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Abstract

Objective: To define sepsis syndromes in high-HIV burden settings in the antiretroviral therapy
(ART) era. Methods: We characterized a prospective cohort of adults presenting to a tertiary
emergency department in Harare, Zimbabwe with suspected community-acquired sepsis using
blood and urine cultures, urine tuberculosis lipoarabinomannan (TB LAM), and serum
cryptococcal antigen (CrAg) testing. The primary outcome was 30-day all-cause mortality.

Results: Of 142 patients enrolled 68% (7= 96/142, 95% confidence interval (Cl) [60-75%])
were HIV-positive, 41% (n=39/96, 95% CI [31-50%]) of whom were ART-naive. Among HIV-
positive patients, both opportunistic pathogens (TB LAM-positivity, 36%, 95% CI [24-48%)];
CrAg-positivity, 15%, 95% CI [7-23%]) and severe non-AlDS infections (S. pneumoniae urine
antigen-positivity 12%, 95% CI [4—-20%]; bacteraemia 17% (7= 16/96, 95% CI [9-24%]), of
which 56% (7= 9/16, 95% CI [30-80%]) were gram-negative organisms) were common.
Kilebsiella pneumoniae recovered from blood and urine was uniformly resistant to ceftriaxone, as
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were most Escherichia coliisolates. Acknowledging the power limitations of our study, we
conclude that relative to HIV-negative patients, HIV-positive patients had modestly higher 30-day
mortality (adjusted hazard ratio (HR) 1.88, 95% CI [0.78-4.55]; p=0.16, and 3.59, 95% CI [1.27-
10.16], p=0.02) among those with and without viral suppression, respectively.

Conclusion: Rapid point-of-care assays provide substantial clinically actionable information in
the setting of suspected sepsis, even in areas with high ART coverage. Antimicrobial resistance to
first-line antibiotics in high burden settings is a growing threat.
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HIV-associated sepsis; Sepsis in low-income countries; Antimicrobial resistance

Background

Methods

Sepsis is a major global health priority (Reinhart et al., 2017), affecting some 30 million
people annually and resulting in six million deaths. While high quality data guiding
management has been generated in high-income countries, the overwhelming majority of
disease burden occurs in low-and-middle-income countries (LMICs) (American College of
Chest Physicians, 1992 Fleischmann et al., 2016), where aetiologies, management
guidelines, and outcomes may differ significantly from high-income settings. In particular,
patient presentation, microbial aetiologies, and outcomes in high HIV burden populations
are poorly defined in the context of successful scale-up of antiretroviral therapy (ART).

Provision of primary and HIV-specific care in sub-Saharan Africa is challenged by poor
governance, poverty, ineffective national health insurance programs, and substandard quality
of care. Zimbabwe, among the world’s highest HIV prevalence (14.6%) (Zimbabwe
Ministry of Health and Child Care, 2014) nations, is ranked 154th of 188 countries in human
development. Despite major challenges, significant progress over the past five years in
national ART coverage has been achieved, reaching 86.8% of known HIV-positive persons
(Zimbabwe Ministry of Health and Child Care, 2014). Previous studies of sepsis, septic
shock, and mortality from the southern Africa region describe ART-naive individuals and
early mortality related to ART initiation. This has limited the generalizability of these
studies to chronic ART-treated individuals presenting with suspected sepsis in a region of
hyperendemic HIV and increasing ART coverage (Carugati et al., 2018; Koss et al., 2015;
Lawn et al., 2008; Marazzi et al., 2008).

We consecutively recruited adults with suspected sepsis admitted to the medical wards in an
urban tertiary care centre in Harare, Zimbabwe. Our objective was to describe clinical
presentation, HIV status and reported ART treatment, and comorbid opportunistic infections
(Kaukonen et al., 2015).

