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Abstract
Background  Cervical cancer cases are increasing in sub-Saharan Africa, particularly in Kenya, exacerbated by 
inadequate histopathology resources, posing a significant barrier to timely diagnosis and treatment. There has been 
little research on the availability and evolution of histopathology resources for diagnosing cervical cancer over the 
years. This retrospective study evaluated this evolution at Moi Teaching and Referral Hospital in Kenya between 2018 
and 2022.

Methods  We used a mixed-methods approach. An in-depth interview was conducted with one of MTRH’s pathology 
laboratory staff to assess the equipment, personnel, and quality control trends between 2018 and 2022. A thematic 
analysis was conducted in NVivo. We also retrospectively conducted a comprehensive inventory review of laboratory 
resources from 2018 to 2022 via purposive sampling. Microsoft Excel and Stata version 17 were utilized for descriptive 
statistical analysis. Turnaround time (TAT) was assessed against the UK’s National Health Service Cervical Screening 
Program guidelines.

Results  The number of histopathology laboratory personnel at MTRH increased from 2018 to 2022, during which 
the facility included two pathologists, one records person, and one office administrator. Cervical cancer biopsy 
samples processed by the histopathology lab increased from 225 in 2018 to 674 in 2022. However, the histopathology 
personnel-to-population ratio decreased from 1.5 pathologists and 2.7 histo-technicians per 100,000 in 2018 to 1.4 
pathologists and 1.8 histo-technicians per 100,000 in 2022. Despite this decrease, lab equipment, automatic tissue 
processors and embedding machines were added, and an average 14-day turnaround time was maintained for 
cervical cancer pathology reports.

Conclusions  Our study highlights a growing burden of cervical cancer with biopsy samples processed by the MTRH 
histopathology laboratory, increasing from 225 in 2018 to 674 in 2022. Despite challenges such as a declining staff-to-
patient ratio and limited resources, the lab maintained a commendable 14-day turnaround time, supporting timely 
cervical cancer diagnoses. These findings emphasize the need for continued investment in pathology resources and 
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Background
Cervical cancer is a chronic illness resulting from persis-
tent infection of the cervix by HPV types 16 and 18 [1]. 
In 2020, there were an estimated 604,127 annual cervi-
cal cancer cases globally, representing 3.1% of all cancer 
cases [2]. Approximately 84% of newly reported cases 
and between 87% and 90% of fatalities are concentrated 
in low- and middle-income countries (LMICs) [3]. These 
cases are equivalent to more than one-quarter of a mil-
lion deaths annually in LMICs due to inadequate human 
papillomavirus (HPV) vaccination programs, screening, 
and gross deficiencies in diagnostic infrastructure [2, 4]. 
In contrast, incidence rates have decreased by more than 
half in high-income countries (HICs) during the past 30 
years due to the integration of structured screening and 
diagnosis initiatives [4]. By 2030, cervical cancer mortal-
ity rates are projected to increase by approximately 25% 
in most LMICs [5]. 

Histopathology has been the clinical and scientific 
foundation for cervical cancer diagnosis and treatment 
because it plays a vital role in determining the extent of 
the abnormality [6]. Inadequate pathological resources 
for cervical cancer diagnosis can result in delayed diag-
nosis and treatment [7]. However, the shortage of skilled 
technicians and well-equipped laboratories in developing 
countries has significantly hindered the service [8–10]. 
As a result, the disease progresses, limiting treatment 
options and impeding efforts to reduce mortality [7, 11]. 
Among women with persistent low-grade abnormali-
ties, such as HPV lesions and advanced cervical cancer 
lesions, histology plays a vital role in determining the 
extent of the abnormality [6]. However, despite the criti-
cal role of pathology in various aspects of cancer care and 
control, sub-Saharan African countries have, at most, 
only a tenth of the pathology coverage compared to high-
income nations [12]. 

In sub-Saharan Africa (SSA), limited resources are 
crucial to integrated cervical cancer care [13]. A crucial 
setback to integrated cervical cancer care in sub-Saha-
ran Africa (SSA) is its limited infrastructure and human 
capacity [13]. Pathologists play a critical role in diagnos-
tics, with an estimated 95% of clinical pathways relying 
on them [14, 15]. Despite their role, they are significantly 
limited in low and middle-income countries, with only 
about 30% of patients accessing urgent pathology ser-
vices [16]. World Health Organization (WHO) reports 
indicate approximately five pathologists per 100,000 peo-
ple in HICs compared to most SSA countries, reporting 

approximately one pathologist per 1 million people [17]. 
For instance, the United States and Canada boast 6.5 and 
4.81 pathologists per 100,000, respectively, compared to 
less than two pathologists per 100,000 in sub-Saharan 
Africa [14, 15]. Due to limited pathology facilities and 
skilled human resources in many LMICs, the WHO’s 
global strategy to accelerate eliminating cervical cancer 
by 2030 seems to be a pipedream [18, 19]. 

