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Abstract

Introduction: Retention in HIV care prior to ART initiation is generally felt to be suboptimal, but has not been well-

characterized.

Methods: We examined data on 37,352 adult pre-ART patients (ART ineligible or unknown eligibility) who enrolled in care during

2005�2008 with �1 clinical visit at 23 clinics in Mozambique. We defined loss to clinic (LTC) as �12 months since the last visit

among those not known to have died/transferred. Cox proportional-hazards models were used to examine factors associated

with LTC, accounting for clustering within sites.

Results: Of 37,352 pre-ART patients, 61% had a CD4 count within three months of enrolment (median CD4: 452, IQR: 345�611).
17,598 (47.1%) were ART ineligible and 19,754 (52.9%) were of unknown eligibility status at enrolment because of missing

information on CD4 count and/or WHO stage. Kaplan-Meier estimates for LTC at 12 months were 41% (95% CI: 40.2�41.8) and
48% (95% CI: 47.2�48.8), respectively. Factors associated with LTC among ART ineligible patients included male sex

(AHRmen_vs_non-pregnant women: 1.5; 95% CI: 1.4�1.6) and being pregnant at enrolment (AHRpregnant_vs_non-pregnant women: 1.3;

95% CI: 1.1�1.5). Older age, more education, higher weight and more advanced WHO stage at enrolment were independently

associated with lower risks of LTC. Similar findings were observed among patients whose ART eligibility status was unknown at

enrolment.

Conclusions: Substantial LTC occurred prior to ART initiation among patients not yet known to be eligible for ART, including

nearly half of patients without documented ART eligibility assessment. Interventions are needed to target pre-ART patients who

may be at higher risk for LTC, including pregnant women and patients with less advanced HIV disease.
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Introduction
While the rapid expansion of access to antiretroviral therapy

(ART) to nearly 4 million patients in sub-Saharan Africa has

been a major accomplishment of HIV care and treatment

programs [1], loss to clinic (LTC) of patients enrolled in HIV

care is a persistent challenge [2]. Prior studies attribute large

numbers of LTC of ART patients to early mortality [3�7], but
patients who are not yet eligible for ART are less likely to

have died [8]. However, they remain at risk of late ART

initiation [9,10] and, consequently, increased risk of early

mortality after starting ART [11�16]. Furthermore, pre-ART

patients who are neither engaged in care nor on ART are

more likely to transmit HIV to sex partners than those who

engage in care and initiate early ART [17].

Growing recognition of the benefits of timely treatment

and the consequences of losing pre-ART eligible patients is

leading to increased awareness of the importance of regular

CD4 and clinical monitoring before treatment eligibility

[18,19]. The limited data available suggest that the losses

of pre-ART eligible patients are significant [8,12]. A systema-

tic literature review of patient retention in sub-Saharan

Africa estimated that fewer than one-third of patients remain

Meeting at which data was partially presented:

6th International AIDS Society Conference on HIV Pathogenesis, Treatment and Prevention (IAS 2011), Rome, Italy, July 17�20, 2011. Abstract reference number

A-361-0207-00823.

Supported by The President’s Emergency Plan for AIDS Relief; the US Centers for Disease Control and Prevention; and the Doris Duke Charitable Foundation and

Operations Research on AIDS Care and Treatment in Africa (ORACTA) program.

Pati R et al. Journal of the International AIDS Society 2013, 16:18490

http://www.jiasociety.org/index.php/jias/article/view/18490 | http://dx.doi.org/10.7448/IAS.16.1.18490

1

http://www.jiasociety.org/index.php/jias/article/view/18490
http://dx.doi.org/10.7448/IAS.16.1.18490


continuously in care between testing HIV-positive and start-

ing ART; specifically, a median of 45% (range 5�58%) of

patients were lost to care after enrolment. However, the

quality and heterogeneity of the studies limit the interpreta-

tion of these results [20].

With 11.5% of adults 15�49 years old living with HIV in

2009, Mozambique has one of the highest HIV seropreva-

lence rates in sub-Saharan Africa and has rapidly scaled up

HIV testing and ART availability in recent years [21]. We used

routine data from 23 clinics from the national program to

determine the proportion of ART-ineligible patients who

were LTC. We also examined LTC among patients without

documentation of ART eligibility because they make up a

substantial portion of the patient population and they may

have been deemed to be ART ineligible on initial clinical

assessment without confirmation by CD4 count or WHO

stage. We identified factors associated with LTC and des-

cribed outcomes for patients who were not LTC.

Methods
Ethics statement

The study utilized data that are routinely collected by sites

for service delivery and anonymized for analysis. This study

is part of the Identifying Optimal Models of HIV Care and

Treatment in Mozambique Collaboration, which was ap-

proved by the Mozambican National Ethics Committee, the

Columbia University Medical Center IRB, the US Centers for

Disease Control and Prevention, and PEPFAR’s Office of the

Global AIDS Coordinator.

Study design and study population

We used routinely collected service delivery data on HIV-

infected adult patients (]15 years old) enrolled at 23 free

HIV care and treatment clinics across Mozambique that were

part of the Mozambican National ART Program that were

receiving PEPFAR support via the ICAP-Columbia University.

We conducted a retrospective cohort study of adults enrolled

in care between January 2005 and December 2008. We

reviewed patient outcomes through December 2009, allow-

ing for at least one year of follow-up for all patients.

Patients were included in the study if they were not on

ART or not known to be eligible for ART at enrolment. ART

eligibility throughout the study period was defined as:

1) WHO stage IV disease, 2) WHO stage III and CD4 count

B350 cell/mL, or 3) CD4 count B200 cells/mL irrespective of

WHO stage. For baseline patient characteristics (i.e. weight,

CD4 count, WHO stage), we used any documented measure

obtained within three months of enrolment.

