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Abstract

Background: Despite high coverage of maternal and child health services in Mozambique, prevention of mother-
to-child transmission of HIV (PMTCT) cascade outcomes remain sub-optimal. Delivery effectiveness is modified by
health system preparedness. Identifying modifiable factors that impact quality of care and service uptake can inform
strategies to improve the effectiveness of PMTCT programs. We estimated associations between facility-level modifi-
able health system readiness measures and three PMTCT outcomes: Early infant diagnosis (polymerase chain reaction
(PCR) before 8 weeks of life), PCR ever (before or after 8 weeks), and positive PCR test result.

Methods: A 2018 cross-sectional, facility-level survey was conducted in a sample of 36 health facilities covering

all 12 districts in Manica province, central Mozambique, as part of a baseline assessment for the SAIA-SCALE trial
(NCT03425136). Data on HIV testing outcomes among 3,427 exposed infants were abstracted from at-risk child
service registries. Nine health system readiness measures were included in the analysis. Logistic regressions were used
to estimate associations between readiness measures and pediatric HIV testing outcomes. Odds ratios (OR) and 95%
confidence intervals (95%Cl) are reported.

Results: Forty-eight percent of HIV-exposed infants had a PCR test within 8 weeks of life, 69% had a PCR test ever,
and 6% tested positive. Staffing levels, glove stockouts, and distance to the reference laboratory were positively
associated with early PCR (OR=1.02 [95%Cl: 1.01-1.02], OR=1.73 [95%Cl: 1.24-2.40] and OR=1.01 [95%Cl: 1.00-1.01],
respectively) and ever PCR (OR=1.02 [95%Cl: 1.01-1.02], OR=1.80 [95%Cl: 1.26-2.58] and OR=1.01 [95%Cl: 1.00—
1.01], respectively). Catchment area size and multiple NGOs supporting PMTCT services were associated with early
PCR testing OR=1.02 [95%Cl: 1.01-1.03] and OR =0.54 [95%Cl: 0.30-0.97], respectively). Facility type, stockout of pro-
phylactic antiretrovirals, the presence of quality improvement programs and mothers'support groups in the health
facility were not associated with PCR testing. No significant associations with positive HIV diagnosis were found.
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Conclusion: Salient modifiable factors associated with HIV testing for exposed infants include staffing levels, NGO
support, stockout of essential commodities and accessibility of reference laboratories. Our study provides insights into
modifiable factors that could be targeted to improve PMTCT performance, particularly at small and rural facilities.

Keywords: PMTCT, Early infant HIV diagnosis, HIV PCR testing, Vertical HIV transmission, Service readiness,

Mozambique

Background

Transmission rates of HIV from an infected mother
to her child range from 15 to 45% in the absence of any
intervention; however, this can be reduced to less than
5% with antiretroviral therapy (ART) [1, 2]. Yearly, 1.3
million HIV infected women become pregnant world-
wide, and an estimated 85% of them receive ART to pre-
vent mother-to-child HIV transmission (PMTCT) [3].
Yet this observed high coverage in ART has not trans-
lated to elimination of MTCT, which is estimated to
account for 90% of new HIV infections in children under
15 [4]. Although a reduction from 190,000 to 150,000
infections globally per year was documented between
2015 and 2020, this decrease is still far from the World
Health Organization (WHO) target of zero new infant
infections by 2030 [5, 6], and varies widely across highly
affected countries [2].

Preventing vertical HIV transmission requires passing
through a complex cascade that spans approximately two
years and multiple biological periods for women-infant
pairs; covers multiple services spanning antenatal care,
institutional delivery, breastfeeding and pediatric sup-
port; and requires progression through each service stage
to benefit from the linked steps across the PMTCT cas-
cade [7-9]. Given that preventing vertical transmission
requires successful completion of each PMTCT step —
where progression through HIV testing, ART initiation
and continuity with high adherence, safe delivery, ade-
quate infant feeding, and infant antiretroviral prophylaxis
is conditional on completion of previous cascade steps
— services must be provided in a high quality and timely
manner [10]. The complexity of the PMTCT cascade —
including the fragmentation of services and actors and its
conditional nature — impedes successful implementation
of evidence-based PMTCT guidelines [8].

