratory rate >30/min, temperature >39°C, heart rate >120/
min, or inability to walk unaided [27]. We did not have data 
regarding ability to ambulate so we substituted GCS score <15 
for the criterion of inability to walk unaided. We used the uni-
versal vital assessment score to determine severity of illness [31].

Analyses

We used the χ2 test to compare proportions and the Mann-
Whitney U test to compare continuous variables. We deter-
mined clinical associations with receipt of antituberculosis 
therapy using multivariable logistic regression. We compared 
the 28-day survival probability between groups who received 
antituberculosis therapy and those who did not,  using the 
log-rank test. We censored patients at the time of death, and 
because we did not have postdischarge mortality data, we also 
censored patients at the time of hospital discharge. We used Cox 
proportional hazards regression to determine associations with 
in-hospital deaths. For both regression models, we included 
all factors that we believed a priori to be clinically relevant to 
the outcome of interest and for which we had sufficient data. 
We assessed interactions using the F test. We also assessed the 
assumption of proportional hazards for the Cox model. We 
considered a significance level of < 0.05 to be statistically sig-
nificant. We used R software R version 3.4.4 (2018-03-15)  (R 
Foundation for Statistical Computing) for all analyses.

Ethical Considerations

This study was approved by the institutional review boards 
of Mbarara University of Science and Technology and the 
University of Virginia.

RESULTS

Patient Characteristics

We screened 340 patients and included 149 in our analyses 
(Figure 1). Among the 149 patients included, the median 
(interquartile range [IQR]) age was 33 (28–40) years, and 67 
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(45%) were women (Table 1). The median (IQR) tempera-
ture and systolic blood pressure were 38.2°C (36.8°C–38.7°C) 
and 98 (90–110) mm Hg. Fever, cough, shortness of breath, 
headache, and diarrhea were the presenting symptoms in 105 
(70%), 102 (68%), 51 (34%), 39 (26%), and 33 (34%) of the 
patients, respectively. Recent CD4 cell counts were available 
for only 50 of 149 patients (34%), and the median (IQR) count 
was 175/μL (68–338/μL). At the time of admission, 89 of 149 
patients (60%) were receiving antiretroviral therapy. Only 23 
of 149 (15%) had a chest radiograph obtained during their 
hospitalization. Antibiotics were administered to 129 of 149 
patients (87%), and 94 of 129 (73%) received intravenous 
ceftriaxone. Oxygen therapy was administered to 44 of 149 
(30%). Of the 74 patients with severe sepsis, 19 (26%) fulfilled 
more than a single criterion for severe sepsis, 34 (46%) had 
only a GCS score <15, 18 (24%) had only a systolic blood pres-
sure <90 mm Hg, and 3 (4%) had only a mean arterial pressure 
<65 mm Hg.

Antituberculosis Therapy

Antituberculosis therapy was administered to 55 of 149 (37%) 
patients, including 26 of the 74 (35%) with severe sepsis. The 
median (IQR) time to initiation of antituberculosis therapy 
was 4 (1–7) days for the overall cohort and 5.5 (1–8) days for 
patients with severe sepsis. In both univariable and multivari-
able analyses, we found no demographic, clinical, or treatment 
characteristics that were associated with the receipt of antitu-
berculosis therapy for the total cohort or the subgroup with 
severe sepsis (Table 2).

Sepsis

Of the 149 patients with sepsis evaluated, 48 (32%) died 
(Table 3). Of the 55 (37%) who received antituberculosis 
therapy, 19 (35%) died, compared with 29 of 94 (31%) who 
did not receive such therapy (odds ratio, 1.34; 95% confi-
dence interval [CI], .56–3.18; P  =  .64). The mean interval 
between admission and receipt of antituberculosis therapy 
was 6.6  days in those who died and 4.5  days in those who 
survived to discharge (P = .13). The 28-day survival rates did 

not differ significantly between patients who did and those 
who did not receive antituberculosis therapy (log-rank test, 
P = .21) (Figure 2).