We divided the study population into two groups: 1) ART

ineligible and 2) ART eligibility unknown if either CD4

count or WHO stage were missing within three months of

enrolment. We analyzed data from patients who were ART

ineligible or eligibility was unknown and who returned for at

least one follow-up visit. We excluded those who presented

for only one visit because patients are not considered

enrolled into care until a physician has reviewed their file,

which often did not occur until a second follow-up visit. We

also excluded those who were known to have transferred

care to another facility and those who were documented as

dead after one visit.

Data and measures

National guidelines during the study period recommended

that HIV patients undergo a comprehensive medical history

assessment with a physical examination at their first clinic

visit. Due to high demands on CD4 machines and lack of

sample storage (cold chain) at many clinics, patients were

scheduled to return to clinic on a subsequent day to have a

CD4 count drawn to assess ART eligibility when specimens

could be processed on the same day. For patients not ART

eligible, the guidelines specified semi-annual visits with

clinical and CD4 count monitoring for ART eligibility.

Patient information collected during each visit was docu-

mented on national patient forms that were entered daily

by trained data clerks into a Microsoft Access electronic

database that was developed by ICAP-Mozambique and

deployed at all 23 sites. Each clinic contributed patient-level

data for the entire study period. Data quality assessments

(reviewing completeness and accuracy of the data) were

performed every six months, with feedback to clinic staff on

areas needing improvement.

LTC was defined as having occurred in a patient when 12

or more months elapsed since the last documented clinic

visit. Patients were censored from the analysis if they started

ART or met eligibility criteria for starting ART. Those known

to have died or transferred to another facility were also

censored.

The LTC event date for a lost patient was defined as 90

days after the last documented visit date. We calculated the

number of days in care before LTC (time to LTC) as the

difference between enrolment and the LTC event dates.

Statistical analysis

We compared characteristics of patients who were ART in-

eligible with those whose ART eligibility status was unknown

at enrolment, using the Chi-square test for categorical data

and student t-test for continuous variables. We used Kaplan-

Meier estimates to compute the proportion LTC at 6 and 12

months after enrolment. We used Cox proportional-hazards

models, accounting for clustering at site level, to identify

factors associated with LTC separately for the ART ineligible

and ART eligibility unknown populations in bivariate and

multivariate analyses.

Sex, age, marital status, number of children, socio-

economic status, education, weight, CD4 count and WHO

stage at enrolment were examined in the univariate models.

We created a scale of socio-economic status (zero to two

points), assigning one point each for having electricity and

refrigeration. Models were adjusted for year of enrolment;

missing data for each factor was modelled as a separate

category. All variables from the univariate models were

included in the final multivariable model. Associations were

examined at a pB0.05 significance level (2-sided test).

Multiple imputations with sensitivity analyses were con-

ducted to assess the potential impact of missing data.

Data were analyzed using SAS software 9.2 (SAS Institute,

Cary, NC).

Pati R et al. Journal of the International AIDS Society 2013, 16:18490

http://www.jiasociety.org/index.php/jias/article/view/18490 | http://dx.doi.org/10.7448/IAS.16.1.18490

2

http://www.jiasociety.org/index.php/jias/article/view/18490
http://dx.doi.org/10.7448/IAS.16.1.18490


Results
Study population

Overall, 57,880 pre-ART patients not yet known to be

clinically eligible for ART enrolled in HIV care at 23 clinics

between January 1, 2005 and December 31, 2008. The

population was divided into ART ineligible (17,775; 30.7%)

and ART eligibility unknown (40,105; 69.3%). More than one-

third of the population (19,954) had no follow-up after the

first clinic visit and was excluded from further analysis.

The final study population was 37,352 pre-ART patients

(17,598 ART ineligible and 19,754 eligibility unknown). Table 1

shows that the study population was 70.7% women and

had a median age of 31.0 years. Approximately 8.5% of ART

ineligible women and 7.0% of women with unknown ART

eligibility were pregnant at enrolment. More than half of

ART ineligible patients (54%) were married or in union and

had completed primary school. Nearly three-quarters of the

study population was documented as living without electricity

or a freezer.

Between 2005 and 2006, the proportion of ART ineligible

patients that enrolled in care increased from 25.4% (1484

of the 5850) to 52.3% (4709 of 9000) of pre-ART patients

(ART ineligible or eligibility unknown); the proportion of ART

ineligible patient enrolment stabilized in 2007 and 2008 at

just over 50%. The enrolment of patients whose ART

eligibility status was unknown was 74.6% (4366) of pre-ART

patient enrolment in 2005 and 49.2% (5559) in 2008. The

largest proportion of patients was referred into care from

VCT; significant proportions were also referred from ‘‘other

testing facilities’’ and PMTCT. Of note, point of entry data was

missing for a high proportion of ART eligibility unknown

patients (along with marital status, education and weight).

Within three months of enrolment, 61% of pre-ART

patients had a CD4 count measurement with a median of

452 cells/mL (IQR: 345�611 cells/mL). Of those who were

ART ineligible (N �17,598), 12,992 (73.8%) remained ART

ineligible for the duration of follow-up (median follow-up

time �213 days; IQR 113�472 days). The remainder of the

ART ineligible patients either met criteria for ART eligibility

(4.6%) or started ART (21.6%).

Of those whose ART eligibility status was unknown at

enrolment (N�19,754), 2756 (14.0%) were eventually

staged as ART ineligible and 1,169 (5.9%) were staged as

ART eligible but not started on ART at a median of 207 days

and 235 days after enrolment, respectively. An additional

4,711 (23.8%) were started on ART. The majority, 11,118

(56.3%), neither completed eligibility assessment nor started

ART at the clinic where they initially enrolled before the end

of observation in 2009.