The WHO recommends that infants exposed to HIV
during the intra- and peripartum periods be tested at
4—6 weeks of age or at the earliest opportunity beyond
that time to optimize treatment strategies for infected
infants [11, 12]. In 2018, however, only 59% of HIV-
exposed infants globally received a virologic test by
2 months of age [13].

The prevalence of HIV in Mozambique is one of the
highest in the world, with 13.2% of the adult population
(15-49 years old) infected with HIV [14]. Estimates of

progress toward Elimination of MTCT (EMTCT) as of
2020 from UNAIDS and the Mozambican Ministry of
Health (MoH) indicate that coverage of early infant HIV
diagnosis by 8 weeks was 83%, and the total MTCT rate
across pregnancy, delivery and the breastfeeding period
was 13% [15, 16]. In 2020, the number of new infections
averted due to PMTCT in Mozambique is estimated at
20,000[13,000 — 34,000], with a lower transmission rate
in infants tested before 8 weeks of life (5% vs. 16%) [16].

Health service delivery is greatly influenced by the
robustness of health systems [17]. By identifying modi-
fiable health systems factors that impact quality of care
and service uptake, targeted strategies can be designed
to optimize the delivery of health interventions [18]. To
date the majority of research on determinants of PMTCT
service performance (including early infant diagnosis)
in sub-Saharan Africa relies on individual-level data to
describe demographic predictors [19-21]. Limited evi-
dence exists on the influence of supply-side determinants
of PMTCT performance. We aimed to address this gap
by investigating the influence of facility-level determi-
nants on the performance of the PMTCT cascade, with a
focus on early HIV testing in exposed infants. The iden-
tification of modifiable factors is important to recom-
mend adaptations in service delivery and improve health
outcomes.

Methods

Study design

We performed a cross-sectional study using baseline
data from SAIA-SCALE (NCT03425136), a stepped-
wedge trial ongoing in central Mozambique since 2018
to test the effectiveness of a novel method to disseminate
a blended systems engineering implementation strategy
to improve PMTCT services [22]. SAIA-SCALE is con-
ducted in all 12 districts of Manica province in central
Mozambique, and within each district, the three public
health facilities with the largest volume of antenatal care
patients were selected for inclusion [22]. Our analyses
use baseline study data from these 36 health facilities
(3 x 12 districts).

Study setting
Manica province is in central Mozambique and has a
population of 2 million [23]. The adult HIV prevalence
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is estimated at 13.5% [14]. Most health services are pro-
vided by the public sector. There are 121 public health
facilities in Manica province, and the provider-to-
population ratio is 6.4 physicians per 100,000 and 50.5
maternal & child health nurses per 100,000. Compar-
atively, the national ratio averages for both cadres are
8.7 and 53.6 per 100,000, respectively [23, 24]. There is
high utilization of maternal & child services (MCHS)
in Manica. Ninety-two percent of pregnant women
receive at least one antenatal care (ANC) visit with a
qualified professional, and 71% have an institutional
delivery [14].

Study population

Data were collected in 36 public sector health facili-
ties as part of baseline data for the SAIA-SCALE pro-
ject. Selection of facilities has been previously described
[22]; briefly, all public sector primary care facilities pro-
viding PMTCT services were ranked by volume of first
ANC visits in each district, and the three highest volume
facilities selected for inclusion in the intervention trial.
All 3427 women-infant pairs receiving PMTCT services
in the 36 study health facilities between January and
December 2017 were included in the study. The study
population included all women who were diagnosed with
HIV prior to seeking MCHS for this pregnancy, as well
as those newly diagnosed through HIV testing during the
pregnancy, delivery, or breastfeeding periods.

