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Abstract: Disseminated histoplasmosis is a common differential diagnosis of tuberculosis in disease-
endemic areas. We aimed to find a predictive score to orient clinicians towards disseminated histo-
plasmosis or tuberculosis when facing a non-specific infectious syndrome in patients with advanced
HIV disease. We reanalyzed data from a retrospective study in Cayenne Hospital between Jan-
uary 1997–December 2008 comparing disseminated histoplasmosis and tuberculosis: 100 confirmed
disseminated histoplasmosis cases and 88 confirmed tuberculosis cases were included. A simple
logit regression model was constructed to predict whether a case was tuberculosis or disseminated
histoplasmosis. From this model, a score may be obtained, where the natural logarithm of the
probability of disseminated histoplasmosis/tuberculosis = +3.917962 × WHO performance score
(1 if >2, 0 if ≤2) −1.624642 × Pulmonary presentation (1 yes, 0 no) +2.245819 × Adenopathies >
2 cm (1 yes, 0 no) −0.015898 × CD4 count − 0.001851 × ASAT − 0.000871 × Neutrophil count −
0.000018 × Platelet count + 6.053793. The area under the curve was 98.55%. The sensitivity of the
model to distinguish between disseminated histoplasmosis and tuberculosis was 95% (95% CI =
88.7–98.3%), and the specificity was 93% (95% CI = 85.7.3–97.4%). In conclusion, we here present a
clinical-biological predictive score, using simple variables available on admission, that seemed to
perform very well to discriminate disseminated histoplasmosis from tuberculosis in French Guiana
in well characterized patients.
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1. Introduction

With an HIV prevalence greater than 1% for over 3 decades, French Guiana is the
French territory where the human immunodeficiency virus (HIV) epidemic is most pre-
occupying [1]. Disseminated histoplasmosis and tuberculosis have consistently remained
among the top AIDS-defining illnesses, disseminated histoplasmosis being the first [2,3].
During HIV infection, both histoplasmosis and tuberculosis are often disseminated in-
fections. In persons with advanced HIV, in the absence of treatment, the dissemination
of the pathogen may cause a rapid and potentially fatal evolution, often in a context of
hemophagocytic lymphohistiocytosis [4,5]. In the absence of rapid diagnostic tests, in-
vasive diagnostic methods are often necessary and presumptive treatment is often given
guided by both knowledge of the local epidemiology—the respective incidences of dis-
seminated histoplasmosis and tuberculosis—and clinical judgement [6]. Although the
clinical dilemma is often framed as a dichotomy between disseminated histoplasmosis or
tuberculosis, in fact, coinfections are common [7]. The biological confirmation through
pathogen identification by culture is long and may be difficult, although direct examination
or pathology may yield rapid results [8]. Although progress is in the pipeline [9–11], in
practice, rapid and sensitive antigenic detection techniques are still not available in most
endemic countries [12,13]. The non-specific nature of the clinical and paraclinical findings
for both diseases makes the differential diagnosis between disseminated histoplasmosis
and tuberculosis difficult in disease-endemic areas [14]. Ever since the first publication
by Samuel Darling [15], numerous publications have reported cases of histoplasmosis
resembling tuberculosis. We have recently mapped estimates for histoplasmosis and tuber-
culosis incidence and case fatality for Latin America showing that, for a median scenario of
50% of symptomatic histoplasmosis cases and a historical level of 40% case fatality, 9/21
(43%) Latin American countries had an equivalent of greater incidence of disseminated
histoplasmosis than tuberculosis, and that 14/21 (67%) countries had an equivalent or
greater number of disseminated histoplasmosis deaths than tuberculosis [16].

In French Guiana, because of a good knowledge of the epidemiologic context, clini-
cians generally suspect histoplasmosis and tuberculosis in immunosuppressed patients at
admission [4,17]. Although lengthy hospitalizations are often required before the pathogen
is identified, despite proactive sampling of fluids and tissues, presumptive treatment is
common in order to avoid potentially fatal therapeutic delays, usually antituberculosis
therapy prevailing on antifungal therapy [18,19]. Although it has long been assumed that
these two diseases are similar, this was not based on any direct comparison. In this context,
we had performed a comparative study between tuberculosis and histoplasmosis, suggest-
ing that, although there were many similarities, there were some differences that allowed
experienced physicians to distinguish between the two diagnoses [14]. Hence, tuberculosis
was more associated with pulmonary signs and an elevated CRP, whereas histoplasmosis
was associated with cytopenia and/or a digestive presentation. Whether these striking
features at the level of a study population had any value when caring for an individual
patient was not clear. Since then, to our knowledge, no other direct comparisons have been
made. We aimed to further the analyses to determine if we could find a predictive score
to orient clinicians towards disseminated histoplasmosis or tuberculosis when facing a
non-specific infectious syndrome in patients with advanced HIV disease.