Severe Sepsis

Among the 74 patients with severe sepsis, 9 of 26 (35%) who 
received antituberculosis therapy died, compared with 23 of 48 
(48%) who did not receive antituberculosis therapy (odds ratio, 
0.58; 95% CI, .21–1.52; P  =  .27). The mean interval between 
admission and receipt of antituberculosis therapy was 9.2 in 
patients who died and 4.6 days in those who survived to dis-
charge (P  =  .11), respectively. Antituberculosis therapy was 
associated with improved 28-day survival rates (log-rank test, 
P = .01) (Figure 3). 

191 records excluded
97 with invalid or missing discharge, death, or anti-TB therapy date
46 missing ≥1 vital sign
35 did not have ≥2 systemic inflammatory response syndrome criteria
13 were not HIV infected

149 records included

340 records reviewed

Figure 1. Flowchart of study inclusion among human immunodeficiency virus (HIV)–infected patients with sepsis admitted to Mbarara Regional Referral Hospital from 
January 2014 to December 2015.

Table 1. Clinical Characteristics of Human Immunodeficiency Virus–
Infected Patients With Sepsis or Severe Sepsis Admitted to Mbarara 
Regional Referral Hospital (January 2014 to December 2015)

Variable
All Patients  
(n = 149)

Patients With 
Severe Sepsis 

(n = 74)

Age, median (IQR), y 33 (28–40) 35 (29–40)

Female sex, no. (%) 67 (45) 32 (58)

Vital signs, median (IQR)   

Temperature, °C 38.2 (36.8–38.7) 38.3 (36.7–38.8)

Respiratory rate, breaths/min 30 (24–36) 28 (24–36)

Heart rate, beats/min 118 (102–126) 118 (101–124)

Systolic blood pressure, mm Hg 98 (90–110) 90 (80–100)

Diastolic blood pressure, mm Hg 60 (60–70) 60 (50–70)

Glasgow coma scale (score), median 
(IQR)

15 (14–15) 14 (13–15)

Cough, no. (%) 102 (68) 48 (65)

Shortness of breath, no. (%) 51 (34) 19 (26)

Treatment, no. (%)   

 Antituberculosis therapy 55 (37) 26 (35)

 Antibiotics 129 (87) 63 (74)

 Oxygen 44 (30) 27 (37)

 Blood transfusion 42 (29) 18 (25)

Death, no. (%) 48 (32) 32 (43)

Abbreviation: IQR, interquartile range.
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Sensitivity Analyses

Among patients with sepsis, defined either by qSOFA (n = 121) 
or by the presence of any WHO danger signs (n = 113), There 
was no difference in 28-day survival rates between those who 
did and those who did not they receive antituberculosis therapy 
(log rank test, P = .17 and P = .27, respectively). However, when 
we modified the qSOFA blood pressure criterion for blood pres-
sure to SBP ≤ 90 or MAP ≤ 65 mmHg, there were 86 patients 
who met modified qSOFA criteria and those who received 
empiric antituberculosis therapy had improved 28 day survival 
rates (log-rank test, P = 0.02).

Cox Proportional Hazards Model

In the Cox proportional hazards regression model, there was 
a statistically significant interaction between antituberculo-
sis therapy and severity of sepsis (P for heterogeneity  =  .03). 
Antituberculosis therapy was associated with a 68% reduction 

in mortality rate among patients with severe sepsis (hazard 
ratio, 0.32; 95% CI, .13–.80; P = .03) (Table 3). Low GCS scores 
(hazard ratio, 0.64; 95% CI, .53–0.78; P  <  .01) and receipt of 
supplemental oxygen (3.13; 95% CI, 1.63–5.99; P < .01) were 
associated with higher mortality rates (Table 3). The median 
(IQR) universal vital assessment score was 6 (2–8) for patients 
who received supplemental oxygen versus 4 (2–6) for those who 
did not (P < .01).

DISCUSSION

In HIV-infected patients admitted with sepsis to a regional 
referral hospital in southwestern Uganda, we found that anti-
tuberculosis therapy was administered to 37% of patients, 
including 35% of those with severe sepsis. Although empiric 
antituberculosis therapy was not associated with improved 
28-day survival for all patients, it was associated with improved 
survival for those with severe sepsis. Initiation of antituberculo-
sis therapy was delayed by up to a week after admission and we 
found no associations between clinical variables and the receipt 
of antituberculosis therapy. As in other studies of sepsis from 
sub-Saharan Africa, the mortality rate in our study patients was 
high (32%), and our findings suggest that there are opportuni-
ties to optimize clinical care of patients with sepsis, including 
the early administration of empiric antituberculosis therapy for 
patients with severe sepsis [9, 31, 32].