Loss to clinic of ART ineligible patients and patients with

unknown ART eligibility

Nearly half of the study population (17,722; 47.4%) was

LTC during the observation period. Of the 12,992 patients

who remained ART ineligible, 7633 (58.8%) were LTC while

4,593 (35.4%) remained in care during the study period. On

average, patients who were ART ineligible at enrolment

had three clinic visits during the study follow-up period. The

Kaplan-Meier estimate of LTC at 12 months for ART ineligible

patients was 41% (95% CI: 40.2�41.8%) and those lost were

LTC at a median 137 days after enrolment. The median CD4

count last documented for LTC patients was 482 cells/mL
[IQR: 368�648]. The distribution of last known WHO stages

among LTC patients was 47% stage I, 28% stage II and 25%

stage III.

Patients whose ART eligibility status was unknown at

enrolment and were LTC were lost at a median 124 days after

enrolment. Most of those who were LTC were lost after a

second clinic visit (81.6%). The Kaplan-Meier estimate of LTC

of patients whose ART eligibility status was unknown at

enrolment was 48% (95% CI: 47.2�48.8%) at 12 months after

enrolment. Of those who had a CD4 count before LTC

(24.1%), the median CD4 count was 447 cells/mL [IQR: 329�
621]. The last documented WHO stages before LTC showed a

distribution of 34% stage I, 26% stage II and 40% stage III.

Among those patients who were known to be ART

ineligible at enrolment, the proportion of patients that

remained in care at the clinic through ART initiation during

the four years of observation was 21.6%; an additional 30.7%

were alive and in care at the clinic, but had not initiated ART

by the end of the study period. The median CD4 count at ART

initiation was 226 cells/mL (IQR: 176�311). Of those whose

ART eligibility status was unknown at enrolment, 23.9%

eventually started ART, with a median CD4 count at ART

initiation of 196 cells/mL (IQR: 125�277).

Factors associated with loss to clinic

Table 2 shows the results of crude and multivariable Cox

proportional hazards models with LTC as the outcome.

Among the ART ineligible patients, male sex was associated

with a significantly higher risk of LTC (adjusted hazards ratio

[AHR]men_vs_non-pregnant women: 1.48; 95% CI: 1.39�1.57).
Among women, being pregnant at enrolment was associated

with a higher risk of LTC (AHRpregnant_vs_non-pregnant women:

1.26; 95% CI: 1.08�1.46). Compared to the youngest age

group of 15�25 year olds, older age was associated with a

lower likelihood of LTC (AHR: 0.55; 95% CI: 0.48�0.64 for

�45 years). More education (AHRprimary_vs_none: 0.75; 95%

CI: 0.61�0.92) and higher weight (AHR�56 kg_vs556 kg: 0.86;

95% CI: 0.80�0.93) were also associated with lower risks of

LTC. Compared to WHO stage I, more advanced stages of

clinical disease were associated with lower hazards of LTC

(AHR: 0.85; 95% CI: 0.77�0.95 for WHO stage II).

Similar findings were observed among patients whose ART

eligibility status was unknown at enrolment (Table 2). Male

sex was associated with a higher risk of LTC (AHRmen_vs_non-

pregnant women: 1.42; 95% CI: 1.33�1.51). Pregnancy was again
associated with a higher risk of LTC, though at a borderline

significant level (AHRpregnant_vs_non-pregnant women: 1.19; 95%

CI: 1.00�1.43). Older age, higher education levels and more

children were associated with lower risks of LTC. Higher

weight (AHR� 56 kg_vs_556 kg: 0.81; 95% CI: 0.76�0.86) was
also associated with a significantly lower risk of LTC. Access

to both a freezer and electricity were associated with a

significantly lower risk of LTC (AHRboth_vs_none: 0.89; 95% CI:

0.82�0.98).
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Table 1. Baseline characteristics of pre-ART adults enrolled in care with at least one follow-up visit

Total Pre-ART ART ineligible ART eligibility unknown

N�37,352 N�17,598 N�19,754

n Percentage n Percentage n Percentage

Sex

Male 10,946 29.3 5,084 28.9 5862 29.7

Female (not pregnant at enrolment) 23,526 63.0 11,013 62.6 12,513 63.3

Female (pregnant at enrolment) 2880 7.7 1501 8.5 1379 7.0

Age, mean in years (median, IQR) 33.3 31 (25�40) 33.2 31 (25�40) 33.4 31 (25�40)
Age, intervals

15�25 9806 26.3 4666 26.5 5140 26.0

26�35 14,147 37.9 6659 37.8 7488 37.9

36�45 8215 22.0 3873 22.0 4342 22.0

46�55 3800 10.2 1761 10.0 2039 10.3

�55 1384 3.7 639 3.6 745 3.8

Marital status

Married/in union 18,523 49.6 9550 54.3 8973 45.4

Single 11,143 29.8 5212 29.6 5931 30.0

Widowed 2544 6.8 1276 7.3 1268 6.4

Missing/other 5142 13.8 1560 8.9 3582 18.1

Number of children, mean (median, IQR) 2.1 2 (0�3) 2.3 2 (0�3) 2.0 1 (0�3)

n�1 child 25,725 68.9 12,954 73.6 12,771 64.7

Education

None or did not finish primary school 2218 5.9 1286 7.3 932 4.7

Primary school 19,754 52.9 9495 54.0 10,250 51.9

Secondary school or higher 7631 20.4 4069 23.1 3562 18.0

Missing 7758 20.8 2748 15.6 5010 25.4

SES

Lower (no electricity) 27,889 74.7 12,157 69.1 15,732 79.6

Low (electricity only) 3598 9.6 2148 12.2 1450 7.3

Higher (electricity and freezer) 5861 15.7 3291 18.7 2570 13.0

Missing 4 0.0 2 0 2 �

Year of enrolment

2005 5850 15.7 1484 8.4 4366 22.1

2006 9000 24.1 4709 26.8 4291 21.7

2007 11,213 30.0 5675 32.3 5538 28.0

2008 11,289 30.2 5730 32.6 5559 28.1

Point of entry

VCT 14,382 38.5 7897 44.9 6485 32.8

PMTCT 3115 8.3 1490 8.5 1625 8.2

TB/HIV 232 0.6 101 0.6 131 0.7

Inpatient 2184 5.9 1015 5.8 1169 5.9

Outpatient 3006 8.1 1721 9.8 1285 6.5

Other 2541 6.8 771 4.4 1770 9.0

Missing/unknown 4240 11.4 1132 6.4 3108 15.7

Referral from another testing facility 7652 20.5 3471 19.7 4181 21.2

Weight at enrolment (in Kg)*

Mean (median, IQR) 56.7 55.5 (50�62) 57.4 56 (50�63) 55.7 55 (49�61)
Missing weight 11,532 30.9 2784 15.8 8748 44.3