Data sources

We used data from two sources. First, a baseline service
readiness assessment modeled on the WHO Service
Readiness and Availability Assessment (SARA) tool, was
administered by study personnel in all 36 study facili-
ties between May and August 2018. The SARA is a com-
prehensive, standardized tool from which we selected 9
measures to describe general conditions of health facili-
ties, including detailed assessments of the availability of
staffing, essential commodities, and medicines across rel-
evant services in each facility (including antenatal care,
maternity wards, postpartum care, at-risk childcare (CCR
— Consulta da Crianga em Risco), pharmacy and labora-
tory) [25]. Second, we used data extracted from the CCR
registries to track PMTCT indicators for HIV-exposed
infants. CCR services provide care for children with
elevated risk for illness, including HIV-exposed infants,
who are targeted for HIV testing beginning at one month
through 9 months age (virologic PCR test using dry
blood spots for HIV-1), and administration of ART and
prophylaxis for opportunistic infections depending on
HIV status.
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Study Variables

Outcomes of interest

We examined three outcomes: 1) Whether the child had
a PCR test by 8 weeks of life (EID or early infant diag-
nosis); 2) whether the child had a PCR test at any point
before or after 8 weeks (ever PCR); and 3) whether the
child had a positive HIV result by PCR before or after
8 weeks of life (positive PCR). All three outcomes were
collected as binary measures at the mother-infant pair
level from CCR registries, and aggregated into propor-
tions of cases, across twelve months at the health facil-
ity level. Our final dataset included data from all 36
health facilities.

Facility characteristics

The following supply-side factors were included in the
analysis: 1) personnel ratio (total number of clinical
staff working in PMTCT services divided by the esti-
mated population catchment area size of the facility);
2) health facility location (urban/rural); 3) stockouts for
PMTCT commodities in the pharmacy in the last three
months of a) pediatric antiretroviral nevirapine suspen-
sion (yes/no) and/or b) gloves (yes/no); 3) facility par-
ticipation in a quality improvement program (yes/no),
4) presence of a mother-to-mother peer support group
(yes/no); 5) number of NGOs supporting the facility
(none/one/multiple); 6) catchment area population;
and 7) driving distance from the health facility to the
reference laboratory (kilometers). Three highly skewed
variables were log-transformed for analysis: personnel
ratio, catchment area size, and distance from health
facility to reference laboratory.

Statistical analysis

All analyses were conducted in R, version 4.1.2 [26], and
at the health facility level (as no variables were available
below this level). For each outcome the overall province-
level proportion is pooled from facility-level proportions
through a random-effects meta-analysis to account for
and assess the heterogeneity between health facilities
[27]. Univariate (additional file 2) and multivariable logis-
tic regression models were used to assess the association
between facility-level characteristics and the outcomes.
Odds ratios (OR) and their 95% confidence intervals
(95%CI) are reported. Because we included log-trans-
formed covariates we provide guidance to interpret esti-
mated coefficients in the appendix; briefly, we interpret
these coefficients in terms of multiplicative change in
odds per 5% increase in the predictor (additional file 1).
For non-log transformed covariates we interpret the
exponentiated coefficient as the OR.
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Results

Study health facilities

Participating health facilities were predominantly rural
(Table 1). Urban facilities had higher caregiver-to-patient