Study population

This was a prospective cohort study of patients admitted to Parirenyatwa Group of Hospitals
(PGH), the largest tertiary teaching hospital in Zimbabwe, serving a population of 1.25
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million. A convenience sample of adult patients (age =18 years) presenting to the PGH
Casualty Department (CD) with suspected sepsis and admitted to the medical ward during
the study period February—November 2016 were screened consecutively from 0700 to 1700
h. Sepsis was defined as suspected or documented infection plus the presence of at least one
systemic inflammatory response syndrome (SIRS) criteria (body temperature <36°C or
>38°C; heart rate >90 beats per minute; respiratory rate >20 breaths per minute; white blood
cell (WBC) count <4 x 109 cells/L or >12 x 109 cells/L, or presence of >10% immature
neutrophils) (Nisula et al., 2015; Singer et al., 2016) based on prior evidence indicating no
clear cut point exists for the number of SIRS criteria in defining the severity of sepsis
(Kaukonen et al., 2015). Patients presenting with primary surgical or obstetric conditions
according to the treating clinician on duty were excluded from screening. Test results were
supplied to treating clinicians, who coordinated all patient management and were not co-
investigators in the study. Written informed consent was obtained from each patient, or, if
they were unable to do so, from accompanying relatives or friends. Ethical approval for the
study was obtained from the Joint Research Ethics Committee (JREC) for The University of
Zimbabwe College of Health Sciences (UZCHS) and PGH and The Medical Research
Council of Zimbabwe (MRCZ).

We collected socio-demographic and clinical data using a standardized data collection tool.
For patients whose HIV status was unknown or not documented at enrolment, HIV
counselling and testing was provided according to national guidelines (Zimbabwe Ministry
of Health and Child Care, 2014). A rapid HIV test was performed (Determine HIV-1/2,
Alere Medical Co., Ltd, Chiba, Japan) followed by a confirmatory test (First response HIV
1-2, Premier Medical Corporation Ltd, Daman, India) for positive results. A third enzyme
immunoassay (EIA) (ChemBio HIV 1/2, Diagnostic Systems, Inc., Medford, New York,
USA) was used to evaluate discordant serologic results.

Microbiologic investigations

A single 10 mL blood sample was obtained aseptically in the CD prior to empiric antibiotic
administration and a single aerobic blood culture was performed (BacT/ALERT;
Biomérieux, Durham, North Carolina, USA) (see supplementary text). Coagulase-negative
Staphylococcus epidermidis, Staphylococcus hominis, and Micrococcus spp. were
considered contaminants and excluded from final analyses. For quality assurance and to
assess for the possibility of false negative results, a random subset of 5 blood cultures found
to be negative by our BacT/ALERT system were processed in parallel through a private
commercial laboratory in Harare and demonstrated no difference in results.

All patients provided a midstream urine sample that was examined macroscopically for
appearance, cultured, underwent dipstick urinalysis (Siemens Multistix 10 SG reagent strips
— Siemens Healthcare GmbH, Henkestr, Erlangen, Germany), and the remainder examined
for cells, ova, and casts. Colony counts of =10° mI~ indicated infection and isolates were
Gram stained and further characterized (Vitek 2 — BioMérieux Vitek, Inc. Hazelwood,
Missouri, USA) to obtain species identification and antimicrobial susceptibility patterns. We
recorded antimicrobial susceptibility data for both blood and urine cultures (Supplementary
Tables 1 and 2).
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Several point-of-care (POC) tests were done including urine streptococcal antigen using the
BinaxNOW Streptococcus pneumoniae Antigen Card (Abbott, Waltham, Massachusetts,
USA) (Alere, 2020a,b; Olofsson et al., 2019; Roson et al., 2004; Shoji et al., 2018) for all
study patients. For all HI\V-positive patients, urine was tested with a lateral flow assay for
lipoarabinomannan using Determine TB LAM Kkits (Abbott, Waltham, Massachusetts, USA)
(Alere, 2020a, b; Lawn et al., 2013), and, if CD4+ cell count was <200 cells/mm3, serum
was tested for Cryptococcal antigen (CrAg) using a lateral flow assay (IMMY, Inc,
Oklahoma, USA) (Drain et al., 2019; Hansen et al., 2013; Jarvis et al., 2009; Rajasingham et
al., 2012). Due to the low incidence of malaria in Harare province and its relatively high
altitude (World Health Organization, 2018), investigations for malaria were not routinely
carried out unless patients reported a history of travel outside of Harare.

HIV (immunologic and virologic testing)

Definitions

CDA4+ cell count testing was performed by flow cytometry (Partec cyflow, Sysmex Partec
GmbH, Goérlitz, Germany) according to manufacturer instructions and Zimbabwe national
guidelines (Zimbabwe Ministry of Health and Child Care, 2014). HIV viral load testing was
performed using GeneXpert HIV-1 Quant Viral load kits (Cepheid, Sunnyvale, California,
USA) (see supplementary text). For patients on ART with viral loads >1000 copies/ml (7=
20) genotyping and subtyping was completed (REGA HIV-1 subtyping tool) (Liu and
Shafer, 2006; Manasa et al., 2014) (see supplementary text).