The WHO recommends that hospitalized patients with a his-
tory of cough for 2–3 weeks in settings with high HIV preva-
lence should initially be treated with parenteral antibiotics for 
bacterial infection, followed by antituberculosis therapy if there 
has been no clinical improvement after 3–5 days. In an observa-
tional before-after study in South Africa, WHO algorithm based 
antituberculosis therapy was associated with improved survival 
compared with standard practice. Within the standard practice 
group, antituberculosis therapy was delayed compared with 
the algorithm group, but it was also associated with improved 

Table 3. Adjusted Hazard Ratios for Mortality Among Human 
Immunodeficiency Virus–Infected Patients With Sepsis or Severe 
Sepsis Admitted to Mbarara Regional Referral Hospital (January 2014 to 
December 2015)

Variable Adjusted HR (95% CI) P Value

Age (years) 1.01 (.97–1.04) .74

Female sex 0.76 (.39–1.47) .41

Temperature (°C) 0.82 (.66–1.02) .08

Respiratory rate (breaths/min) 1.01 (.97–1.05) .54

Heart rate (beats/min) 1.01 (.99–1.02) .41

Systolic blood pressure (mm Hg) 0.98 (.96–1.00) .85

Diastolic blood pressure (mm Hg) 1.01 (.98–1.03) .63

Glasgow coma scale (score) 0.64 (.53–.78) <.01

Receipt of oxygen 3.13 (1.63–5.99) <.01

Receipt of blood transfusion 1.00 (.49–2.03) >.99

Empiric antituberculosis therapy   

 Patients with sepsis 1.24 (.53–2.90) .63

 Patients with severe sepsis 0.32 (.13–.80) .03

Abbreviations: CI, confidence interval; HR, hazard ratio.

Table 2. Adjusted Odds of Receiving Antituberculosis Therapy Among Human Immunodeficiency Virus–Infected Patients With Sepsis or Severe Sepsis 
Admitted to Mbarara Regional Referral Hospital (January 2014 to December 2015)

Variable

All Patients (n = 149) Patients With Severe Sepsis (n = 74)