Table 1 Study health facilities characteristics by urbanicity

Rural HF Urban HF Total
(N=24) (N=12) (N=36)
N (%) N (%) N (%)
Personnel ratio per 1000 inhabitants
Mean (SD) 0.20 (0.11) 0.24 (0.14) 0.21(0.12)
ARV stockout®
Yes 521%) 2(17%) 7 (19%)
No 19 (79%) 10 (83%) 29 (81%)
Gloves stockout?
Yes 1 (4%) 9 (75%) 10 (28%)
No 23 (96%) 3(25%) 26 (72%)
Number of NGOs
None 0 (0%) 2(17%) 2 (6%)
One 7 (29%) 4 (33%) 11 (31%)
Multiple 17 (71%) 6 (50%) 23 (64%)
Mother-to-Mother Group
Yes 15 (62%) 12 (100%) 27 (75%)
No 9 (38%) 0 (0%) 9 (25%)
Ql program
Yes 23 (96%) 10 (83%) 33(92%)
No 1 (4%) 2 (17%) 3(8%)
Catchment area (per 1000 people)
Mean (SD) 25000 (13000) 43000 (20000) 31000 (18000)
Laboratory distance (Km)
Mean (SD) 63 (71) 24(20) 50 (62)

HF Health facility, ARV Antiretroviral, Q/ Quality improvement, NGOs Non-
Governmental Organizations

2 All stockouts are measured in the 3 months prior to the day of data collection
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ratios, lower prevalence of stockouts of prophylactic
ARVs, lower number of NGO providing support, larger
catchment areas and shorter distances to the reference
laboratory compared with rural health facilities. Rural
facilities had more quality improvement initiatives and
mother-to-mother support groups (Table 1).

HIV testing and diagnosis

Across the 36 study facilities, a total of 3,427 infants were
identified as HIV exposed from pregnancy through the
postpartum period, of whom 2,366 (69.0%) ever had a
PCR test done and 2,382 (69.5%) had PCR results reg-
istered during the analysis period. Among PCR-tested
infants, 1,740 (73.5%) were tested within 8 weeks of life.
Over six percent of infants (n=155, 6.5%) tested posi-
tive for HIV, the majority (n=103, 66.5%) of whom were
tested after 8 weeks of life (Fig. 1).

The pooled proportion of infants with EID was 48%
[95% CIL: 42%, 53%], with noticeable heterogeneity
between health facilities varying from 15% [95% CI: 8%,
26%] to 81% [95% CI: 54%, 96%] (Fig. 2a). The percentage
of infants ever having a PCR test was 69% [95% CI: 63%,
74%], varying from 20% [95% CI: 11%, 31%] to 90% [95%
CI: 84%, 95%)] (Fig. 2b). The proportion of infants with
a positive PCR HIV diagnosis was 6% [95% CI:5%, 8%],
varying from range of 0% in eight health facilities to 14%
in two facilities (Fig. 2¢).

Factors associated with early infant diagnosis (before

8 weeks of life)

In multivariable analysis caregiver-to-population ratio,
stockout of gloves, support from multiple NGOs, catch-
ment area size and distance from reference labora-
tory were significantly associated with EID (Table 2).
For each 5% increase in the ratio of caregivers per 1000

PCR tests
1061 2366
Not tested Tested
1740 626
at 8 weeks at >8 weeks

3427
Infants

HIV results

1045 2382

No HIV test results
information

155 HIV+

62 HIV+
at 8 weeks

103 HIV+
at >8 weeks

Fig. 1 Number of infant HIV PCR tests and results in 36 facilities in Manica, 2017
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a b
Events per 100