Regardless of reported linkage to ART programs, we classified patients as HIV-negative;
HIV-positive, virally suppressed (<1000 copies/ml); and HIV-positive, high viral load
(=1000 copies/ml). Clinical assessment of sepsis was done using the quick Sequential Organ
Failure (QSOFA) score which includes (1) respirations >22 breaths/minute, (2) altered
mentation, (3) systolic blood pressure <100 mmHg, with two or more considered “high risk’
(Singer et al., 2016). The gSOFA score ranges from 0 to 3, with each criterion being worth
one point. For the 48% of patients (7= 68/142) for whom clinical and laboratory data was
complete, the SOFA score (Vincent et al., 1996), including (1) creatinine >110 pumoL/L, (2)
platelets <150 x 103 uL=1, and (3) total bilirubin >20 pmol/L was also calculated.

Statistical analysis

The primary outcome was death from any cause at 30 days following enrolment. Descriptive
analyses of baseline variables were performed to summarize patient characteristics.
Differences between groups were assessed using Chi Square for categorical variables, and
Kruskal-Wallis or Mann-Whitney tests for continuous variables. Bonferroni’s adjustment
was used to correct for multiple testing. Kaplan—-Meier (KM) curves were plotted to compare
time to death from time of admission between patient groups (HIV-negative; HI\-positive
ART-naive; high viral load; and virally suppressed).

Multivariate associations with 30-day mortality among patients admitted with suspected
sepsis were examined by using a Cox proportional hazard model and robust standard of
errors (SEs) to generate relative risk (RR) estimates; the model was a priori specified to
include HIV, age, sex, and severity of sepsis (i.e., gSSOFA). Missing values from the gSOFA
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calculation were imputed using the Multiple Imputation (MI) method, generating 20
imputed datasets. For each covariate with missing information, we used variables that could
potentially explain the missing data as predictors of missing values. Cox model analyses
were conducted on each imputed dataset. The results obtained from the imputed datasets
were combined using Rubin’s rules. We used the MICE package in R for multiple
imputation. However, on further consideration, severity of sepsis was noted to likely be a
causal mediator of the effect of HIV on death, as illustrated in our initial conceptual directed
acyclic graph (DAG) (Supplementary Figure 1). Therefore, we decided not to include
severity of sepsis in our final model. Rather, and because severity of sepsis was considered
to be a potentially strong predictor of death, we have included a separate model including
severity of sepsis in the supplement (Supplementary Table 4). The proportional hazard
assumption was checked using scaled Schoenfeld residuals. None of the covariates nor the
global test were found to be statistically significant. All analyses were performed using Stata
(\Version 13.0; College Station, Texas, USA) and graphics done in R (Mersion 3.5.3; Vienna,
Austria) (R Core Team, 2016).

Patient cohort

From February to November 2016, 155 adult patients were admitted from the casualty
department to the medical ward with one or more SIRS criteria and suspected infection
(Figure 1). Of 142 (92%, n= 142/155, 95% confidence interval (Cl) [87-96%]) patients
enrolled during the study period, 68% (7= 96/142, 95% CI [60-75%]) were HIV-positive.
Of HIV-positive patients, 41% (7= 39/96, 95% CI [31-50%]) were ART-naive and 59% (n7=
57/96, 95% CI [50-69%]) reported current use of ART. Median time on ART was 14 months
(interquartile range (IQR) 1-60 months), though only 51% (7= 21/41, 95% CI [36—67%]) of
those with available viral load data (72%; n= 41/57, 95% CI [60-84%]) were virally
suppressed (<1000 copies/ml) (<200 copies/ml, 7= 18; 200-500 copies/ml, n= 3). Twenty
patients (49%) reporting current ART use had high viral loads (median 42,900 copies/ml;
IQR 4908-99,600 copies/ml). Median CD4+ cell counts among patients with high viral
loads were low regardless of ART status (26 cells/mm3; IQR 10-93). Men were more likely
than women to be ART-naive with known status (37%, 7= 15/41, 95% CI [22-51%)] vs.
14%, n=5/37, 95% CI [2-25%]; p=0.02).