WHO stage at enrolment*

Stage I 10,871 29.1 7636 43.4 3253 16.4

Stage II 7883 21.1 5232 29.7 2651 13.4
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CD4 counts at enrolment were not significantly associated

with LTC for either group of patients. Missing CD4 count at

enrolment was associated with a lower risk of LTC among

those for whom ART eligibility was unknown. Results of

multiple imputation of missing CD4 values were highly

consistent in terms of the direction and magnitude of

association; p-values in sensitivity analyses were not mean-

ingfully different from those presented in Table 2.

Subanalyses of pregnant women

There were 2880 women who were documented as being

pregnant that enrolled in pre-ART care between January

2005 and December 2008. Figure 1 shows that pregnant

women were more likely to be LTC than men and non-

pregnant women. Approximately 57% of all pre-ART preg-

nant women were LTC at a median of 120 days after

enrolment. On average, pregnant women were LTC sooner

than other women and men; LTC appears to peak in the peri-

partum period (n�1442; median time of LTC: 42 weeks

since last menstrual period [LMP]; IQR: 36�51 weeks since

LMP).

ART eligibility staging and loss to clinic by site

At any of the 23 sites, the proportion of pre-ART patients

whose ART eligibility was documented within three months

of enrolment ranged from 7.1 to 78.6%. The proportion of

pre-ART patients who were LTC during the study period

ranged from 29.5 to 73.7%. The number of pre-ART patients

who enrolled in HIV care between January 2005 and

December 2008 at each site (clinic patient load) did not

correlate with the proportion of patients assessed for ART

eligibility or the proportion LTC from each site.

Discussion
Our results document the high magnitude of LTC prior to ART

eligibility and initiation across several sites and settings in

Mozambique, with a 12-month LTC proportion of 41�48%
among those with �1 clinical care visit. The proportion of

37,352 patients who were not yet known to be eligible for

ART at enrolment and continued in care until ART initiation

during the study period is 23%, with an additional 25%

remaining in care at the site where they initially enrolled until

the end of follow-up. The large portion of patients who were

lost after just one clinic visit (19,783, or 34.5% of 57,880 pre-

ART patients) further magnifies the problem of pre-ART

attrition. These findings are relatively consistent with a

recent systematic literature review that estimated fewer

than one third of ART ineligible patients remain in contin-

uous care until ART initiation [20].

This study adds to the evidence that expansion of HIV

testing and counselling does not necessarily translate into

timely care engagement and CD4 testing [9,22�24]. Our

study showed that 39% of patients not yet known to be ART

eligible did not have a documented CD4 count within three

months of their first visit. Providers’ perceptions of these

patients as healthy as well as the lack of access to immediate

CD4 testing may have led them to consider these patients

as ART ineligible without checking CD4 counts or formally

documenting disease stage, despite recommendations to do

both.

The use of point-of-care CD4 count technology at the

first visit may be one strategy for more rapid eligibility

assessment [25] and may help reduce the substantial loss of

patients we have seen after the first clinic visit. The

opportunity for patients to provide a sample and receive a

test result at the first visit might engage them in care by

raising their HIV-related health literacy and awareness before

logistical barriers such as lack of transportation, absence

from work and fear of stigma compete with their need and

desire to receive ongoing care [26�30]. Researchers should

continue to evaluate point-of-care testing as a strategy to

improve patient retention in pre-ART care [31�34].

Table 1 (Continued )

Total Pre-ART ART ineligible ART eligibility unknown

N�37,352 N�17,598 N�19,754

n Percentage n Percentage n Percentage

Stage III 9495 25.4 4730 26.9 4765 24.1

Stage IV * * * * * *

Missing baseline WHO stage 9,103 24.4 * * 9103 46.1

CD4 count at enrolment*

5200 * * * * * *

�200 and5275 2852 7.6 1943 11.0 909 4.6

�275 and5350 3090 8.3 2150 12.2 940 4.8

�350 and5500 7633 20.4 6146 34.9 1487 7.5

�500 9248 24.8 7359 41.8 1889 9.6

Missing baseline CD4 count 14,529 38.9 * * 14,529 73.6

Mean (median, IQR) 502.7 452 (345�611) 510.4 461 (357�619) 476.9 422 (306�588)

*Documented within three months of first clinic visit. The ART ineligible and ART eligibility unknown populations are significantly different

(pB0.0001) for all characteristics except median age (p�0.05) and age intervals (p�0.68).
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Table 2. Multivariable analysis of factors associated with LTC for ART ineligible population

ART ineligible (N�17,598) ART eligibility unknown (N�19,754)

Variable* Crude HR 95% CI AHR 95% CI Crude HR 95% CI AHR 95% CI

Sex

Non-pregnant female 1 1 1 1

Male (male vs. non-pregnant female) 1.25 1.17�1.33 1.48 1.39�1.57 1.24 1.18�1.30 1.42 1.33�1.51

Pregnancy (pregnant vs. non-pregnant

female)

