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Background: Opportunistic infections are the major causes for morbidity and mortality due to HIV infections. Despite advances in
HIV diagnosis and management, the incidence of opportunistic infections remains high. This study aimed to assess the incidence and
predictors of opportunistic infections among persons living with HIV/AIDS in Ethiopia.

Methods: A retrospective follow-up study was conducted on 354 samples of adults living with HIV on antiretroviral therapy at Dessie
Comprehensive Specialized Hospital. Simple random sampling technique was used to select study participants. The data collection
format was taken from national antiretroviral intake and follow-up forms. Epi-data Version 4.6.1 and STATA Version 16 software were
used for data entry and data analysis respectively. The Cox-proportional hazards regression model was fitted. Kaplan—-Meier survival
curve was used to estimate opportunistic infections-free survival time. Both bi-variable and multivariable Cox-proportional hazard
regression analysis were done to identify predictors of opportunistic infections.

Results: Of the total 354 peoples living with HIV, 114 (32.2%) developed OI, with an incidence rate of 13.5 per 100 person-year (95%
CI: 10.8-15.6). Advanced World Health Organization clinical disease stage (IV) (AHR: 2.1 (95% CI: 1.16, 3.8)), being bedridden (AHR:
1.66 (95% CI: 1.04, 2.65)), poor adherence (AHR: 1.7 (95% CI: 1.1-2.63), and low CD4 count (AHR: 1.92 95% CI: 1.14-3.22) were
significant predictors of Ols.

Conclusion: Opportunistic infection among HIV/AIDS continues to be a significant public health concern in Ethiopian health care
setting. Our results indicate that the incidence of OI is high. Besides, Stage IV HIV status, being bedridden, low CD4 count and poor
adherence independently predicts an increased incidence/decreased survival time of OlIs among PLWHIV. Early care-seeking and
initiation of HAART and continuous follow-up of patients to take their drug timely are essential to curb the incidence of opportunistic
infections and improve overall health. Further research on this area is highly recommended.
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Background
Opportunistic infections (OI) are diseases and cause infections in individuals with weakened immune systems, mainly in
people living with Human Immunodeficiency Virus (PLWHIV).' All people living with HIV are susceptible to develop

many forms of OI,* though the prevalence and incidence of HIV-associated OIs vary broadly.>
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Despite advances in HIV diagnosis and treatment, opportunistic infections (OI) remained a major cause for significant
morbidity and mortality among HIV/AIDS patients in low and middle income countries (LMIC).”® HIV weakens
immune system and causes the risk of developing opportunistic infections that could accelerate HIV progression and
transmission.”'® The occurrence of the most frequent OI differs between low-income and industrialized countries;
tuberculosis and recurrent bacterial infections are often observed in the former setting than in the latter.'"*'?

Studies from northern and northwestern part of Ethiopia indicate the most common Ols among PLWHIV are
oropharyngeal candidiasis and tuberculosis (Tb), respectively.'**'* PLWHIV are more at risk of contracting Ols depend-
ing on exposure to potential pathogens, the virulence of the pathogens, the degree of host immunity, and the use of
different antimicrobial prophylaxis to prevent OI."

Although OIs are major causes of morbidity and mortality among PLWHIV are OI,'° results related to these infections;
particularly in the study area, are scarce. When Ols are present in people living with HIV, It indicates that they are in the
severe phase of AIDS, and most of these infections often contribute to the death of infected individuals.'”'* More than 90%
of HIV/AIDS deaths are due to opportunistic infections and malignancies.'® The type of opportunistic infections which
affect people living with HIV/AIDS vary from region to region.*

The incidence of OI in Ethiopia is also rising at a high rate, shown by a study conducted in Mekelle, Ayder Hospital,
which reported 7.5 cases per 100 person-year of observations.'> In recent years, efforts have been made to integrate OI
diagnosis and treatment with HIV care to prevent, diagnose and treat Ol among PLWHIV. However, this also needs
a good understanding of the situation through research especially in the study area where OI incidence rate and related
factors are not fully studied yet. Hence, this study aimed to assess the incidence and predictors of O among PLWHIV
who attended ART care at Dessie Comprehensive Specialized Hospital.