Adjusted OR (95% CI) P Value Adjusted OR (95% CI) P Value 

Age (y) 1.00 (.96–1.04) .99 1.01 (.96–1.08) .62

Female sex 0.59 (.28–1.21) .16 0.78 (.22–2.66) .70

Temperature (°C) 0.90 (.70–1.16) .42 1.03 (.72–1.50) .86

Respiratory rate (breaths/min) 0.99 (.95–1.03) .56 0.94 (.87–1.00) .08

Heart rate (beats/min) 1.00 (.98–1.02) .87 0.99 (.96–1.02) .50

Systolic blood pressure (mm Hg) 0.99 (.96–1.02) .47 0.99 (.95–1.04) .74

Diastolic blood pressure (mm Hg) 1.01 (.98–1.04) .56 1.01 (.96–1.06) .72

Glasgow coma scale score 0.94 (.70–1.29) .71 0.91 (.63–1.32) .61

Receipt of oxygen 0.74 (.31–1.71) .48 0.43 (.12–1.46) .18

Receipt of blood transfusion 1.59 (.72–3.50) .25 1.32 (.36–4.72) .67

Severe sepsis 0.86 (.33–2.18) .75 … …

Abbreviations: CI, confidence interval; OR, odds ratio.
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Figure 2. Survival curves over 28 days for human immunodeficiency virus–infected patients with sepsis admitted to Mbarara Regional Referral Hospital from January 2014 
to December 2015, according to whether they received (dashed line) or did not receive (solid line) antituberculosis therapy. Patients were censored at death and at hospital 
discharge.
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Figure 3. Survival curves over 28 days for human immunodeficiency virus–infected patients with severe sepsis admitted to Mbarara Regional Referral Hospital from 
January 2014 to December 2015, according to whether they received (dashed line) or did not receive (solid line) antituberculosis therapy. Patients were censored at death 
and at hospital discharge.
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survival [33]. These data suggest that there is additional sur-
vival benefit accrued from early antituberculosis therapy. In an 
observational study of patients with tuberculosis bloodstream 
infection in Uganda, the 30-day mortality rate was decreased 
in patients who received empiric antituberculosis therapy at 
admission compared with those who did not (31% vs 53%) [6]. 
In another study from Uganda, patients with suspected pulmo-
nary tuberculosis and clinical danger signs who received WHO 
algorithm–based antituberculosis treatment had a 44% reduc-
tion in 8-week mortality [34].

Delayed antimicrobial treatment of sepsis and septic shock 
is associated with increased mortality rates [14]. In a study 
of patients with septic shock due to tuberculosis from North 
America and Saudi Arabia, the mortality rate was 63% for 
patients who received early antituberculosis therapy compared 
with 93% for patients who did not, and all patients who did not 
receive any antituberculosis therapy died [15]. However, to our 
knowledge no prior studies from sub-Saharan Africa have eval-
uated empiric antituberculosis therapy in patients with undif-
ferentiated sepsis in whom a clinical history of cough may not 
be available and in whom tuberculosis may not initially be the 
leading clinical diagnosis.

In our study, the mean time to antituberculosis therapy 
was 4 days for the total cohort and 5.5 days for patients with 
severe sepsis. As seen in our survival curves, this is when 
the majority of deaths occurred, particularly for those with 
severe sepsis. The burden of infection, as measured by quan-
tities of tuberculosis DNA in blood in patients with tuber-
culosis bacteremia, is correlated with mortality rate [9]. 
Therefore, delays in antituberculosis therapy may lead to an 
increasing burden of infection, organ failure, and in some 
cases an inability to rescue patients once antituberculosis 
therapy is initiated. Our data suggest that antituberculosis 
therapy should be immediately considered in all severely ill 
patients in similar settings, whether or not tuberculosis is 
initially clinically considered.

In a 2018 randomized study, the use of urinary LAM testing 
to guide antituberculosis therapy in hospitalized HIV-infected 
patients in Zambia and South Africa did not reduce the overall 
mortality rate in all patients but did reduce the mortality rate 
in a subgroup of high-risk patients [20]. This is an encouraging 
finding suggesting that rapid and accurate tuberculosis diagnos-
tics could improve outcomes. However, in most clinical settings 
in sub-Saharan Africa, diagnostic evaluations, including uri-
nary LAM testing, molecular tests, and blood cultures, are not 
available. Furthermore, urinary LAM testing is not 100% sensi-
tive for tuberculosis bacteremia, and its sensitivity decreases as 
CD4 cell counts increase [20–22]. Therefore, LAM testing may 
miss some patients with tuberculosis, particularly those with 
CD4 cell counts >100/μL. Accordingly, early empiric antituber-
culosis therapy may be a successful strategy for the treatment of 
undifferentiated sepsis in settings with high prevalence of HIV 

and tuberculosis, particularly where diagnostic interventions 
are limited.

It is possible that antituberculosis therapy failed owing to 
pharmacokinetic limitations in some patients with sepsis or 
severe sepsis from tuberculosis in our study. In such critically 
ill patients, gastrointestinal dysfunction may lead to decreased 
absorption of medications, tissue hypoperfusion may lead to 
decreased antibiotic tissue concentrations, and hepatic dysfunc-
tion may lead to decreased protein binding, all of which can 
lead to underdosing in antituberculosis therapy [35]. There are 
no published pharmacokinetic studies of antituberculosis ther-
apy in patients with sepsis, but in patients from South Africa 
with tuberculosis, low drug concentrations were associated 
with poor long-term outcomes of microbiologic failure, death, 
or relapse [36]. Drug-resistant tuberculosis could also render 
standard antituberculosis therapy ineffective; however, mul-
tidrug-resistant tuberculosis remains uncommon in Uganda 
[37]. Finally, given the limited diagnostic capacity at Mbarara 
Regional Referral Hospital, antituberculosis therapy may 
have been inappropriate for the underlying infection and may 
explain why empiric antituberculosis therapy was not a success-
ful strategy for all patients in our study.