1.58 1.35�1.84 1.26 1.08�1.46 1.56 1.22�2.00 1.19 1.00�1.43

Age

15�25 1 1 1 1

26�35 0.73 0.67�0.79 0.75 0.69�0.82 0.74 0.64�0.84 0.79 0.72�0.86

36�45 0.58 0.52�0.65 0.60 0.55�0.67 0.66 0.57�0.75 0.73 0.69�0.79

�45 0.57 0.49�0.65 0.55 0.48�0.64 0.61 0.51�0.72 0.65 0.59�0.72

Marital status

Married/in union 1 1 1 1

Single 1.02 0.94�1.11 1.00 0.92�1.10 1.02 0.93�1.11 1.00 0.91�1.11

Widowed 0.76 0.62�0.94 0.93 0.78�1.11 0.76 0.60�0.96 0.90 0.76�1.08

Missing/other 1.10 0.92�1.31 0.99 0.78�1.26 1.06 0.85�1.31 1.16 0.86�1.56

Number of children

0 1 1 1 1

1 0.94 0.87�1.03 0.99 0.91�1.08 0.94 0.80�1.10 0.94 0.79�1.02

2 0.82 0.74�0.90 0.91 0.82�1.02 0.87 0.75�1.00 0.87 0.76�0.99

3 or more 0.74 0.65�0.83 0.93 0.81�1.06 0.74 0.64�0.86 0.74 0.67�0.91

Education

None or did not finish primary school 1 1 1 1

Primary school 0.84 0.67�1.05 0.75 0.61�0.92 0.80 0.70�0.91 0.78 0.69�0.89

Secondary school or higher 0.78 0.61�1.00 0.66 0.53�0.81 0.66 0.58�0.74 0.60 0.53�0.67

Missing 0.96 0.72�1.29 0.91 0.69�1.21 0.72 0.55�0.95 0.80 0.64�1.00

SES

Lower (no electricity) 1 1 1 1

Low (electricity only) 0.94 0.82�1.08 0.98 0.86�1.11 1.12 0.96�1.30 1.10 0.99�1.21

Higher (electricity and freezer) 0.81 0.71�0.92 0.90 0.80�1.03 0.78 0.64�0.96 0.89 0.82�0.98

Weight at enrolment (in kg)**

Bor�56kg 1 1 1 1

�56 kg 0.85 0.77�0.93 0.86 0.80�0.93 0.84 0.77�0.91 0.81 0.76�0.86

Missing weight 0.84 0.59�1.20 0.95 0.70�1.29 0.76 0.50�1.17 0.84 0.70�1.01

WHO stage at enrolment***

Stage I 1 1 1 1

Stage II 0.81 0.73�0.89 0.85 0.77�0.95 0.92 0.80�1.05 0.93 0.85�1.01

Stage III 0.85 0.76�0.97 0.87 0.77�0.99 0.85 0.76�0.96 0.94 0.81�1.10

Stage IV * * * * * * * *

Missing baseline WHO stage * * * * 1.12 0.63�2.01 1.00 0.77�1.31

CD4 count at enrolment***

�200 and5275 1 1 1 1

�275 and5350 0.98 0.90�1.07 0.97 0.89�1.06 0.96 0.83�1.11 0.95 0.82�1.11

�350 and5500 0.97 0.89�1.05 0.95 0.87�1.03 0.98 0.87�1.11 0.96 0.84�1.09

�500 1.12 1.01�1.25 1.07 0.97�1.18 1.10 0.92�1.32 1.04 0.88�1.23

Missing baseline CD4 count * * * * 0.65 0.37�1.14 0.60 0.47�0.78

*Multivariable model was adjusted for year of enrolment.

**Median of 55 kg used for ART eligibility unknown population; weight documented within three months of first clinic visit.

***Documented within three months of first clinic visit.
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Nevertheless, the substantial loss of patients even after

ART eligibility assessment suggests that more than CD4

testing and clinical staging is necessary to retain ART

ineligible patients in care. Current guidelines do not offer

therapeutic interventions to asymptomatic patients with high

CD4 counts (i.e. �350 cells/mL), leaving patients without

concrete reasons such as medications to return for visits.

One recent study showed higher retention among pre-ART

patients who received prophylaxis for opportunistic infec-

tions (OI), such as cotrimoxazole or isoniazid, compared with

those who did not [35]. Although this strategy presents risks

of medication side effects, expanding cotrimoxazole eligibility

to all pre-ART patients may improve pre-ART retention rates,

and requires more investigation. We were unable to assess

the role of OI prophylaxis in our study due to incomplete

data. As HIV treatment guidelines expand and support grows

for the ‘‘test and treat strategy’’ [36], expanded or a universal

offering of ART may be implemented in the future, but

prevention of LTC requires more immediate and sustainable

interventions.

With women of reproductive age representing a growing

percentage of people enrolling in HIV care in Mozambique

[37], the higher risk of LTC observed among pregnant women

is particularly concerning. PMTCT programs refer pregnant

women into HIV care, but more support is needed to link,

engage and retain pregnant women once they enroll in care,

especially pregnant women in pre-ART care, as they need to

initiate and maintain treatment with ARVs both for their own

health and to prevent vertical transmission. Our study

showed that LTC among women who were pregnant at

enrolment peaked in the peri-partum period, perhaps as a

consequence of increased domestic demands in caring for

the newborn. Other studies also show poor retention of peri-

partum women, including one study of women who started

ART while pregnant and found higher rates of non-adherence

to ART after delivery [38]. Anticipating the needs of pregnant

women and providing them with outreach care and support

may be an effective means of keeping them engaged in care,

especially during the vulnerable peri-partum period [39].

This study is responsive to the urgent call for researchers

to closely examine the problem of LTC amongst patients not

yet eligible for ART [8,20,30,40]. While others have studied

isolated phases of pre-ART care [8,26,30,41�43], this study

fills an important gap in the literature by documenting the

proportion of patients who enrolled in care before ART

eligibility and remained in care at until treatment initiation.

Furthermore, our data suggest that patients who enrol and

remain in care prior to ART eligibility eventually start ART at

median CD4 counts more in line with recommendations by

national guidelines, as compared with the majority of ART

patients that report medians much lower than the threshold

of 200 cells/mL [4,9]. This suggests that it is possible at least

for some patients to remain relatively continuously in pre-

ART care over longer periods such that appropriate monitor-

ing can occur, with treatment initiated in a relatively timely

fashion.