Clinical presentation

There were no differences between groups (HIV-negative; HIV-positive, virally suppressed;
HIV-positive, high viral load) in median pulse, respiratory rate, arterial pressure, WBC
count, platelet count, sodium, potassium, urea, or creatinine (Table 1). At presentation 25%
(n=135/141, 95% CI [18-32%)]) of patients were hypotensive (mean arterial pressure (MAP)
<65 mmHg). Risk of poor outcome was predicted to be high for 16% (n=19/121, 95% ClI
[9-22%)]) of patients by gSOFA and for 51% (/7= 35/68, 95% CI [40-63%]) of patients
using full SOFA scores. HIV-positive patients (66%, /7= 53/80, 95% CI [56—77%]) were
more likely to have moderate or high gSOFA scores (i.e., qSOFA score =1) than HIV-
negative patients (46%, n=19/41, 95% CI [31-62%]; p = 0.048). Of the 142 patients
enrolled, 47% (n=67/142, 95% CI [39-55%]), 27% (n1=38/142, 95% CI [19-34%]), and
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9% (n=13/142, 95% CI [4-14%]) had two, three, and four SIRS criteria, respectively.
Using a combination of the SOFA criteria and laboratory data, HIV-positive patients (60%, 7
= 30/50, 95% CI [46-74%]) were more likely to have two or more life-threatening organ
dysfunctions than HI\-negative patients (28%, n7=5/18, 95% CI [10-53%]; p= 0.02) (Table
1).

Aetiologic results

Overall, 20% (= 28/142, 95% CI [13-26%]) of blood cultures and 24% (= 29/120, 95%
CI [17-32%)]) of urine cultures were positive (Table 2), without significant variation by HIV
status. HIV-positive patients more often had bacteriologic evidence of infection (72%, n=
41/57, 95% CI [60-84%] vs 26%, n=9/34, 95% CI [12-41%], p <0.001), and POC tests
frequently gave actionable clinical information: TB (urine TB LAM-positivity, 36%, 95% CI
[24-48%]), cryptococcal disease (CrAg positivity 15%, 95% CI [7-23%]), and S.
pneumoniae sepsis (urine antigen, 12%, 95% CI [4—-20%]). Of these patients, 1 had both TB
and cryptococcal infection, 3 tested positive for both TB and S. pneumoniae, and 10 had
evidence of either TB or Cryptococcus and a concurrent bacterial infection (blood or urine).
For S. pneumoniae specifically, HIV-positive patients were more likely to screen positive as
compared to HIV-negative patients (12%, n= 8/65, 95% CI [4-20%] vs 0%, n=0/34, p <
0.05). ART-naive patients and patients on ART with high viral loads had higher rates of
opportunistic infections including TB and cryptococcal infections (51%, n= 20/39, 95% CI
[36—67%] and 60%, 7= 12/20, 95% CI [36-81%], respectively) relative to those on ART
who were virally suppressed (19%, n= 4/21, 95% CI [5-42%)]) (Table 2).

Microbiologic drug susceptibility testing (DST)

Microbiologic DST demonstrated a notable uniform resistance to ceftriaxone for Klebsiella
pneumoniae (blood and urine), and significant resistance to ceftriaxone among £. coli
isolated from urine. Both S. fyphiisolates were resistant to fluoroquinolones, and
Enterococcus faecalis specimens were uniformly susceptible to vancomycin (Supplementary
Tables 1 and 2).

HIV RNA sequencing

Mortality

We sequenced RNA from 8 of 18 patients with high viral loads; all eight were HIV-1 sub-
type C. Of the six samples from ART-naive patients, five exhibited no resistance mutations;
one had evidence of non-nucleoside reverse-transcriptase inhibitor (NNRTI) (K103N,
V106M, Y181C and G190A) and nucleotide reverse transcriptase inhibitor (NRTI)
resistance (D67N, K70E, L741, Y115F and M184V), as did two patients reporting current
use of full dose combination efavirenz (EFV) or nevirapine (NVP) and tenofovir df/
lamivudine (EFV/NVP/TDF/3TC) with an NNRTI backbone.