There were several limitations to this real-world study of 
empiric antituberculosis therapy in patients with a sepsis in a 
setting with high HIV and tuberculosis prevalence. First, this 
was a retrospective study with data missing for some patients, 
which could have affected our findings; however, we believe 
missing data occurred randomly and did not lead to bias 
regarding diagnosis, treatment, or outcome in the patients. 
Furthermore, we included only patients with complete or 
imputed data, so they were likely to have true sepsis. Second, 
GeneXpert and urinary LAM testing, recommended for use by 
WHO in 2010 and 2015, respectively, were not in routine use 
during our study [38, 39]. We also did not have stored samples 
for subsequent molecular or other diagnostic testing. Therefore, 
we were unable to microbiologically confirm the diagnosis of 
tuberculosis. This additional information may have allowed 
us to determine whether poor outcomes after antituberculosis 
therapy were due to a misdiagnosis or a combination of disease 
burden and human and material resource limitations. We mit-
igated possible misclassification bias by our sensitivity analyses 
that included alternative sepsis definitions. Finally, we collected 
data from patients admitted over a calendar year, and our total 
cohort size may have been underpowered to determine a dif-
ference in outcomes between all patients who did or did not 
receive empiric antituberculosis therapy for sepsis.

In conclusion, in HIV-infected patients admitted with sepsis 
to a regional referral hospital in Uganda, we found that 37% of 
patients received empiric antituberculosis therapy. Although 
empiric antituberculosis therapy was not associated with 
improved 28-day survival for all patients, it was associated 
with improved survival for patients with severe sepsis. Our 
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findings are similar to other studies that suggested a benefit to 
early empiric antituberculosis therapy for patients with clini-
cally suspected tuberculosis [14, 15, 34]. Because there was a 
considerable delay (up to a week) in administration of anti-
tuberculosis therapy for the majority of patients in our study, 
and given the diagnostic limitations that exist in Mbarara 
Regional Referral Hospital and similar hospitals throughout 
sub-Saharan Africa, immediate rather than delayed empiric 
antituberculosis therapy, as suggested by WHO may be a good 
strategy for treating patients with sepsis in areas with high 
HIV and tuberculosis prevalence. The best way to answer this 
question would be through a randomized controlled clinical 
trial.

Acknowledgments
Financial support. This work was supported in part by the University 

of Virginia Global Infectious Diseases Institute (grant to C. C. M.).
Potential conflicts of interest. All authors: No reported conflicts of inter-

est. All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References
1. Adhikari  NK, Fowler  RA, Bhagwanjee  S, Rubenfeld  GD. Critical care and the 

global burden of critical illness in adults. Lancet 2010; 376:1339–46.
2. Archibald LK, den Dulk MO, Pallangyo KJ, Reller LB. Fatal Mycobacterium tuber-

culosis bloodstream infections in febrile hospitalized adults in Dar es Salaam, 
Tanzania. Clin Infect Dis 1998; 26:290–6.

3. Archibald LK, McDonald LC, Nwanyanwu O, et al. A hospital-based prevalence 
survey of bloodstream infections in febrile patients in Malawi: implications for 
diagnosis and therapy. J Infect Dis 2000; 181:1414–20.

4. Crump JA, Ramadhani HO, Morrissey AB, et al. Bacteremic disseminated tuber-
culosis in sub-Saharan Africa: a prospective cohort study. Clin Infect Dis 2012; 
55:242–50.

5. da Silva Escada RO, Velasque L, Ribeiro SR, et al. Mortality in patients with HIV-1 
and tuberculosis co-infection in Rio de Janeiro, Brazil—associated factors and 
causes of death. BMC Infect Dis 2017; 17:373.

6. Jacob ST, Pavlinac PB, Nakiyingi L, et al. Mycobacterium tuberculosis bacteremia 
in a cohort of HIV-infected patients hospitalized with severe sepsis in Uganda–
high frequency, low clinical suspicion [corrected] and derivation of a clinical 
prediction score [published correction appears in PLoS One 2013; 8. doi:10.1371/
annotation/0a53f994-bfe2-45db-9dbb-97fdfea023c]. PLoS One 2013; 8:e70305.