2. Materials and Methods
2.1. Study Design

A retrospective study took place at Cayenne Hospital (Cayenne, French Guiana)
between January 1997–December 2008 [14]. The study population consisted of patients
from the HIV hospital cohort, which is part of the French Hospital Database on HIV, for
which data have been systematically collected since 1992.
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2.2. Inclusion and Exclusion Criteria

The inclusion criteria were an age ≥ 18 years, hospital admission or outpatient visit
before admission, inclusion in the French Hospital Database, confirmed HIV infection, con-
firmed tuberculosis by culture and identification of Mycobacterium tuberculosis or confirmed
disseminated histoplasmosis by direct examination and/or culture of Histoplasma capsula-
tum, and biological screening less than 7 days before treatment initiation. The inclusion
date was that of treatment initiation for tuberculosis or disseminated histoplasmosis.

The exclusion criteria were concomitant tuberculosis and histoplasmosis, a history of
tuberculosis or histoplasmosis, and an immune reconstitution disease due to tuberculosis
or disseminated histoplasmosis. If the diagnosis of tuberculosis or histoplasmosis was only
done by polymerase chain reaction, we did not include the patient.

Clinical evaluation of the patient’s general condition upon admission used the Eastern
World Health Organization performance status score. Statistical analysis of anonymized
was performed with Stata 16 (Stata Corporation, College Station, TX, USA). A pulmonary
presentation was defined as clinical symptoms or signs of the bronchopulmonary sphere
(cough, dyspnea, abnormal auscultation) or abnormal chest X-ray. This was coded as a
dichotomous variable. Clinically palpable lymphadenopathies >2 cm were also coded as a
dichotomous variable.

Based on our previous analysis and stepwise multivariate model [14], we selected
variables to construct multiple logistic regression models. The dependent variable was
tuberculosis or disseminated histoplasmosis, respectively, coded 0 or 1. Hence, if the
OR was significantly < 1, the variable was associated with tuberculosis, and, if the OR
was significantly > 1, then the variable was associated with histoplasmosis. Biological
variables—CD4, Neutrophils, Aspartate-Amino-Transferase (ASAT), and Platelets—were
included as continuous variables in order to make marginal predictions for different values
of these variables. We did not include “local” variables, such as the place of residence or
the duration of stay in French Guiana or ethnicity, because these variables would not be
transposable in other contexts. We used Akaike’s Information Criterion to select the most
parsimonious model, and we used Hosmer-Lemeshow’s goodness of fit test. We then used
the logit coefficients to construct a predictive score. We performed postestimation analyses
estimating sensitivity, specificity, and positive and negative predictive values. Finally, we
plotted the full model’s ROC curve. The alpha risk was set at 5%. For continuous variables,
the reference laboratory threshold used 1 for those with platelets < 150,000/mm3, and 0 for
those with higher platelet counts. For CD4 and for neutrophil counts, we used the median
value as a cutoff, 1 being lower that the median, and 0 being higher that the median. To
avoid overfitting, we also tried the model on a training random sample of the dataset and
then used the coefficient from the training model to make predictions on the testing set
with the remaining observations. To compute the probability of having histoplasmosis, we
exponentiated the logit coefficient from the training model and then divided the odds by
the odds + 1 − Probability = odds/(1 + odds).

2.3. Ethical and Regulatory Aspects

The study and database were approved by the Institut National de la Santé et de
la Recherche Médicale (INSERM (IRB00000388, FWA00005831). Patients gave written
informed consent for the study and the publication of results.

3. Results

Table 1 shows the most parsimonious Logit regression model obtained on 188 obser-
vations, 100 confirmed disseminated histoplasmosis cases, and 88 confirmed tuberculosis
cases. From this model, a score may be obtained, where the natural logarithm of the
probability of histoplasmosis compared to tuberculosis = +3.917962 × WHO performance
score (1 if >2, 0 if ≤2) −1.624642 × pulmonary presentation (1 yes, 0 no) +2.245819 ×
adenopathies > 2 cm (1 yes, 0 no) −0.015898 × CD4 count − 0.001851*ASAT − 0.000871 ×
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neutrophil count − 0.000018 × platelet count + 6.053793. Supplementary file 1 provides an
Excel spreadsheet computing the probability for the specific values of an individual patient.