Among all patients, 31.6% (n7=45/142, 95% CI [24-39%]) died within 30 days of hospital
admission (Figure 2). This included 13.4% (n=19/142, 95% CI [8-19%]) who died in-
hospital within three days, 14.8% (1= 21/142, 95% CI [9-21%]) who died in-hospital after
three days, and 3.5% (n=5/142, 95% CI [4-7%]) who died post-hospital discharge but
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within 30 days of admission. Patients were additionally traced in December 2016, anywhere
from 1 to 10 months after their initial discharge. Among those confirmed to be alive at 30
days (68.3%; n=97/142), seven (n=7/97, 7.2%, 95% CI [2-12]) were traced and confirmed
to have died after their hospital admission. Relative to HIV-negative patients, and after
adjustment for age and sex the 30-day mortality hazard ratio (HR) for HIVV-positive patients
with high-viral load, viral suppression, and ART-naive, was 3.59 (95% CI [1.27-10.16]; p=
0.02), 1.88 (95% CI [0.78-4.55]; p=0.16), and 1.61 (95% CI [0.64-4.09]; p=0.31),
respectively (Table 3). In a secondary analysis considering time on ART, compared to HIV-
negative patients, higher mortality (HR 3.70, 95% CI [1.34-10.17], p = 0.01) was noted
among those HIV-positive patients on ART <6 months relative to those on ART >6 months
(HR 1.98, 95% CI [0.92-4.27], p= 0.08) or those who were ART-naive (HR 1.40, 95% CI
[0.57-3.40], p = 0.46) (Supplementary Table 3). Disease-specific mortality among HIV-
positive patients was 25% (7= 2/8, 95% CI [3-65%)]) for S. pneumoniae, 36% (n= 5/14,
95% CI [13-65%]) for cryptococcal disease, and 32% (= 7/22, 95% CI [14-55%]) for TB.
For bacteraemic patients, HIV-positive patients had mortality rates of 60% (n7 = 3/5, [15—
95%]) and 33% (n = 3/9, [7-70%]) for gram-positive and gram-negative infections,
respectively.

Discussion

In a consecutive sample of adults hospitalized with community-acquired suspected sepsis in
Harare, Zimbabwe, we found that morbidity and mortality were dominated by HIV and
associated opportunistic pathogens, consistent with prior studies from sub-Saharan Africa
(Lewis et al., 2019). Routine use of available POC diagnostic assays for TB and
Cryptococcus identified over one-half of aetiologies in the CD. Our study was significant in
examining blood and urine cultures with antimicrobial susceptibilities, identifying
substantial resistance to first-line antibiotics for gram-negative organisms. While our cohort
demonstrated higher mortality among HIV-positive as compared with HIV-negative patients,
consistent with prior studies (Lewis et al., 2019), it is notable that HIV-positive patients on
ART less than 6 months had relatively higher mortality than ART-naive patients as did those
with high viral loads.

Opportunistic and severe non-AlDS infections remain important causes of morbidity and
mortality among HIV-infected patients despite the widespread use of ART in sub-Saharan
Africa (Etard et al., 2006; Jacob et al., 2009; Lawn et al., 2008; Ndadane and Maharaj,
2019). The aetiologies and outcomes of sepsis among the HIV-positive population in our
cohort are similar to other sub-Saharan African studies conducted in the pre- and early ART
eras (Andrews et al., 2017; Boillat-Blanco et al., 2018; Jacob et al., 2009; Moore et al.,
2019). A recent metanalysis of sepsis among adults in sub-Saharan Africa reported that HIV
and TB predominated as leading causes of both sepsis and resulting mortality (Lewis et al.,
2019). Similarly, TB and cryptococcal disease were commonly associated with sepsis in our
cohort. Key differences from previous studies, notably the predominance of gram-negative
sepsis (especially £. coli), are likely related to regional or setting-specific differences in
prevalence of specific pathogens (for example, predominance of non-typhoidal Sa/monella
and S. pneumoniae in Malawi (Peters et al., 2004; Waitt et al., 2015). We did find, however,
that HIV-positive patients were more likely to screen positive as compared to their HIV-
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negative counterparts (12%, 1= 8/65, 95% CI [4-20%] vs 0%, n = 0/34, p< 0.05) for S.
pneumoniae (Roson et al., 2004). The incidence of invasive pneumococcal disease has been
reported to be higher in HIV-positive patients in Africa both prior to (Jones et al., 1998) and
following the widespread scale-up of ART (Conklin et al., 2016; Gill et al., 2008; Meiring et
al., 2016).