Site Events Total observations % [95% CI] Site Events Total
HF. 1 17 47 —— 36 [23;51] HF. 1 28 47
HF.2 103 154 —& 67 [59:74] HF.2 132 154
HF. 3 106 146 —= 73 [65;80] HF.3 132 146
HF.4 190 430 = 44 [39;49] HF.4 239 430
HF. 5 28 72 —a— 39 [28;51] HF.5 50 72
HF.6 86 268 = 32 [27:38] HF.6 163 268
HF.7 12 24 —— 50 [29;71] HF.7 13 24
HF.8 17 60 —— 28 [17:41] HF.8 31 60
HF.9 21 52 —a— 40 [27:55] HF.9 41 52
HF. 10 10 66 —=— 15 [8;26] HF. 10 13 66
HF. 11 136 228 & 60 [53;66] HF. 11 168 228
HF. 12 26 62 —E— 42 [30;55] HF. 12 46 62
HF. 13 13 16 ——81 [54,96] HF. 13 14 16
HF. 14 65 100 —— 65 [55:74] HF. 14 84 100
HF. 15 89 192 & 46 [39:54] HF. 15 128 192
HF. 16 10 20 —— 50 [27:73] HF. 16 1320
HF. 17 6 22 —=— 27 [11;50] HF. 17 15 22
HF. 18 10 20 —— 50 [27:73] HF. 18 16 20
HF. 19 20 54 — - 37 [24:;51] HF. 19 44 54
HF. 20 22 48 —a— 46 [31;61] HF. 20 24 48
HF. 21 16 56 —+— 29 [17;42] HF. 21 34 56
HF. 22 5 14 36 [13;65] HF.22 6 14
HF. 23 14 32 = 44 [26;62] HF. 23 20 32
HF. 24 29 54 —E— 54 [40;67] HF. 24 41 54
HF.25 81 156 - 52 [44;60] HF. 25 114 156
HF. 26 131 167 —= 78 [71;84] HF. 26 147 167
HF.27 184 297 i 62 [56;67] HF.27 217 297
HF. 28 55 90 —— 61 [50:71] HF. 28 74 90
HF.29 31 97 —= 32 [23;42] HF.29 51 97
HF. 30 30 43 —— 70 [54;83] HF. 30 37 43
HF. 31 22 41 —E— 54 [37;69] HF. 31 26 41
HF. 32 34 78 —E— 44 [32;55] HF. 32 43 78
HF. 33 5 20— 25 [9:49] HF. 33 9 20
HF. 34 8 32 — 25 [11:43] HF. 34 13 32
HF. 35 96 146 —= 66 [57;73] HF. 35 124 146
HF. 36 12 23 —— 52 [31:73] HF. 36 16 23
Random effects model 3427 - 48 [42; 53] Random effects model 3427

=0.3942,p <001 ©=05172,p <001

0 40 60 80

2
% Infants with EID

Fig. 2 Facility-level and pooled proportions of study outcomes among HIV-exposed infants

C
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- 69 [63;74] Random effects model 2382 6 [5;8]

©=0.1130,p = 0.67
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% of Infants with ever PCR % of Infants with positive PCR

Table 2 Associations between health facility characteristics and
early infant diagnosis

Variable Adjusted Odds P value
ratios (95%Cl)
Personnel/1,000 population” 102[1.01-1.021%  <0.0001
Facility Type (Urban) 1.14[0.81-1.61] 0.4475
Stockout of ARVs (yes) 1[0.79-1.27] 0.9650
Stockout of gloves (yes) 1.73[1.24-2.40] 0.0011
Ql program (yes) 1.52 [0.96-2.40] 0.0734
Mother-to-Mother program (yes) 1[0.88-1.66] 0.2543
One NGO (ref: none) 61 [0.34-1.08] 0.0923
Multiple NGOs (ref: none) 0.54[0.30-0.97] 0.0407
Catchment area size/1000° 1.02[1.01-1.03]7  <0.0001
Distance from reference laboratory (km)” 101.00-1.011%  0.0002

QI Quality improvement, ARV Antiretroviral (Nevirapine), ref Reference
" Log transformed in the model

* Transformed to odds ratio per 5% relative increase of the predictor to improve
interpretability. Original coefficient for personnel ratio was 0.31 [95%Cl:
0.18-0.43], for catchment area size was 0.39 [95%Cl: 0.18-0.59] and for distance
from the reference laboratory was 0.11 [95% Cl: 0.07-0.15]

people there was an associated 2% increase in odds for
EID (OR=1.02 [95%CI: 1.01-1.02]. Stockout of gloves in
the pharmacy in the last 3 months was associated with