Table 1. Logit regression of the most parsimonious model according to Akaike’s information criterion.

Disseminated
Histoplasmosis vs.

Tuberculosis
Coef. St. Err. p-Value [95% Conf Interval]

WHO performance score > 2 3.917962 0.806778 0.000 2.337 5.499
Pulmonary presentation −1.624642 0.891495 0.068 −3.372 0.123

Adenopathies > 2 cm 2.245819 0.907807 0.013 0.467 4.025
CD4 count (per mm3) −0.015898 0.004648 0.001 −0.025 −0.007

ASAT (IU) −0.001851 0.000899 0.039 −0.004 −0.000
Neutrophil count (per mm3) −0.000871 0.000240 0.000 −0.001 −0.000

Platelet count (per mm3) −0.000018 0.000004 0.000 −0.000 −0.000
Intercept 6.053793 1.755852 0.001 2.612 9.495

Figure 1 shows the ROC curve of the predictive model and Figure 2 shows the evolu-
tion of sensitivity and specificity for different cutoffs.
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Figure 1. The performance of the model with an area under the ROC curve of 98.55%.

Table 2 shows the performance of the multivariate model in classifying disseminated
histoplasmosis and tuberculosis. Sensitivity of the model to distinguish between dissemi-
nated histoplasmosis and tuberculosis was 95% (95% CI = 88.7–98.3%), and the specificity
was 93% (95% CI = 85.7.3–97.4%). The positive predictive value was 93.9%, and the nega-
tive predictive value was 93%, but the respective numbers did not correspond to real life
proportions. Overall, 94.1% of patients were correctly classified.
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Table 2. Performance of the multivariate model to classify patients as disseminated histoplasmosis
or tuberculosis.

Confirmed Disseminated
Histoplasmosis

Confirmed
Tuberculosis Total

Classified as disseminated
histoplasmosis 95 6 101

Classified as tuberculosis 5 82 87
Total 100 88 188

We looked at the patients that were wrongly classified (data not shown). For missed
disseminated histoplasmosis, there were too few misclassified observations to do robust
statistics, but the missed disseminated histoplasmoses tended to have higher mean platelet
counts than correct predictions, 27,0142 versus 165,032 per mm3, respectively, and higher
mean neutrophil counts, 2838 versus 2276 per mm3, respectively. To eliminate overfitting
artefacts, we randomly split the dataset into a training set and a testing set, where the
coefficients obtained from the training set (n = 94) were used to compute the probability on
the testing set (n = 94). With this, the sensitivity on the training set was 83% (70–91%), and
specificity was 91.8% (80–97.7%).

Figure 3 showed that, according to the multivariate model and the predictive score
derived from it, as platelet counts and neutrophil counts decline, and as CD4 counts
decline, the probability of disseminated histoplasmosis increases. This was not clear for
Aspartate-Amino-Transferase concentrations.
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Figure 3. The evolution of the probability of having disseminated histoplasmosis, rather than tuber-
culosis, for CD4, neutrophil, and platelet counts, and Aspartate-Amino-Transferase concentration.

4. Discussion

Here, we show that, when comparing microbiologically confirmed cases of dissemi-
nated histoplasmosis and tuberculosis, a model using variables that are available in any
hospital was able to correctly identify cases of tuberculosis or disseminated histoplasmosis
with great accuracy, as shown by an area under the ROC curve of 98.55%. Although some
authors have tried to discriminate patients [20], this is the first study to calculate sensitivity
and specificity of variables to distinguish disseminated histoplasmosis from tuberculosis.
The wide availability of variables from common clinical and paraclinical data could make
it very useful for clinicians who wish to distinguish between the two in endemic contexts, a
situation that corresponds to much of Latin America [16].

In French Guiana, disseminated histoplasmosis has been high on the research and
clinical agendas, and microbiological facilities are well developed, but we have observed
that patients on antituberculosis drugs with no confirmed diagnosis had a twofold in-
creased risk of dying than those with a positive diagnosis [21]. Unfortunately, antigen
detections tests or urine LAM for tuberculosis have still not been implemented as routine
in patients with advanced HIV disease. Thus, the present score may be of future use to
avoid misdiagnoses and treatment delays.