TB (Archibald et al., 1998; Huerga et al., 2017; Peter et al., 2016) and cryptococcal infection
(Eshun-Wilson et al., 2018) are common causes of sepsis and death (Archibald et al., 1998;
Cox et al., 2012; Powell et al., 2016) in sub-Saharan Africa, and were likewise the two most
common diagnoses in our cohort. Importantly, urine TB-LAM and serum CrAg together
identified an aetiology for sepsis that would alter traditional antibiotic management in nearly
half of all patients in our study. These data point for the urgent need for these tests to
become a part of the routine management and care of sepsis in high HIV burden settings.

The global burden of antimicrobial resistance (AMR) is heterogenous and poorly
characterized in many settings, in particular in sub-Saharan Africa (Review on
Antimicrobial Resistance, 2016). However, there is evidence of increasing AMR in clinical
bacterial isolates to the available and commonly used antibiotics in Africa (Ekwanzala et al.,
2018; Leopold et al., 2014), including in neighbouring Malawi (Musicha et al., 2017). While
our study lacks a time dimension, we found high levels of resistance to first-line antibiotics
in Zimbabwe, including B-lactam antibiotics and ciprofloxacin, with a notable greater degree
of resistance among urine as compared to blood isolates. Ceftriaxone, often administered
empirically in the CD for suspected sepsis due to its low cost and ostensible broad-spectrum,
was found to be ineffective against most £. Coliand K. pneumoniae isolates in our study.
Consistent with reports of high prevalence of extended spectrum beta-lactamase (ESBL)
producing organisms on the African continent (Storberg, 2014), we found evidence of
resistance among £. Coliand K. pneumoniae isolates to both amoxicillin-clavulanate and
piperacillin-tazobactam in both urine and blood specimens. Although our sample size was
small, given the widespread reliance on ceftriaxone as a life-saving antibiotic in the setting
of incipient critical illness, our results suggest urgent validation in larger studies to
determine its current efficacy.

Many patients in the study (27%) presenting with sepsis had undiagnosed HIV infection and
were not receiving treatment. Among those who were on treatment, only 50% had achieved
virologic suppression. Additionally, although genotyping was possible in only a small
number of the subjects, 3/8 had high level drug resistance to first-line therapy. This may
represent the use of the CD as an important safety net and contact point for HIV patients
who are developing life-threatening complications from their HIV. Certainly critical/severe
illness impairs access and full adherence to ART regimens leading to virologic failure (high
viral load) without drug resistance mutations. Mortality has also been shown to be greatest
during the initial months of ART initiation (Etard et al., 2006; Lawn et al., 2008), consistent
with our finding of an increased 30-day mortality for HIV-positive patients on ART for <6
months. We hypothesize that this high mortality may be in part explained by Immune
Reconstitution Inflammatory Syndrome (IRIS) (Muller et al., 2010; Murdoch et al., 2007).
However, the high mortality among HIV-positive patients on ART with high viral loads may
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also be explained by inadequate clinical monitoring of ART, transmitted and acquired
resistance, and virologic failure (50%) on first-line treatment.

Our study has several important limitations. First, the modest sample size and variety of
potential sepsis aetiologies limit pathogen-specific conclusions. Additionally, our sample
size limits the strength of the conclusions we can make regarding the effect of HIV-relevant
parameters on sepsis outcomes. Second, respiratory rate in the CD was inconsistently
reported, and as in a number of high-income settings (Cretikos et al., 2008; Hogan, 2006),
when recorded was often reported but not properly measured. Multiple imputation was
therefore used to impute missing values for day 0 respiratory rate when gSOFA scores were
utilized. Third, ours was a single-centre study, and the degree to which a tertiarycare centre
in Harare, Zimbabwe is generalizable tothe region or continent is unknown.

In conclusion, HIV and opportunistic pathogens, especially TB and cryptococcal infection,
dominated the clinical presentation of patients presenting to the CD with suspected sepsis,
and were associated with high mortality. However, severe non-AlDS infections were also
important contributors, with AMR observed to be a growing public health problem, in
particular for gram-negative organisms. Low-cost POC testing to rapidly identify HIV and
opportunistic pathogens in the CD should be routinely employed in patient management and
therapeutic decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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