73% increased odds of EID (OR=1.73 [95%CI: 1.24—
2.40]). The involvement of multiple NGOs in the health
facility was associated with 46% decreased odds of EID
(OR=0.54 [95%CI: 0.30-0.97]) compared with not hav-
ing NGO support. A 5% increase in population catch-
ment area was associated with 2% increase in odds for
EID (OR=1.02 [95%CI: 1.01-1.03] and each 5% increase
in distance from a reference laboratory was associ-
ated with 1% increased odds of EID (OR=1.01 [95%CI:
1.00-1.01]).

Factors associated with ever having a PCR test (before

or after 8 weeks of life)

The ratio of personnel, stockouts of gloves, and dis-
tance to the reference laboratory were significantly
associated with ever having a PCR test (Table 3). For
each 5% increase in the ratio of caregivers per 1000
patients there was an associated 2% increase in odds for
ever having a PCR test (OR=1.02 [95%CI: 1.01-1.02]).
Stockout of gloves was associated with 80% increased
odds for a PCR test (OR=1.80 [95%CI: 1.26-2.58]).
Each 5% increase in distance from a reference labora-
tory was associated with 1% increased odds of PCR
(OR=1.01 [95%CI: 1.00-1.01]).
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Table 3 Associations between health facility characteristics and
having a PCR test at any age

Variable Adjusted Odds P value
ratios (95%Cl)
Personnel/1,000 population” 1.02[1.01-1.021"  <0.0001
Facility Type (Urban) 1.17 [0.81-1.70] 0.4006
Stockout of ARV (yes) 1.27 [0.98-1.64] 0.0773
Stockout of gloves (yes) 1.80[1.26-2.58] 0.0012
Ql program (yes) 1.32[0.84-2.09] 0.2269
Mother-to-Mother program (yes) 1.12[0.81-1.54] 0.4854
One NGO (ref: none) 91 [049-1.67] 0.7616
Multiple NGOs (ref: none) 0.87 [046-161] 0.6639
Catchment area size/1000° 1[099-1.021" 02144
Distance from reference laboratory (km)" 111.00-1.0117  <0.0001

QI Quality improvement, ARV Antiretroviral (Nevirapine), ref Reference
" Log transformed in the model

T Transformed odds ratio per 5% relative increase of the predictor to improve
interpretability. Original coefficient for personnel ratio was 0.30 [95%Cl:
0.16-0.43], for catchment area was 0.14 [95% Cl: -0.08-0.35], and for distance
from the reference lab was 0.13 [95%Cl: 0.08-0.17]

Table 4 Associations between health facility characteristics and
positive infant PCR diagnosis

Variable Adjusted Odds P value
ratios (95%Cl)
Personnel/1,000 population” 01[099-1.03]1t 02834
Facility Type (Urban) 1.46[0.62-3.31] 0.3746
Stockout of ARV (yes) 1.02 [0.57-1.77] 0.9474
Stockout of gloves (yes) 0.78 [0.35-1.79] 0.5559
Ql program (yes) 0.48 [0.18-1.27] 0.1281
Mother-to-Mother program (yes) 1.15[0.48-3.09] 0.7693
One NGO (ref: none) 0.83[0.25-3.27] 0.7729
Multiple NGOs (ref: none) 0.69[0.21-2.75] 0.5692
Catchment area size/1000° 01[098-1.031" 06027
Distance from reference laboratory (km)”  1.00[0.99-1.00]t  0.0663

QI Quality improvement, ARV Antiretroviral (Nevirapine), ref Reference
" Log transformed in the model

* Transformed to odds ratio per 5% relative increase of the predictor to improve
interpretability. Original coefficient for personnel ratio was 0.21 [95%Cl:
-0.15-0.61], for catchment area was 0.14 [95%Cl: -0.37-0.66] and for distance
from the reference laboratory was -0.09 [95% Cl: -0.20-0.01]

Factors associated with having a positive PCR HIV
diagnosis

No covariates included in the analysis were found to be
significantly associated with having a positive PCR HIV
diagnosis (Table 4).