The limitations of the present study are that, although this comparison models a com-
mon and emblematic differential diagnosis, the back-to-back comparison of disseminated
histoplasmosis and tuberculosis is reductive and falsely dichotomizes real clinical situations
with advanced HIV, where other differential diagnoses may be evoked. The diagnosis of
disseminated histoplasmosis and tuberculosis relied on microbiology, the gold standard,
but we now know that the sensitivity of these methods is lower than other methods of anti-
gen testing for disseminated histoplasmosis or Gene Xpert for tuberculosis [22]. Therefore,
perhaps there are a number of more difficult diagnoses that are not captured by this model.
Furthermore, for the sake of clarity, we excluded coinfections with both tuberculosis and
disseminated histoplasmosis, a situation that is not uncommon and may even be very fre-
quent in some epidemiological contexts [7]. Superficial lymphadenopathies were clinically
measured, which may have introduced some variability and imprecision. The relatively
small sample size could be seen as a weakness, but the magnitude of the area under the
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curve, and the fact that training and testing models on randomly split samples yielded
similar results, suggests that overfitting was not a problem. As the context is specific to
French Guiana, the score extracted should nevertheless not be taken at face value and
replace sound clinical practice until it has been validated elsewhere in different contexts, a
task that seems feasible given the near universal availability of the variables composing
the score. Furthermore, as other diagnostic methods are scaled up across Latin American
hospitals, and beyond, the score may require further validation and recalibration. Positive
and negative predictive values are probably not valid because the relative proportion of
disseminated histoplasmosis and tuberculosis in our sample did not necessarily reflect the
real situation. Further prospective studies could help obtain these values for the site where
the study is performed.

5. Conclusions

In conclusion, we here present a clinical-biological predictive score, using simple
variables available on admission, that seemed to perform very well to discriminate dissemi-
nated histoplasmosis from tuberculosis in French Guiana in well characterized HIV patients.
This should be confirmed by external validation in different epidemiological contexts, and
beyond the dichotomy disseminated histoplasmosis-tuberculosis, before we see if it is
useful for clinicians who most often still do not have access to rapid antigen detection tests,
and for patients for whom therapeutic delays can lead to early death. Although Samuel
Darling’s differential diagnosis remains common at the bedside, this data suggests that, in
fact, in patients with advanced HIV, single infections by M. tuberculosis or H. capsulatum are
quite different.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jof8010016/s1, Supplementary file 1: Probability calculator to distinguish histoplasmosis
from tuberculosis.

Author Contributions: Conceptualization, M.N.; methodology, M.N.; formal analysis, M.N.; investi-
gation, K.D.A., M.D. (Maylis Douine), R.B., P.A., F.A., N.S., M.B., L.E., F.D., M.D. (Magalie Demar),
P.C., N.V., L.A., A.L.; resources, A.A.; data curation, A.A.; writing—original draft preparation, M.N.;
writing—review and editing, M.N., A.A., P.C., L.E.; Final validation, M.N. All authors have read and
agreed to the published version of the manuscript.

Funding: Agence Nationale de Recherches sur le SIDA et les Hépatites, ANRS 12260, EDIRAPHIS
and European Regional Development Fund (FEDER, N◦ Presage 31362).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. The study and database were approved by the Institut National de la Santé
et de la Recherche Médicale (INSERM (IRB00000388, FWA00005831).

Informed Consent Statement: Patients gave written informed consent for the study and the publica-
tion of results.

Data Availability Statement: Anonymized data can be made upon reasonable request at cicec@ch-
cayenne.fr.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nacher, M.; Adriouch, L.; Huber, F.; Vantilcke, V.; Djossou, F.; Elenga, N.; Adenis, A.; Couppié, P. Modeling of the HIV Epidemic

and Continuum of Care in French Guiana. PLoS ONE 2018, 13, e0197990. [CrossRef]
2. Nacher, M.; Adenis, A.; Adriouch, L.; Dufour, J.; Papot, E.; Hanf, M.; Vantilcke, V.; Calvez, M.; Aznar, C.; Carme, B.; et al. What Is

AIDS in the Amazon and the Guianas? Establishing the Burden of Disseminated Histoplasmosis. Am. J. Trop. Med. Hyg. 2011, 84,
239–240. [CrossRef]

