

















Table 2. Quantity of the Collected Samples in the Minimally Invasive Tissue Sampling Procedures and Quality of the Produced Histological Slides in 4 of

the Child Health and Mortality Prevention Surveillance Network Sites

Quantity of the Samples

Quality of the Slides

Site No Sample Scant Suf cient Abundant Not Evaluable Poor Acceptable Excellent
Bangladesh 1 (4) 6 (24) 15 (60) 3(12) 0 (0) 1 (4) 17 (68) 7 (28)
Kenya 3(12) 1(4) 8(32) 13 (52) 0 (0) 0 (0) 19 (76) 6 (24)
Mali 4 (16) 8 (32) 9 (36) 4 (16) 1(4) 10 (40) 14 (56) 0 (0)
Mozambique 3(12) 1(4) 9 (36) 12 (48) 0 (0) 1(4) 23 (92) 1(4)
Total (n = 100) 11% 16% 41% 32% 1% 12% 73% 14%

Data are presented as No. (%) unless otherwise indicated. Twenty- ve digitized slides were randomly chosen for each site (n = 100 slides).

The quantity of the samples is categorized as (1) no sample (no targeted tissue identi ed); (2) scant (small specimens measuring in total <10 mm in length); (3) suf cient (specimens meas-
uring in total 10-30 mm in length); and (4) abundant (specimens measuring in total >30 mm in length).

The quality of the slides is categorized as (1) not evaluable (slides of poor quality, completely preventing evaluation); (2) poor (evaluable, but showing marked artifacts hampering the evalu-
ation; (3) acceptable (presence of artifacts that do not impair the histological evaluation); and (4) excellent (slides of good quality with no artifacts).

scanned locally with the Hamamatsu scanner and uploaded
into the central server located in Atlanta. Results from the
period November 2016-June 2018 are shown in Table 2. The
Ethiopia and Sierra Leone sites had not started MITS specimen
collection when this study was prepared and consequently have
not been evaluated. South Africa was not included either in
the evaluation, as the slide scanner had not been installed yet.
Overall, 73% of the tissue samples obtained in the sites were
sufficient or abundant in terms of quantity of targeted tissue
and 87% of the slides were acceptable or excellent in terms of
quality of the histological processing. Examples of the quality
of the samples and of the histological processing using remote
evaluation of the scanned slides are shown in Figure 4.

Eleven of the 24 participants attending the training courses
(46%) answered the satisfaction survey. Overall, 9 of 11 par-
ticipants who answered the test were very satisfied with the
training received and 2 of 11 were satisfied, regarding the course
contents, professors/teaching, and organization of the courses.
The mean score for the MITS method and for laboratory tech-
nique was 4.6 and 4.9, respectively.

DISCUSSION

Staff training is an important component of any scientific pro-
ject and is particularly necessary in projects focused in LMICs,
where the number of trained personnel is limited and capacity

Figure 4. Representative photos of the scanned histological slides from different study sites. A and B, Excellent quality of the histopathological slides. C an

nical quality of the slides (extensive blurry areas hampering the evaluation).
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building is more needed. However, most studies fail to docu-
ment the contents of the training or to evaluate and report
on its effectiveness. This training program is the one of the
few large-scale initiatives focused on the specific postmortem
sampling skills, including laboratory technique and diagnostic
pathology training. Importantly, the program includes also a
preparatory phase and accompanying training components.
Previous initiatives that have included such a component, such
as the training and quality control program of the Malaria in
Pregnancy Consortium [14-17], conducted by our training
team at ISGlobal, have not reported the results in detail. Other
large-scale studies in low-resource settings are mainly focused
on clinical standardization and training, with limited or no
training specifically targeted to laboratory technicians and
pathologists [18, 19].