Figure 3 provides an exploratory visualization of the
facility-level association between positive PCR tests and
early infant testing, stratified by type of facility. The size
of the plotted observations is proportional to the number
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of total PCR tests conducted and the unadjusted regres-
sion lines are weighted by the total number of PCR
results by facility. Urban facilities tend to perform more
early PCR tests compared to rural facilities and there
is negative association between EID and positive PCR
tests—for each 1% increase in the proportion of infants
tested early, there is an 8.8% decrease in the propor-
tion of positive PCR tests. For rural facilities, each 1%
increase in the proportion of infants tested early there
was a 4.8% decrease in the proportion of positive PCR
tests. Although these directions are informative, they are
not statistically significant.

Discussion

National protocols for infant HIV diagnosis in Mozam-
bique recommend that the first PCR test for HIV-
exposed infants be conducted between 1-9 months of
age, with subsequent rapid tests between 9-18 months
for those with a negative PCR test through 9 months of
age (with a second PCR test for confirmation of positive
rapid tests) [28]. Programmatically, the MoH established
8 weeks of life as the target age for early infant diagnosis
[28].

In exploratory analysis, without accounting for each
facility’s contribution to the sample size, the overall pro-
portion of tests conducted within 8 weeks, after 8 weeks,
and proportion positive are 73.5, 26.5 and 6.5% respec-
tively. However, to account for heterogeneity in sample
size of the HFs and to be able to report confidence inter-
vals, we estimated single and pooled proportions of the
outcomes. Our exploration identified considerable heter-
ogeneity in early PCR testing across the HFs included in
this study, ranging from 15 to 81% of infants tested within
8 weeks of life and a pooled proportion of 48%. Compara-
tively, the MoH reported an average population coverage
and Manica province coverage of PCR within 8 weeks of
66 and 70% respectively, in 2018 [29]. Our lower propor-
tion might be attributable to the small sample of facilities
in our study, with stratified selection of the largest facili-
ties in each district, rather than the largest in the prov-
ince overall.

The pooled proportion of PCR tests conducted
increased to 69% when we consider both testing before
and after 8 weeks of life, implying that at least 21% of all
PCR tests were delayed beyond 8 weeks. The proportion
of tests conducted after 8 weeks is comparable with the
national average of 23% in 2018 [29]. The number of PCR
test results in our sample exceeds the number of PCR
tests performed (2,382 versus 2,366). A potential expla-
nation for this difference is that some exposed infants are
transferred to the CCR services with PCR tests already
performed in other services (e.g., postpartum, or pediat-
ric care) or other health facilities and then the results of
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these PCR tests are forwarded to the CCR services where
the infant is being followed up.

We found an overall proportion of positive PCR diag-
noses of 6%, though six facilities had greater than 10%
positive PCR tests. It is important to note that some facil-
ities with higher proportion of positive tests had a small
number of total tests, suggesting that testing may have
been prompted by symptomatic infection in some cases.
Comparatively, the national average MTCT rate for 2018
was estimated at 9.9%; however, this rate is higher for
infants tested after 8 weeks (16.9%) compared with those
infants tested within 8 weeks (7.8%) [29].

Our results suggest that the caregiver-to-population
ratio (a measure of workforce availability), glove stock-
outs and distance to the reference laboratory are associ-
ated with both EID and ever having been tested by PCR.
Catchment area size and the involvement of multiple
NGOs in the facility were associated with EID only (test-
ing by 8 weeks of life). As hypothesized, increased staffing
was associated with better performance in testing, but
not with HIV transmission, as we suspect that individual
patient-level factors continue to drive differential reten-
tion in care and ARV adherence, which in turn impacts
viral suppression and the likelihood of vertical trans-
mission [30, 31]. Counterintuitively, stockouts of gloves
were associated with higher likelihood to perform PCR.
A potential explanation for this is that having stockouts
in the pharmacy does not necessarily mean that there are
no gloves in specific services, as each service typically

maintains their own small stock [as confirmed by our
service readiness assessment (data not shown)]. In case of
stockouts, health facility managers often prioritize gloves
for priority and/or services that put health workers at
increased risk, such as services with interactions with
HIV-infected patients.