Methods
Study Design, Area, and Period

A retrospective follow-up study was conducted at Dessie Comprehensive Specialized Hospital (DCSH) from January 1,
2015, to December 31, 2020. Dessie located about 400 km from Addis Ababa, the capital city of Ethiopia. The hospital
provides service for more than five million people of South Wollo and neighboring zones and regions. The hospital has
been providing ART follow-up care services since 2005. Currently, more than 10,000 patients are on active follow-up, of
who over 7832 started highly active antiretroviral treatment (HAART).

Study Participants

In this study, all patients living with HIV who had follow-up at the hospital and whose age is 15 years and above were
our source population. Besides, all patients living with HIV who were enrolled to treatment between January, 2015 and
December, 2016 were our study population.

All PLHIV, who has been receiving treatment in HIV clinic at the DCSH from January 2015 to December 2016, were
included and followed until December 2020. We excluded patients who already developed OI at the start of the study.
Similarly, records which had incomplete baseline information such as CD4 count, hemoglobin level, WHO clinical stage,
weight, unknown date of ART initiation time and OI diagnosis were excluded from the study.

Sampling Size Determination and Procedure

The required sample size (n = 362) was determined by survival analysis sample size estimation using STATA 16 in which
functional status, WHO clinical stage, and male considered as exposure variable. Statistical assumptions of 95%
confidence level, 80% power, and a Hazard ratio of 1.35 that would give maximum sample size taken from a previous
study?' was considered. The sampling frame was prepared based on the Participants medical registration number. Simple
random sampling was used to select samples from the prepared sampling frame. 362 samples were selected randomly by
lottery method among 832 ART users who started ART between January 1, 2015 and December 31, 2016. This period
was chosen to get a complete five-year follow-up study period and to have the advantage of standardized ART
documentation and reporting formats used during this period.
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Variables of the Study

In this study, the dependent variable was time to occurrence of opportunistic infections during the follow-up period. The

independent variables were Socio-demographic characteristics (ie, age, sex, residence, marital status, occupation);
Clinical and laboratory predictors (ie, WHO clinical stage, CD4 count, hemoglobin (hgb) level, underweight,

functional status,) and medication-related predictors (ie, past Ol prophylaxis, type of baseline ART regimen, ART

eligibility criteria, change in drug regimen, level of ART adherence, ever taking Isoniazid Preventive Therapy (IPT),

ART side effects, and ART treatment failure), Functional status of the patient, ie, working, ambulatory or bedridden.

Operational Definition of Variables
Event
Was labeled when HIV-infected adults developed any OI after ART initiation during the follow-up period.

The Incidence Rate of Ol

Was calculated by dividing all newly OI occurrences by the total follow-up time of patients in a year.

Opportunistic Infections (Ols)
Were recorded when any infections occur after initiation of HAART.

Survival
The person without occurrence of any OI during follow-up Time.

Censored
Was recorded when HIV-infected Adults quit or transferred out (whether dead or alive) to other health institutions or are
still on active ART follow-up but no evidence for any OI occurrence by the end of the study.

Level of ART Adherence

Good adherence: If PLHIV are adherent >85% (ie, the percentage of missed doses is <3 doses of 30 doses or <4 doses of
60 doses), as documented by ART health personnel. Poor adherence: If PLHIV are adherent <85% (ie, the percentage of
missed doses is >5 doses of 30 doses or >9 doses of 60 doses), as documented by ART health personnel. Time to develop
opportunistic infection: The time from adult ART initiation to the event (OI) of occurrence during the follow-up period.

Data Collection Procedures and Quality Assurance

The data extraction form was based on The Federal Ministry of Health’s HIV-care/ART follow-up and intake records
which are currently used in Ethiopian ART clinics. The data extraction form included the following variables: socio-
demographic characteristics, ART and other medication, clinical and laboratory-related information. Data was collected
over three weeks in April, 2021 by three BSc well prepared nurses in the ART clinic of DCSH. To ensure data quality,
a well-adapted data extraction form from a standardized ART intake and follow-up form was used, and data collectors
took one day training. All the filled variables were double-checked for completeness by taking some randomly selected
cards and the supervisor carefully monitored the entire data collection process. The predictor variables were recorded at
the baseline and occurrences of Ol were registered during follow up period based on the health professionals’ reporting
on the patient chart. Before data entry, data were checked for completeness and consistency.