Our study has several findings and associated limitations

related to missing data. Poor documentation, incomplete

data entry, limited access to CD4 measurement or a com-

bination of these factors are likely reasons for substantial

missing information on ART eligibility at enrolment and soon

thereafter. The substantial portion of patients missing

information on ART eligibility criteria suggests that problems

in patient monitoring and data tracking are system-wide and

are adversely affecting rates of LTC. However, we could also

not quantify the extent to which information may have been

missing as a result of patients becoming LTC.

We could not report outcomes for those who are LTC,

including whether patients lost to clinic are in fact lost to

or disengaged from HIV care altogether; undocumented

transfers may account for a large proportion of patients

LTC, especially in the context of rapid scale-up and decen-

tralization of HIV programs during the study period. Similarly,

the proportion of lost patients who died is unknown but

likely small for ART ineligible patients, although high rates of

maternal mortality in Saharan Africa, where 1 in 31 women

die during childbirth (ranging from 470 to 930 deaths per

100,000 live births), may contribute [44], especially among

those LTC during the peri-partum period. As a result, the

proportion of patients who actually disengaged from HIV care

is most likely less than the proportion our study reports as

LTC. Research is needed to characterize the outcomes among
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Figure 1. LTC of ART ineligible patients and patients with unknown ART eligibility 12 months after enrolment.
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these patients, as well as the reasons for dropping out of

care, as has been done for ART patients [2,45].

Our findings on pregnant pre-ART women have important

implications for program implementers, but they should be

interpreted with caution. Pregnancy status and gestational

age were derived from patients’ verbal reports or documents

from other clinical services and were not verified by staff

entering the data. It is unclear howmanywomen weremissing

pregnancy status because they were never asked or the infor-

mation was never documented or entered; further, only half of

the women documented as pregnant also had documented

gestational age at enrolment. Finally, we studied pregnancy

only at enrolment and could not assess whether becoming

pregnant after enrolment is also a risk factor for LTC, which

would further raise our concern that pregnancy may be an

especially vulnerable period that should be the focus of

targeted interventions.

Conclusions
LTC among patients not yet eligible for ART or for whom ART

eligibility has not been assessed or documented is a major

barrier with the potential to undermine the success of HIV

care and treatment programs in sub-Saharan Africa. While

LTC of ART ineligible patients does not usually portend

immediate death, it perpetuates the pattern of late ART

initiation [9,10,46] and contributes to the high mortality

observed during the first year on ART. Furthermore, losing

patients who present for care is a missed opportunity to

prevent onward HIV transmission. Where resources allow, we

must better understand how to target and intervene with

patients prior to ART eligibility, especially men, pregnant

women and others who are at higher risk of LTC. Improved

patient tracking systems and more research on predictors

and outcomes for pre-ART patients will help shape the

development of effective interventions and programmatic

activities, especially as ART eligibility criteria are expanding or

are slated for expansion in many resource-limited settings.

Future studies should investigate reasons for missing ART

eligibility monitoring data, ascertain outcomes among those

LTC, and test interventions to retain pre-ART patients.

Authors’ affiliations
1Spencer Cox Center for Health, St. Luke’s and Roosevelt Hospitals,

New York, United States; 2Weill Cornell Medical College, Departments of

Medicine and Public Health, New York, United States; 3ICAP, Columbia

University, Mailman School of Public Health, New York, United States;
4Columbia University, Mailman School of Public Health, Department of

Epidemiology, New York, United States; 5Weill Cornell Medical College,

Department of Public Health, New York, United States; 6Division of Biostatistics,

Department of Public Health Sciences, University of California, Davis, California,

United States; 7Ministry of Health Advisor, Maputo, Mozambique; 8CUNY School

of Public Health at Hunter College, Epidemiology and Biostatistics Program,

New York, United States

Competing interests

The authors have no competing interests to declare.

Authors’ contributions

All investigators contributed to concept of the study. RP analyzed data and

wrote the manuscript. ML and DN supervised data analysis and revised the

manuscript. HB conducted statistical analysis and edited the manuscript. BS

participated in study design and edited the manuscript. All other authors

critically read and approved the final manuscript.

Acknowledgements

We would like to thank all patients and staff at the HIV care and treatment

facilities included in this analysis. We also want to acknowledge the efforts of

the ICAP staff in-country and clinic staff tasked with collecting the data used for

this analysis.

References

1. WHO. Towards universal access: scaling up priority HIV/AIDS interventions in

the health sector; progress report 2010. Geneva: WHO; 2010.

2. Geng EH, Nash D, Kambugu A, Zhang Y, Braitstein P, Christopoulos KA, et al.

Retention in care among HIV-infected patients in resource-limited settings:

emerging insights and new directions. Current HIV/AIDS Reports. 2010;7:

234�44.
3. Rosen S, Fox MP, Gill CJ. Patient retention in antiretroviral therapy programs

in sub-Saharan Africa: a systematic review. PLoS Med. 2007;4:e298.

4. Fox MP, Rosen S. Patient retention in antiretroviral therapy programs up to

three years on treatment in sub-Saharan Africa, 2007�2009: systematic review.

Trop Med Int Health. 2010;15(Suppl 1):1�15.
5. Brinkhof MW, Dabis F, Myer L, Bangsberg DR, Boulle A, Nash D, et al. Early

loss of HIV-infected patients on potent antiretroviral therapy programmes in

lower-income countries. Bull World Health Organ. 2008;86:559�67.
6. Brinkhof MW, Boulle A, Weigel R, Messou E, Mathers C, Orrell C, et al.

Mortality of HIV-infected patients starting antiretroviral therapy in sub-Saharan

Africa: comparison with HIV-unrelated mortality. PLoS Med. 2009;6:e1000066.