Larger facilities are frequently located close to refer-
ence laboratories, while small and rural facilities are
required to send their blood samples for processing at
distant laboratories [as confirmed by our service readi-
ness assessment (data not shown)]. Our sample had
more rural facilities than urban facilities (as is the case
throughout Mozambique, where small, rural facilities
greatly outnumber large, urban facilities), which may
explain the positive association between PCR testing and
distance to the reference laboratory. Larger catchment
areas were found to be associated with EID [30], which
is expected as larger catchment is associated with hav-
ing larger facilities to meet the population needs, closer
reference laboratories, and potentially higher likelihood
of finding suspected cases compared with facilities serv-
ing smaller catchment areas [as confirmed by our service
readiness assessment (data not shown)].

Contrary to our hypothesis, the presence of multiple
NGOs supporting the facility, compared with not hav-
ing any, was negatively associated with EID. A potential
explanation is that having multiple NGOs working in
the same location might lead to poor task coordination.
This might particularly impact smaller facilities with few
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human resources, in which an overload of administrative
tasks related to filling forms and reports for different pro-
jects may reduce available time to focus on clinical duties.

Surprisingly, facility urbanicity was not statistically
associated with any of our outcomes, likely due to the
small number of urban facilities compared with rural
facilities. However, our visual exploration in Fig. 2 sug-
gests that — overall — urban facilities tend to perform bet-
ter than rural facilities.

Some results presented here align with published liter-
ature. In 2018 the WHO estimated that globally, only 56%
of all HIV-exposed infants had access to EID by the sec-
ond month of age [32], which is similar to our findings. A
retrospective cohort study in a district hospital in Zam-
bezia, Mozambique found that the median age for first
PCR test for infants was 5 months (IQR, 2—-7 months)
and 16% among 105 infants tested positive [33]. How-
ever, this study was conducted in 2007-2008, prior to the
introduction of Option B + and significant investments to
expand PCR capacity. In Ethiopia a cohort study includ-
ing 266 exposed infants found that 41% had had a PCR
test within 6 weeks of life, and 13.2% of infants tested
positive for HIV [34].

A systematic review that assessed accessibility of ser-
vices for EID of HIV in sub-Saharan Africa, includ-
ing Mozambique, found that stockout of supplies, weak
infrastructures, inadequate human resources training
and lack of sufficient reference laboratories with PCR
capacity were ongoing challenges for delivering PMTCT
[35]. Our results support the findings of this review.

There were some limitations to our study that merit
caution in interpreting our results. First, this study was
not designed to attribute causality. Second, the results
are from a facility-level analysis and do not include
individual-level determinants of PMTCT performance
and vertical HIV transmission. Lastly, these results are
from a relatively small sample of facilities in one prov-
ince, and caution is merited in generalizing the results.
Despite these limitations, there are notable strengths of
our study: We used multiple data sources, the readiness
data was collected with a standard tool, testing data was
abstracted directly from patient registers, the study cov-
ers all districts in one province including urban and rural
facilities, and facility-level findings are useful to inform
local health managers in decision making.

Conclusion

Facility-level modifiable factors can impact the delivery
of PMTCT services. The availability of staffing, essen-
tial commodities, the size of population served, the
involvement of NGOs and distance to the reference
laboratory may influence PMTCT cascade outcomes.
Program strategies can target these determinants
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of performance as a means to improve PMTCT
performance.
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