Data Analysis
Epi-data Version 4.6.1 and STATA Version 16 were used for data entry and data analysis, respectively. Descriptive
statistics presented as percentage, mean, median and visualized using tables and charts. Kaplan—Meier method was used
to estimate the OI free survival time.

The total number of OI cases per 100 person-year observations calculated and labeled as incidence rate. In addition,
a generalized Log rank test was used to compare the OI free survival time between different categorical predictor
variables. Multi-collinearity test was used to check if there was associations among predictor variables (all values of
VIF<3). The cox proportional hazard regression model assumptions were checked using the Schoenfeld residuals test
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(global test = 0.2). Cox-Snell residual test was used to observe the goodness of fit. A bi-variable Cox-proportional hazard
regression model was used to select variables that would be considered for the final model. In the bi-variable analysis,
Variables having a p-value of <0.25 were fitted into the multivariable Cox-proportional hazard regression model.

Finally, the presence of a significant association between the predictor and outcome variables was reported by
adjusted hazard ratio with its corresponding 95% confidence interval.

Ethical Considerations

Ethical clearance was obtained from Wollo University, College of Medicine and Health Science ethical review board.
Additionally, Letter of permission was obtained from the medical director of Dessie Comprehensive Specialized
Hospital. Appropriate measures were taken to ensure confidentiality of the data. Furthermore, this study was conducted
according to the principles of Declaration of Helsinki.

Results

Socio-Demographic Characteristics

A total of 362 medical records of Adults on ART from January 2015 to December 2020 were reviewed, and from this,
354 (97.7%) complete records of adults analyzed in the study (Figure 1). The mean age was 32.83 (+ 10.8 SD) years, and
71.5% of the study participants were female. More than half (n = 236, 66.7%) were unemployed. The majority of
participants (90.7%) were urban residents. A total of 267 (75.4%) patients disclosed their HIV status. (Table 1)

Clinical, Laboratory, and Medication-Related Characteristics

Describing on functional status, half (50.3%) of study participants were classified as working functional status. The
mean baseline CD4 cell count was 342.04 cell/mm3 (SD: £ 192.7 cell /mm3). Clinically, one-third (34%) of the study
participants were classified as WHO clinical stage II. Besides, 87.3% of study participants had 10 g/dl and above
hemoglobin level. At baseline, one-third (32.5%) of the participants were undernourished (BMI < 18.5). Patients were
taking a standardized three-drug ART regimen. These three drug regimens used in different combinations were
tenofovir (TDF), lamivudine (3TC), nevirapine (NVP), zidovudine (AZT), and efavirenz (EFV). We found that the

362 samples were reviewed after selected January 2015 to December 2016
by simple random sampling

354 PLWHIV charts were eligible 8 subjects with incomplete data (unknown
for final analysis date of ART initiation and OI diagnosis, and
who already have OI were excluded

Follow-up period until December, 2020

114(32.2%) PLWHIV developed 240 PLWHIV were considered as censored
OI by the end of December, 2020 Death ((21), loss to follow-up (38), and
event free (181)) by the end of the study

Figure | Flowchart of PLWHIV on treatment at Dessie comprehensive specialized hospital, Northeast Ethiopia, 2015 to 2020.
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Table | Socio-Demographic Characteristics of PLHIV on HIV Care at Dessie
Comprehensive Specialized Hospital, January 2015 to December 2020