7. Janssen  S, Schutz  C, Ward  AM, et  al. Hemostatic changes associated with 
increased mortality rates in hospitalized patients with HIV-associated tuberculo-
sis: a prospective cohort study. J Infect Dis 2017; 215:247–58.

8. Lewden  C, Drabo  YJ, Zannou  DM, et  al; IeDEA West Africa Collaboration. 
Disease patterns and causes of death of hospitalized HIV-positive adults in West 
Africa: a multicountry survey in the antiretroviral treatment era. J Int AIDS Soc 
2014; 17:18797.

9. Moore CC, Jacob ST, Banura P, et al. Etiology of sepsis in Uganda using a quanti-
tative polymerase chain reaction-based TaqMan array card. Clin Infect Dis 2019; 
68:266–72.

10. Muchemwa L, Shabir L, Andrews B, Bwalya M. High prevalence of Mycobacterium 
tuberculosis bacteraemia among a cohort of HIV-infected patients with severe 
sepsis in Lusaka, Zambia. Int J STD AIDS 2017; 28:584–93.

11. Namutebi AM, Kamya MR, Byakika-Kibwika P. Causes and outcome of hospi-
talization among HIV-infected adults receiving antiretroviral therapy in Mulago 
hospital, Uganda. Afr Health Sci 2013; 13:977–85.

12. van den Broek J, Mfinanga S, Moshiro C, et al. Impact of human immunodefi-
ciency virus infection on the outcome of treatment and survival of tuberculosis 
patients in Mwanza, Tanzania. Int J Tuberc Lung Dis 1998; 2:547–52.

13. Otu A, Hashmi M, Mukhtar AM, et al. The critically ill patient with tuberculosis 
in intensive care: clinical presentations, management and infection control. J Crit 
Care 2018; 45:184–96.

14. Kumar A, Roberts D, Wood KE, et al. Duration of hypotension before initiation 
of effective antimicrobial therapy is the critical determinant of survival in human 
septic shock. Crit Care Med 2006; 34:1589–96.

15. Kethireddy S, Light RB, Mirzanejad Y, et al; Cooperative Antimicrobial Therapy 
of Septic Shock (CATSS) Database Group. Mycobacterium tuberculosis septic 
shock. Chest 2013; 144:474–82.

16. McDonald  LC, Archibald  LK, Rheanpumikankit  S, et  al. Unrecognised 
Mycobacterium tuberculosis bacteraemia among hospital inpatients in less devel-
oped countries. Lancet 1999; 354:1159–63.

17. Rugină S, Dumitru IM, Resul G, et al. Disseminated tuberculosis in HIV-infected 
patients from the Regional HIV/AIDS Center Constanţa, Romania. Germs 2014; 
4:16–21.

18. Kivihya-Ndugga  L, van  Cleeff  M, Juma  E, et  al. Comparison of PCR with the 
routine procedure for diagnosis of tuberculosis in a population with high prev-
alences of tuberculosis and human immunodeficiency virus. J Clin Microbiol 
2004; 42:1012–5.

19. Meyer  AJ, Atuheire  C, Worodria  W, et  al. Sputum quality and diagnostic per-
formance of GeneXpert MTB/RIF among smear-negative adults with presumed 
tuberculosis in Uganda. PLoS One 2017; 12:e0180572.

20. Gupta-Wright A, Corbett EL, van Oosterhout JJ, et al. Rapid urine-based screen-
ing for tuberculosis in HIV-positive patients admitted to hospital in Africa 
(STAMP): a pragmatic, multicentre, parallel-group, double-blind, randomised 
controlled trial. Lancet 2018; 392:292–301.

21. Lawn SD, Kerkhoff AD, Burton R, et al. Diagnostic accuracy, incremental yield 
and prognostic value of Determine TB-LAM for routine diagnostic testing for 
tuberculosis in HIV-infected patients requiring acute hospital admission in South 
Africa: a prospective cohort. BMC Med 2017; 15:67.

22. Peter JG, Zijenah LS, Chanda D, et al. Effect on mortality of point-of-care, urine-
based lipoarabinomannan testing to guide tuberculosis treatment initiation in 
HIV-positive hospital inpatients: a pragmatic, parallel-group, multicountry, 
open-label, randomised controlled trial. Lancet 2016; 387:1187–97.