3. Nacher, M.; Adenis, A.; Guarmit, B.; Lucarelli, A.; Blanchet, D.; Demar, M.; Djossou, F.; Abboud, P.; Epelboin, L.; Couppié, P.
What Is AIDS in the Amazon and the Guianas in the 90-90-90 Era? PLoS ONE 2020, 15, e0236368. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jof8010016/s1
https://www.mdpi.com/article/10.3390/jof8010016/s1
http://doi.org/10.1371/journal.pone.0197990
http://doi.org/10.4269/ajtmh.2011.10-0251
http://doi.org/10.1371/journal.pone.0236368
http://www.ncbi.nlm.nih.gov/pubmed/32706836


J. Fungi 2022, 8, 16 8 of 8

4. Nguyen, D.; Nacher, M.; Epelboin, L.; Melzani, A.; Demar, M.; Blanchet, D.; Blaizot, R.; Alsibai, K.D.; Abboud, P.; Djossou, F.
Hemophagocytic Lymphohistiocytosis during HIV Infection in Cayenne Hospital 2012–2015: First Think Histoplasmosis. Front.
Cell. Infect. Microbiol. 2020, 10, 574584. [CrossRef] [PubMed]

5. Nacher, M.; Drak Alsibai, K.; Valdes, A.; Blaizot, R.; Abboud, P.; Demar, M.; Djossou, F.; Epelboin, L.; Misslin, C.; Ntab, B. Risk
Factors for Mortality among HIV-Infected Patients with Disseminated Histoplasmosis. J. Fungi 2020, 6, 326. [CrossRef] [PubMed]

6. Nacher, M.; Valdes, A.; Adenis, A.; Blaizot, R.; Abboud, P.; Demar, M.; Djossou, F.; Epelboin, L.; Misslin, C.; Ntab, B. Disseminated
Histoplasmosis in HIV-Infected Patients: A Description of 34 Years of Clinical and Therapeutic Practice. J. Fungi 2020, 6, 164.
[CrossRef] [PubMed]

7. Caceres, D.H.; Valdes, A. Histoplasmosis and Tuberculosis Co-Occurrence in People with Advanced HIV. J. Fungi 2019, 5, 73.
[CrossRef]

8. Drak Alsibai, K.; Couppié, P.; Blanchet, D.; Adenis, A.; Epelboin, L.; Blaizot, R.; Louvel, D.; Djossou, F.; Demar, M.; Nacher, M.
Cytological and Histopathological Spectrum of Histoplasmosis: 15 Years of Experience in French Guiana. Front. Cell. Infect.
Microbiol. 2020, 10, 662. [CrossRef]

9. Cáceres, D.H.; Gómez, B.L.; Tobón, A.M.; Chiller, T.M.; Lindsley, M.D. Evaluation of a Histoplasma Antigen Lateral Flow Assay for
the Rapid Diagnosis of Progressive Disseminated Histoplasmosis in Colombian Patients with AIDS. Mycoses 2020, 63, 139–144.
[CrossRef]

10. Cáceres, D.H.; Gómez, B.L.; Tobón, Á.M.; Minderman, M.; Bridges, N.; Chiller, T.; Lindsley, M.D. Validation and Concordance
Analysis of a New Lateral Flow Assay for Detection of Histoplasma Antigen in Urine. J. Fungi 2021, 7, 799. [CrossRef] [PubMed]

11. Caceres, D.H.; Knuth, M.; Derado, G.; Lindsley, M.D. Diagnosis of Progressive Disseminated Histoplasmosis in Advanced HIV: A
Meta-Analysis of Assay Analytical Performance. J. Fungi 2019, 5, 76. [CrossRef] [PubMed]

12. Bongomin, F.; Kwizera, R.; Denning, D.W. Getting Histoplasmosis on the Map of International Recommendations for Patients
with Advanced HIV Disease. J. Fungi 2019, 5, 80. [CrossRef] [PubMed]

13. Caceres, D.H.; Adenis, A.; de Souza, J.V.B.; Gomez, B.L.; Cruz, K.S.; Pasqualotto, A.C.; Ravasi, G.; Perez, F.; Chiller, T.; de Lacerda,
M.V.G. The Manaus Declaration: Current Situation of Histoplasmosis in the Americas, Report of the II Regional Meeting of the
International Histoplasmosis Advocacy Group. Curr. Fungal Infect. Rep. 2019, 13, 244–249. [CrossRef]

14. Adenis, A.; Nacher, M.; Hanf, M.; Basurko, C.; Dufour, J.; Huber, F.; Aznar, C.; Carme, B.; Couppie, P. Tuberculosis and
Histoplasmosis among Human Immunodeficiency Virus–Infected Patients: A Comparative Study. Am. J. Trop. Med. Hyg. 2014,
90, 216. [CrossRef]