Characteristics Frequency (n=354) Percent (%)
Age

15-24 8l 229

25-34 13 31.9

3544 108 30.5

245 52 14.7
Sex

Male 101 28.5

Female 253 71.5
Marital status

Single 94 26.6

Married 180 50.8

Divorced 43 12.1

Widowed 37 10.5
Occupation

Employed 118 333

Unemployed 236 66.7
Address

Urban 321 90.7

Rural 33 9.3

commonly taken regimen combinations by patients living with HIV were: TDF+3TC + EFV (68.4%), TDF+3TC +
NVP (15%), AZT+3TC + NVP (11.6%), and Others (5.1%). Majority (84.5%) of the participants had a history of
good adherence. Moreover, 79.7% of participants used CPT, but, below half (45.8%), received IPT. (Table 2)

Incidence of Opportunistic Infections During Follow-Up

In this study, 354 study participants were followed for a different period, resulting a total of 10,130 months or 844.16
years of observation with a median individual follow-up of 32 months (range: 1-60). During the follow-up period, 114
(32.2%) of the study participants experienced OI with an overall incidence rate of Ols 13.5 (95% CI: 10.8-15.6) per
100 person-year of observation. Among all types of OI occurring during the follow-up time, TB (37.7%) was the most
common, followed by bacterial pneumonia (14.9%) and oral candidiasis (14%). (Figure 2) The highest Incidence of OI
was observed during the first year of enrolment (8.3 cases per 100 person-years) and then dropped into 1.3 cases per
100 person-years in the second year of follow-up.

Opportunistic Infections Free Survival Time of Predictor Variable

The result of this study showed the Ol-free survival time of patients classified as bedridden functional status was less
when compared to patients classified as working active status. (Figure 3) Additionally, adult patients with poor ART drug
adherence had less Ol free survival time than patients with good ART drug adherence. (Figure 4)

Predictors of Ol Among Patients Living with HIV on ART

Residency, functional status, disclosure status, WHO clinical stage, drug adherence, taking CPT, BMI, hemoglobin level,
and CD4 count were variables for multivariable analysis. Of these: functional status, WHO clinical staging, CD4 counts,
and ART drug adherence were found to be significant predictors of OI. In this study, the hazard of developing OI among
PLWHIV classified as bedridden at baseline was 1.6 times (AHR: 1.6, 95% CI: 1.04, 2.65) higher than those classified as
working functional status. Similarly, the hazard of developing OI among PLWHIV classified as WHO clinical stage IV at
baseline was 2.1 times (AHR: 2.1, 95% CI: 1.16, 3.8) higher than those classified as WHO Stages 1.
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Table 2 Clinical, Laboratory, ART, and Other Medication-Related Information of
HIV Patients on HIV Care at Dessie Comprehensive Specialized Hospital,
Northeast, Ethiopia

Characteristics Frequency (n=354) Percent (%)
Disclosure status

Disclosed 267 754

Not disclosed 47 13.3

Not recorded 40 1.3
WHO clinical stage

Stage | 96 27.1

Stage |l 120 339

Stage Il 74 20.9

Stage IV 64 18.1
CD4 Count

<200 115 325

201-350 121 342

2351 118 333
Functional Status

Working 178 50.3

Ambulatory 94 26.6

Bedridden 82 23.2
Hemoglobin level

<10g/dl 45 12.7

=10 309 87.3
BMI

Underweight 115 325

Not underweight 239 67.5
Baseline ART regimen

lc = ZDV-3TC- NVP 41 1.6

le = TDF-3TC-EFV 242 68.4

If = TDF-3TF-NVP 53 15

Other 18 5.1

On top of that, the hazard of developing OI among PLWHIV who had poor adherence was 1.7 times (AHR: 1.7, 95%
CI: 1.1, 2.63) higher than those classified as having good adherence. Kaplan—Meier analysis for specific Ol in different
categories of adherence level showed no crossing of lines between the poor and good adherence level.

Moreover, the hazard of developing OI among HIV- positive patients who had low CD4 count at baseline was 1.92
times (AHR: 1.92, 95% CI: 1.14, 3.22) times higher than those categorized as CD4 count of >351 cells. The goodness of
fit for the model is illustrated using a Cox-Snell residual test. (Figure 5)

Discussion

This facility-based retrospective follow-up study was aimed to determine the incidence of OI among patients
living with HIV on ART at Dessie Comprehensive Specialized Hospital. In this study, almost one third (32.2%) of
the study participants experienced OI, which results an overall incidence rate of OI 13.5 per 100 person-year of
observation.