7. Dalal RP, Macphail C, Mqhayi M, Wing J, Feldman C, Chersich MF, et al.

Characteristics and outcomes of adult patients lost to follow-up at an

antiretroviral treatment clinic in johannesburg, South Africa. J Acquir Immune

Defic Syndr. 2008;47:101�7.
8. Lessells RJ, Mutevedzi PC, Cooke GS, Newell ML. Retention in HIV care for

individuals not yet eligible for antiretroviral therapy: rural KwaZulu-Natal,

South Africa. J Acquir Immune Defic Syndr. 2011;56:e79�86.
9. Nash D, Wu Y, Elul B, Hoos D, El Sadr W. Program-level and contextual-level

determinants of low-median CD4� cell count in cohorts of persons initiating

ART in eight sub-Saharan African countries. AIDS. 2011;25:1523�33.
10. Lahuerta M, Ue F, Hoffman S, Elul B, Wu Y, Kulkarni SG, et al. The problem

of late ART initiation in sub-Saharan Africa: a transient aspect of scale-up

or a long-term phenomenon? J Health Care Poor Underserved. 2013;24(1):

359�83.
11. Lawn SD, Myer L, Orrell C, Bekker LG, Wood R. Early mortality among

adults accessing a community-based antiretroviral service in South Africa:

implications for programme design. AIDS. 2005;19:2141�8.
12. Larson BA, Brennan A, McNamara L, Long L, Rosen S, Sanne I, et al. Early

loss to follow up after enrolment in pre-ART care at a large public clinic in

Johannesburg, South Africa. Trop Med Int Health. 2010;15(Suppl 1):43�7.
13. Cornell M, Myer L, Kaplan R, Bekker LG,Wood R. The impact of gender and

income on survival and retention in a South African antiretroviral therapy

programme. Trop Med Int Health. 2009;14:722�31.
14. Kigozi IM, Dobkin LM, Martin JN, Geng EH, Muyindike W, Emenyonu NI,

et al. Late-disease stage at presentation to an HIV clinic in the era of free

antiretroviral therapy in Sub-Saharan Africa. J Acquir Immune Defic Syndr.

2009;52:280�9.
15. Lawn SD, Myer L, Harling G, Orrell C, Bekker LG, Wood R. Determinants of

mortality and nondeath losses from an antiretroviral treatment service in

South Africa: implications for program evaluation. Clin Infect Dis. 2006;43:

770�6.
16. Ndiaye B, Ould-Kaci K, Salleron J, Bataille P, Bonnevie F, Cochonat K, et al.

Characteristics of and outcomes in HIV-infected patients who return to care

after loss to follow-up. AIDS. 2009;23:1786�9.
17. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC,

Kumarasamy N, et al. Prevention of HIV-1 infection with early antiretroviral

therapy. N Engl J Med. 2011;365:493�505.
18. Hallett TB, Gregson S, Dube S, Garnett GP. The impact of monitoring

HIV patients prior to treatment in resource-poor settings: insights from

mathematical modelling. PLoS Med. 2008;5:e53.

19. Ingle SM, May M, Uebel K, Timmerman V, Kotze E, Bachmann M, et al.

Outcomes in patients waiting for antiretroviral treatment in the Free State

Province, South Africa: prospective linkage study. AIDS. 2010;24:2717�25.
20. Rosen S, Fox MP. Retention in HIV care between testing and treatment in

Sub-Saharan Africa: asystematic review. PLoS Med. 2011;8:e1001056.

21. (MISAU). MMoH. INSIDA, Inquerito Nacional de Prevalencia, Riscos

Comportamentais e Informacao sobre o HIV e SIDA en Mocambique (National

Pati R et al. Journal of the International AIDS Society 2013, 16:18490

http://www.jiasociety.org/index.php/jias/article/view/18490 | http://dx.doi.org/10.7448/IAS.16.1.18490

8

http://www.jiasociety.org/index.php/jias/article/view/18490
http://dx.doi.org/10.7448/IAS.16.1.18490


seroprevalence, behavioral risk and HIV/AIDS information survey) Preliminary

Results. Mozambique: Mozambique-Ministry of Health; 2010.

22. Vermund SH. Testing and linkage of patients to early care. AIDS. 2011;

25:1547�8.
23. Keiser O, Anastos K, Schechter M, Balestre E, Myer L, Boulle A, et al.

Antiretroviral therapy in resource-limited settings 1996 to 2006: patient

characteristics, treatment regimens and monitoring in sub-Saharan Africa,

Asia and Latin America. Tropical Medicine &International Health: TM & IH.

2008;13:870�9.
24. Cornell M, Grimsrud A, Fairall L, Fox MP, van Cutsem G, Giddy J, et al.

Temporal changes in programme outcomes among adult patients initiating

antiretroviral therapy across South Africa, 2002�2007. AIDS. 2010;24:2263�70.
25. Jani IV, Sitoe NE, Alfai ER, Chongo PL, Quevedo JI, Rocha BM, et al. Effect

of point-of-care CD4 cell count tests on retention of patients and rates of

antiretroviral therapy initiation in primary health clinics: an observational

cohort study. Lancet. 2011;378:1572�9.
26. Amuron B, Namara G, Birungi J, Nabiryo C, Levin J, Grosskurth H, et al.

Mortality and loss-to-follow-up during the pre-treatment period in an

antiretroviral therapy programme under normal health service conditions in

Uganda. BMC Public Health. 2009;9:290.

27. Geng EH, Bangsberg DR, Musinguzi N, Emenyonu N, Bwana MB,

Yiannoutsos CT, et al. Understanding reasons for and outcomes of patients

lost to follow-up in antiretroviral therapy programs in Africa through a

sampling-based approach. J Acquir Immune Defic Syndr. 2010;53:405�11.
28. Ochieng-Ooko V, Ochieng D, Sidle JE, Holdsworth M, Wools-Kaloustian K,

Siika AM, et al. Influence of gender on loss to follow-up in a large HIV

treatment programme in western Kenya. Bull World Health Organ. 2010;88:

681�8.
29. McGuire M, Munyenyembe T, Szumilin E, Heinzelmann A, Le Paih M,

Bouithy N, et al. Vital status of pre-ART and ART patients defaulting from care

in rural Malawi. Trop Med Int Health. 2010;15(Suppl 1):55�62.
30. Losina E, Bassett IV, Giddy J, Chetty S, Regan S, Walensky RP, et al. The

‘‘ART’’ of linkage: pre-treatment loss to care after HIV diagnosis at two PEPFAR

sites in Durban, South Africa. PLoS One. 2010;5:e9538.