23. Swai HF, Mugusi FM, Mbwambo JK. Sputum smear negative pulmonary tuberculo-
sis: sensitivity and specificity of diagnostic algorithm. BMC Res Notes 2011; 4:475.

24. Hamada Y, Lujan J, Schenkel K, et al. Sensitivity and specificity of WHO’s recom-
mended four-symptom screening rule for tuberculosis in people living with HIV: 
a systematic review and meta-analysis. Lancet HIV 2018; 5:e515–23.

25. UNAIDS. UNAIDS 2017. Available at: http://www.unaids.org/en/regionscoun-
tries/countries/uganda. Accessed March 1, 2019

26. World Health Organization. WHO estimates of TB and MDR-TB burden. World 
Health Organization; 2017. Available at: https://www.who.int/tb/data/en/.

27. World Health Organization. Improving the diagnosis and treatment of smear-neg-
ative pulmonary and extrapulmonary tuberculosis among adults and adolescents: 
recommendations for HIV-prevalent and resource-constrained settings. Geneva, 
Switzerland: World Health Organization; 2007.

28. Levy  MM, Fink  MP, Marshall  JC, et  al. 2001 SCCM/ESICM/ACCP/ATS/SIS 
International Sepsis Definitions Conference. Crit Care Med 2003; 31:1250–6.

29. Ssekitoleko R, Pinkerton R, Muhindo R, et al. Aggregate evaluable organ dysfunc-
tion predicts in-hospital mortality from sepsis in Uganda. Am J Trop Med Hyg 
2011; 85:697–702.

30. Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus 
definitions for sepsis and septic shock (Sepsis-3). JAMA 2016; 315:801–10.

31. Moore CC, Hazard R, Saulters KJ, et al. Derivation and validation of a universal 
vital assessment (UVA) score: a tool for predicting mortality in adult hospitalised 
patients in sub-Saharan Africa. BMJ Glob Health 2017; 2:e000344.

32. Andrews B, Semler MW, Muchemwa L, et al. Effect of an early resuscitation pro-
tocol on in-hospital mortality among adults with sepsis and hypotension: a ran-
domized clinical trial. JAMA 2017; 318:1233–40.

33. Holtz TH, Kabera G, Mthiyane T, et al. Use of a WHO-recommended algorithm 
to reduce mortality in seriously ill patients with HIV infection and smear-neg-
ative pulmonary tuberculosis in South Africa: an observational cohort study. 
Lancet Infect Dis 2011; 11:533–40.

34. Katagira W, Walter ND, Den Boon S, et al. Empiric TB treatment of severely ill 
patients with HIV and presumed pulmonary TB improves survival. J Acquir 
Immune Defic Syndr 2016; 72:297–303.

35. Ulldemolins M, Roberts JA, Lipman J, Rello J. Antibiotic dosing in multiple organ 
dysfunction syndrome. Chest 2011; 139:1210–20.

36. Pasipanodya JG, McIlleron H, Burger A, et al. Serum drug concentrations predic-
tive of pulmonary tuberculosis outcomes. J Infect Dis 2013; 208:1464–73.

37. Ssengooba W, Meehan CJ, Lukoye D, et al. Whole genome sequencing to complement 
tuberculosis drug resistance surveys in Uganda. Infect Genet Evol 2016; 40:8–16.

38. World Health Organization. Policy statement: automated real-time nucleic acid 
amplification technology for rapid and simultaneous detection of tuberculosis 
and rifampicin resistance: Xpert MTB/RIF system. Geneva, Switzerland: World 
Health Organization; 2011.

39. World Health Organization. Policy update: the use of lateral flow urine lipoarabi-
nomannan assay (LF-LAM) for the diagnosis and screening of active tuberculosis 
in people living with HIV. Geneva, Switzerland: World Health Organization; 2015.

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/6/4/ofz140/5380622 by M

barara U
niversity of Science and Technology user on 04 June 2024

http://www.unaids.org/en/regionscountries/countries/uganda
http://www.unaids.org/en/regionscountries/countries/uganda
https://www.who.int/tb/data/en/