This finding is higher than the previous Ethiopian study conducted in Ayder Referral Hospital (7.5 cases/100 person-
years)."> This higher figure might be attributed to significant number of patients followed in this study had poor ART
drug adherence and were at advanced stages of HIV/AIDS which could probably elevate the incidence. In addition,
sample size variations between the two studies could contribute for this difference.
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Incidence of common opportunistic infections
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Figure 2 Incidence of common opportunistic infection among PLWHIV at Dessie Comprehensive Specialized Hospital, 2021 (n=354).

In this study, the incidence of OI in patients with HIV is quite lower than a study conducted in India, Pune, which is
35 per 100 people-year of follow up.?* This difference might be the retrospective nature of the data in this study, but in
the Indian study, a prospective cohort study. The incidence of OI in this study was comparable to the study conducted in
Senegal.”® However, the incidence of OI found by this study is higher than the study conducted in Brazil (2.63 per
100 person-years)** in the United States and Canada (2.3 cases per 100 person-years).>> This could be due to variations
in follow-up periods, used outcome variable criteria, and study population, including adults and children. Moreover, this
difference might be due to developed countries and middle-income countries provide better healthcare service to prevent
the occurrence of Ols than countries with resource-limited settings like Ethiopia.

According to this study, the most common type of Ols occurred after initiation of HAART is tuberculosis,
37.7%. This result is in line with a study conducted in Mekelle Ayder referral hospital, which reported
tuberculosis (32.3%) as the highest proportion among the other OIs.'> The reason for higher number of
tuberculosis in our study could be due to only 45.8% of PLWHIV took IPT. Lower IPT intake is associated
with increased incidence of tuberculosis.”® After analysis have been done, predictors significantly associated with
Ol-free survival time were bed redden functional status, advanced WHO clinical stage IV, low CD4 count at
baseline, and poor drug adherence (Table 3).

In this study, patients with poor adherence had a significantly higher risk of experiencing OI than their counterparts
(AHR was 1.8). This finding is in agreement with results from other studies conducted in Arbaminch hospital.?” The
study methods used in our study were similar to those of the study from Arbaminch Hospital, except that the survey from
Arbaminch Hospital considered patients taking Cotrimoxazole preventive therapy. Poor adherence results in decline of
CD4 count which is directly related to development of OIs.?®

In this study, patients categorized into to baseline CD4 count (CD4 count < 200 cell/mm3) had a significant
association with the development of OI, which is consistent with studies conducted in India,*? England.29 A 10-year
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Kaplan-Meier survival curves to compare the Ols-free survival time by functional status
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Figure 3 Kaplan—Meier survival curves to compare the Ols-free survival time of PLWHIV on ART with different categories of functional status at Dessie Comprehensive
Specialized Hospital from January 2015 to December 2020.

Kaplan-Meier survival curves to compare the Ols-free survival time by ART drug adherence
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Figure 4 Kaplan—Meier curves of Ol-free survival proportion based on adherence to ART drugs at Dessie Comprehensive Specialized Hospital from January 2015 to
December 2020.

retrospective study in Uganda®® also supported this finding. Opportunistic infections did occur more frequently in

PLWHIV with lower CD4 count (< 200 cell/mm3). The result of association between CD4 count and incident Ols

confirms the known biological relationship between low CD4 count and OIs.*!
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Figure 5 The goodness of fit test for the Cox-proportional hazard regression model.