31. Jani I, Sitoe N, Alfai E, Chongo P, Lehe J, Rocha B, et al. Point-of-care CD4

improves patient retention and time-to-initiation of ART in Mozambique.

XVIII International AIDS Conference. Abstract No. FRLBE101. 2010 [cited 2013

March 18]. Available from: http://pag.aids2010.org/Abstracts.aspx?SID�641&

AID�17805.

32. Faal M NN, Makgamatha L, Venter F, Osih R. Effect of an immediate CD4

result during VCT on patient retention in ART. XVIII International AIDS

Conference. Abstract no. TUPE0113. 2010 [cited 2013 March 18]. Available

from http://www.iasociety.org/Abstracts/A200737923.aspx.

33. Mtapuri-Zinyowera S, Chideme M, Mangwanya D, Mugurungi O, Gudukeya

S, Hatzold K, et al. Evaluation of the PIMA point-of-care CD4 analyzer in VCT

clinics in Zimbabwe. J Acquir Immune Defic Syndr. 2010;55:1�7.

34. Larson B, Ndibongo B, Bistline K, Xulu T, Brennan A, Long L, et al. Point-of-

care CD4 testing after HIV diagnosis to reduce losses to initiation of

antiretroviral therapy: an evaluation of a pilot program at the Themba Lethu

Clinic, Johannesburg, South Africa. 6th IAS Conference on HIV Pathogenesis

and Treatment. Abstract No. MOPE450. 2011 [cited 2013 March 18]. Available

from: http://www.iasociety.org/Abstracts/A200742129.aspx.

35. Kohler PK, Chung MH, McGrath CJ, Benki-Nugent SF, Thiga JW, John-

Stewart GC. Implementation of free cotrimoxazole prophylaxis improves clinic

retention among antiretroviral therapy-ineligible clients in Kenya. AIDS. 2011;

25:1657�61.
36. Cohen MS, Gay CL. Treatment to prevent transmission of HIV-1. Clin Infect

Dis. 2010;50(3):S85�95.
37. Lahuerta M, Lima J, Elul B, Okamura M, Alvim MF, Nuwagaba-Biribonwoha

H, et al. Patients enrolled in HIV care in Mozambique: baseline characteristics

and follow-up outcomes. J Acquir Immune Defic Syndr. 2011;58(3):e75�86.
38. Leisegang R NJ, Hislop M, Maartens G. The Impact of Pregnancy on

Adherence to and Default from ART. 18th Conference on Retroviruses and

Opportunistic Infections. Abstract No. 1021. 2011 [cited 2013 March 18].

Available from: http://www.retroconference.org/2011/Abstracts/42221.htm.

39. Boyles TH, Wilkinson LS, Leisegang R, Maartens G. Factors influencing

retention in care after starting antiretroviral therapy in a rural South african

programme. PLoS One. 2011;6:e19201.

40. Bassett IV, Wang B, Chetty S, Mazibuko M, Bearnot B, Giddy J, et al. Loss

to care and death before antiretroviral therapy in Durban, South Africa.

JAcquirImmune DeficSyndr. 2009;51:135�9.
41. Micek MA, Gimbel-Sherr K, Baptista AJ, Matediana E, Montoya P, Pfeiffer J,

et al. Loss to follow-up of adults in public HIV care systems in central

Mozambique: identifying obstacles to treatment. J AcquirImmune Defic Syndr.

2009;52:397�405.
42. Larson B, Brennan A, McNamara L, Long L, Rosen S, Sanne I, et al. A Lost

opportunity: Most VCT Patients Who Test Positive for HIV in a Large South

African Clinic Do Not Complete CD4 Cell Testing for Initiating HIV Care and

Treatment. 17th Conference on Retroviruses and Opportunistic Infections.

Abstract No. 826. 2010 [cited 2013 March 18]. Available from: http://

retroconference.org/2010/PDFs/826.pdf.

43. Bassett IV, Regan S, Chetty S, Giddy J, Uhler LM, Holst H, et al. Who Starts

ART in Durban, South Africa? . . . Not everyone who should. AIDS. 2010. Jan 24;

Suppl 1:S37�44.
44. WHO. Trends in maternal mortality: 1990�2008. Geneva: World Health

Organization; 2010.

45. Brinkhof MW, Pujades-Rodriguez M, Egger M. Mortality of patients lost to

follow-up in antiretroviral treatment programmes in resource-limited settings:

systematic review and meta-analysis. PLoS One. 2009;4:e5790.

46. Lahuerta M, Lima J, Nuwagaba-Biribonwoha H, Okamura M, Alvim MF,

Fernandes R, et al. Factors associated with late antiretroviral therapy initiation

among adults in Mozambique. PloS One. 2012;7:e37125.

Pati R et al. Journal of the International AIDS Society 2013, 16:18490

http://www.jiasociety.org/index.php/jias/article/view/18490 | http://dx.doi.org/10.7448/IAS.16.1.18490

9

http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://pag.aids2010.org/Abstracts.aspx?SID=641&AID=17805
http://www.iasociety.org/Abstracts/A200737923.aspx
http://www.iasociety.org/Abstracts/A200742129.aspx
http://www.retroconference.org/2011/Abstracts/42221.htm
http://retroconference.org/2010/PDFs/826.pdf
http://retroconference.org/2010/PDFs/826.pdf
http://www.jiasociety.org/index.php/jias/article/view/18490
http://dx.doi.org/10.7448/IAS.16.1.18490


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