15. Darling, S.T. A Protozoön General Infection Producing Pseudotubercles in the Lungs and Focal Necroses in the Liver, Spleen and
Lymphnodes. J. Am. Med. Assoc. 1906, 46, 1283–1285. [CrossRef]

16. Adenis, A.A.; Valdes, A.; Cropet, C.; McCotter, O.Z.; Derado, G.; Couppie, P.; Chiller, T.; Nacher, M. Burden of HIV-Associated
Histoplasmosis Compared with Tuberculosis in Latin America: A Modelling Study. Lancet Infect. Dis. 2018, 18, 1150–1159.
[CrossRef]

17. Vantilcke, V.; Boukhari, R.; Jolivet, A.; Vautrin, C.; Misslin, C.; Adenis, A.; Nacher, M. Fever in Hospitalized HIV-Infected Patients
in Western French Guiana: First Think Histoplasmosis. Int. J. STD AIDS 2014, 25, 656–661. [CrossRef]

18. Nacher, M.; Adenis, A.; Sambourg, E.; Huber, F.; Abboud, P.; Epelboin, L.; Mosnier, E.; Vantilcke, V.; Dufour, J.; Djossou, F.
Histoplasmosis or Tuberculosis in HIV-Infected Patients in the Amazon: What Should Be Treated First? PLoS Negl. Trop. Dis.
2014, 8, e3290. [CrossRef]

19. Huber, F.; Nacher, M.; Aznar, C.; Pierre-Demar, M.; El Guedj, M.; Vaz, T.; Vantilcke, V.; Mahamat, A.; Magnien, C.; Chauvet, E.
AIDS-Related Histoplasma capsulatum Var. capsulatum Infection: 25 Years Experience of French Guiana. Aids 2008, 22, 1047–1053.

20. Caceres, D.H.; Tobón, A.M.; Cleveland, A.A.; Scheel, C.M.; Berbesi, D.Y.; Ochoa, J.; Restrepo, A.; Brandt, M.E.; Chiller, T.; Gómez,
B.L. Clinical and Laboratory Profile of Persons Living with Human Immunodeficiency Virus/Acquired Immune Deficiency
Syndrome and Histoplasmosis from a Colombian Hospital. Am. J. Trop. Med. Hyg. 2016, 95, 918. [CrossRef]

21. HIV Patients Dying on Anti-Tuberculosis Treatment: Are Undiagnosed Infections Still a Problem in French Guiana? Available
online: https://pubmed.ncbi.nlm.nih.gov/32276647/ (accessed on 17 November 2021).

22. Sorsa, A.; Kaso, M. Diagnostic Performance of GeneXpert in Tuberculosis-HIV Co-Infected Patients at Asella Teaching and
Referral Hospital, Southeastern Ethiopia: A Cross Sectional Study. PLoS ONE 2021, 16, e0242205. [CrossRef] [PubMed]

http://doi.org/10.3389/fcimb.2020.574584
http://www.ncbi.nlm.nih.gov/pubmed/33072627
http://doi.org/10.3390/jof6040326
http://www.ncbi.nlm.nih.gov/pubmed/33266199
http://doi.org/10.3390/jof6030164
http://www.ncbi.nlm.nih.gov/pubmed/32906589
http://doi.org/10.3390/jof5030073
http://doi.org/10.3389/fcimb.2020.591974
http://doi.org/10.1111/myc.13023
http://doi.org/10.3390/jof7100799
http://www.ncbi.nlm.nih.gov/pubmed/34682221
http://doi.org/10.3390/jof5030076
http://www.ncbi.nlm.nih.gov/pubmed/31426618
http://doi.org/10.3390/jof5030080
http://www.ncbi.nlm.nih.gov/pubmed/31480775
http://doi.org/10.1007/s12281-019-00365-3
http://doi.org/10.4269/ajtmh.13-0084
http://doi.org/10.1001/jama.1906.62510440037003
http://doi.org/10.1016/S1473-3099(18)30354-2
http://doi.org/10.1177/0956462413516299
http://doi.org/10.1371/journal.pntd.0003290
http://doi.org/10.4269/ajtmh.15-0837
https://pubmed.ncbi.nlm.nih.gov/32276647/
http://doi.org/10.1371/journal.pone.0242205
http://www.ncbi.nlm.nih.gov/pubmed/33503051

	Introduction 
	Materials and Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Ethical and Regulatory Aspects 

	Results 
	Discussion 
	Conclusions 
	References