In our study, the advanced WHO clinical disease stage (IV) is a crucial predictor of OI among HIV-positive adults on
ART. This finding is consistent with studies previously conducted in different regions of Ethiopia®’*? and South Africa.*
As WHO clinical disease staging becomes more advanced, the risk of developing OI and re occurrence significantly

increase.** Patients at stage (IV) HIV/AIDS are worse in terms of immune system>>=°

and at higher risk of mortality and
morbidity due to various types of Ols, especially tuberculosis, bacterial and fungal infections.’” The most severe and life-
threatening Ol become more apparent at stage IV HIV/AIDS in peoples living with HIV/AIDS. Therefore, early
screening and ART initiation immediately after clients know their status will significantly improve ART drug adherence
and reduce HIV related sufferings from advanced stages of diseases and opportunistic infections in peoples living with
HIV. Being bedridden functional status are more likely to develop OIs because patients become bedridden due to
advanced disease stage and severe immune-compromised stage of HIV, this finding, bedridden patients had 17% more
chance of being affected by OIs (AHR: 1.707) which is in line with a study conducted in Debre Markos referral

hospital.>® But the Debre Markos hospital study was only operated on the incidence of TB in HIV patients.

Limitation of the Study

Since the nature of the data collection was retrospective, the study relied on the available information for the number and
types of diseases reported during follow-up. Therefore some data might be missed. Some of the diagnoses were not
clinical as there was limited capacity to make definitive diagnoses.

Conclusion

The incidence rate of Ol among HIV-positive people treated at Dessie Comprehensive Specialized Hospital ART clinic is
high. More importantly, baseline bedridden functional status, poor patient adherence to ART drugs, advanced stages of
diseases (WHO stage 1V), and CD4 count less than < 200 cell/mm3 independently predicts an increased incidence/
decreased survival time of OIs among PLWHIV. Early care-seeking and initiation of HAART and continuous follow-up
of patients to take their drug timely are essential to curb the incidence of opportunistic infections and improve overall
health. Further research should be done using a prospective design to explore additional factor contributing to the high
incidence rate of Ols.
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Table 3 The Bi-Variable and Multivariable Cox-Regression Analysis of the Predictors of Ol Among Adult HIV
Patients on ART at Dessie Comprehensive Specialized Hospital, Northeast Ethiopia from January 2015 to

December 2020 (n = 354)

Variable Survival Status CHR (95% CI) AHR (95% CI)
Event Censored
Residency
Urban 107 214 1.7(0.79-3.66) 1.3(0.60-2.92)
Rural 7 26 | |
Disclosure status
Not disclosed 21 26 | |
Disclosed 83 184 0.63(0.39-1.03) 0.69(0.42—1.14)
Not recorded 10 30 0.5(0.235-1.06) 0.72(0.33-1.58)
Functional status
Working 43 135 | |
Ambulatory 30 64 1.46(0.91-2.33) 1.25(0.74-2.09)
Bedridden 41 41 2.36(1.54-3.62) 1.66(1.04-2.65)*
Adherence
Poor 30 25 2.05(1.35-3.11) 1.7(1.1-2.63)*
Good 84 215 | |
WHO clinical stage
Stage | 21 75 | |
Stage Il 29 91 1.12(0.64-1.98) 1.1(0.62-2.63)
Stage Il 28 46 1.9(1.07-3.34) 1.66(0.92-2.97)
Stage IV 36 28 3.12(1.82-5.35) 2.1(1.16-3.8)*
CD4 cell count
<200 56 59 2.6(1.62—4.16) 1.92(1.14-3.22)*
201-350 33 88 1.22(0.73-2.06) 1.08(0.63—1.84)
2351 25 93 I |
Hemoglobin 114 240 0.94(0.86—1.03) 0.93(0.84-1.02)
BMI
<185 44 71 1.44(0.98-2.1) 1.4(0.92-2.13)
=18.5 70 169 | |
CPT
Yes 98 184 | |
No 16 56 0.6(0.35-1.01) 0.64(0.37-1.10)

Notes: *Indicates significance which have P-value <0.05 in multivariable cox proportional hazard model.

Abbreviations: BMI, body mass index; CPT, cotrimoxazole preventive therapy.

Abbreviations

AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; CPT, cotrimoxazole preventive therapy;
DCSH, Dessie Comprehensive Specialized Hospital; HAART, highly active antiretroviral therapy HIV, human immuno
virus; IPT, isoniazid preventive therapy; Ols, opportunistic infections; PLWHIV, persons living with human immuno
virus; PCP, pneumocystis pneumonia; TB, tuberculosis; WHO, World Health Organization.
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