Overall, the MITS specimen collection and pathology
training program achieved a satisfactory level of standardi-
zation and staff training within and across the study sites, de-
spite challenges including logistics, language differences, and
intersite variation in the staff performing MITS procedures.
Interestingly, 73% of the samples were sufficient or abundant in
terms of quantity of targeted tissue and 87% of the slides were
acceptable or excellent in terms of quality of the histological pro-
cessing. However, some differences between sites were observed
(Table 2). These differences are expected to diminish with time
and as monitoring visits, specifically designed to minimize the
variation across the sites, are conducted. The training effect was
evident in our study and we observed laboratory capacity and
diagnostic and technical skills improving rapidly. Some of the
laboratories with limited prior experience in similar studies,
such as the Kenyan and the Mozambican teams, became excel-
lent performers. One of the main advantages of the MITS pro-
cedure is its simplicity, as it requires only a limited knowledge
of anatomy and no specific skills in pathology or autopsy tech-
nique. Consequently, it can be performed by physicians, nurses,
or other health professionals with no specific background in
pathology. The main limitation of the tool is the potential of
missing focal lesions, as the technique is designed to be per-
formed in a blinded manner, and the possibility of insufficient
tissue or fluid sampling, as in case of stillbirths. On the other
hand, the current procedure is still excessively time-consuming
and expensive for many local facilities, which hampers its rou-
tine implementation in resource-limited sites. In this regard, a
simplified technique, involving an even more limited sampling
than the conventional MITS approach, could contribute to the
scale-up of MITS in rural high-mortality areas.

The CHAMPS site upgrading and capacity-building pro-
gram has a number of strengths. Currently, both Maputo and
Barcelona training sites have adequate facilities for training,
including classrooms, autopsy room, and multiviewer teaching
microscopes. Regular autopsies conducted in both hospitals
offer excellent opportunities for practicing with real cases.

Additionally, both teams are committed and have substantial
experience in the technique and are able to solve most of the
problems raised by the trainees. Finally, the implementation of
a whole slide imaging scanner allows remote monitoring of the
quality of the specimens and/or the histology technique. The
implementation and utility of this equipment are discussed in
detail by Martines et al elsewhere in this supplement.

Obviously, we faced challenges in this complex study involving
diverse research sites. One of the main challenges of the training
program has been the need of rescheduling the activities due to
a variety of problems (eg, delays in improving laboratory struc-
ture, difficulties in obtaining the visas by the local personnel),
which requires flexibility by the training teams. Language bar-
riers, particularly with histology technicians, have also been
occasionally encountered. Occasionally, the qualification of the
participants was not adequate to the training objectives of the
course (eg, pathologists attending the course on histology tech-
nique). Furthermore, training represents a significant workload
for the Mozambican team, short of pathologists and technical
staff, who frequently have to reschedule their routine clinical
and teaching tasks, because of the training activities.

A future opportunity for the training program is to con-
duct part of the training through online courses, utilizing pre-
viously recorded video clips, webinars for online discussions,
and quizzes of virtual slides and other course material. This
approach would reduce the travel expenses and organizing ef-
forts, limiting in-person training days only to acquire practical
skills, mostly conduction of MITS and handling/processing of
collected specimens.

Unfortunately, pathology services in LMICs are scarce and
the existing facilities face serious daily difficulties including
inadequate infrastructure, lack of quality standards, insuffi-
cient human resources, and inadequate training [12]. Scientific
projects may not have the long-term desirable effect, if these
unsolved difficulties persist in time, hampering the implemen-
tation of new techniques and projects. Thus, it is urgent to find
solutions to all these barriers to ensure future implementation
and successful long-term effect of our training program [13].
The CHAMPS project has addressed some of these limitations.
The project has upgraded the local laboratories when needed,
providing technical support for instrumentation and supply of
reagents to guarantee not only the adequate technical processing
of the project samples, but also helping to maintain the routine
clinical activity of the health centers participating in the study. In
addition, the project has supported stable internet connection,
crucial to maintain the quality assurance and to provide con-
tinuous training of the pathologists involved in the study. The
project has designed and implemented a training plan aiming
not only at guaranteeing the proper performance of the MITS
procedure, but also to help the medical and technical staff to im-
prove their technical and diagnostic abilities, one of the main
limitations in LMICs [12]. Finall, CHAMPS has provided
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standardized procedures and has established the necessary
quality control of these implemented procedures in the project.
We hope that the methods, results, and challenges/lessons
learned from the CHAMPS training program will be useful
for other large-scale studies focusing on mortality in LMICs.
As well as providing confidence in the CHAMPS methods, our
experience indicates that multisite studies requiring good lab-
oratory equipment and human resources can be undertaken at
research sites with limited prior experience and equipment.
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