In Kenya, cervical cancer is the second most common 
type of cancer among women after breast cancer [20, 
21]. The quality of cervical cancer pathology infrastruc-
ture and trained clinical staff varies across regions, with 
rural Kenyan health facilities reporting limited access 
[22]. Approximately 5,236 women in Kenya are diag-
nosed with cervical cancer, with an estimated 3,211 mor-
talities occurring annually [23, 24]. Previous studies have 
indicated that cancerous lesions are often detected at 
advanced invasive stages of cervical cancer, resulting in 
a protracted illness upon diagnosis due to a low patholo-
gist-to-patient ratio and skilled laboratory technologists 
and histo-technicians [8, 25, 26]. Inadequate pathological 
resources are a significant barrier to timely and accurate 
diagnosis and treatment of cervical cancer. Timely detec-
tion and prompt initiation of treatment are critical for 
effectively managing cervical cancer cases.

Specific aims
This study assessed the progression of histopathology 
resources available for diagnosing cervical cancer within 
the Moi Teaching and Referral Hospital (MTRH) histo-
pathology department between 2018 and 2022.

Study justification
The literature on cervical cancer has focused on the fac-
tors driving screening uptake and the barriers to access-
ing treatment in developing countries. However, there 
is limited research on the evolution of histopathology 
resources, such as the availability of skilled laboratory 
personnel and equipment and quality control measures 
across time. Given that cervical cancer is primarily diag-
nosed through histopathological examination of tissue 
samples, the adequacy of these services directly impacts 
the accuracy, timeliness, and quality of cervical cancer 
diagnosis and subsequent patient management. Addi-
tionally, in regions like sub-Saharan Africa, where cer-
vical cancer incidence is high, the ability to detect and 
manage the disease relies heavily on functional histo-
pathology services. Therefore, auditing these indices is 

personnel to enhance diagnostic capacity and address the rising incidence of cervical cancer in Kenya and similar 
low-resource settings. The decline in the personnel-to-patient ratio underscores challenges in diagnosis, emphasizing 
the need to address workforce and infrastructure gaps to improve patient care within similar low-resource settings.
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essential to understand the capacity of the health system 
to address the cervical cancer burden.

To address this gap, our study aimed to retrospectively 
evaluate resources at the MTRH histopathology labora-
tory between 2018 and 2022. This study’s results will 
contribute to the body of evidence supporting the signifi-
cance of histopathology resources in reducing the burden 
of cervical cancer, particularly in resource-limited set-
tings such as Kenya.

Methods
Study design and setting
This manuscript is based on primary and secondary data 
collected from MTRH in Western Kenya using a retro-
spective mixed method of qualitative and quantitative 
data. We purposively selected the MTRH due to its spe-
cialized gynecological services, higher cervical cancer 
cases, and long-standing cancer registry. The facility is 
Kenya’s second largest national hospital, located in Eldo-
ret town, North Rift area of Western Kenya. It has a bed 
capacity of approximately 1000 beds [27], and serves 22 
counties with an approximate population of 25  million 
[28], representing 47% of the Kenyan population [29]. 
MTRH, in collaboration with the Academic Model Pro-
viding Access to Healthcare (AMPATH), runs extensive 
community outreach and screening programs aimed at 
early detection of cervical cancer. These screenings focus 
on women of reproductive age and emphasize Visual 
Inspection with Acetic Acid (VIA) and Pap smears as 
cost-effective methods for early detection. These pro-
grams extend into rural communities, ensuring that 
underserved populations have access to screening.

Sampling and study population
The histopathology laboratory technologist was purpo-
sively selected for the interview, and census sampling 
was used to inventory all histopathology equipment, 
quality control measures, and personnel for the speci-
fied investigation period. The histopathology department 
head guided the recruitment of a laboratory technologist 
based on their expertise, experience, and knowledge of 
the facility’s histopathology resources over the past ten 
years.

Data collection
We informed the department of the study purpose, data 
utilization, and any effects of data collection on normal 
hospital operations. Data was collected between October 
2023 and February 2024 upon pretesting of the combined 
histopathology inventory checklist and semi-structured 
interview guide. The tool was validated by a histopathol-
ogy technician and a cervical cancer specialist and opera-
tionalized in English due to the interviewees’ proficiency. 
Upon signing an informed consent form, we interviewed 

the laboratory technician, corroborating the details with 
the histopathology inventory to capture data for the 
study period. We also utilized an observation checklist 
to document resources available in the histopathology 
laboratory. The guide comprised open-ended questions 
on three conceptual topics: (1) trained personnel were 
compared to the WHO’s Workload Indicators of Staffing 
Need (WISN) tool for laboratory staffing with a guide-
line ratio of more than two pathologists and two histo-
technicians per 100,000 people [30]. (2) Quantity and 
competence of equipment, guided by the International 
Standards Organization’s standards for medical labora-
tories, ISO 15189:2012, which recommends at least two 
pieces of each piece of equipment for critical function for 
backup purposes [31]. (3) Quality control was compared 
to the WHO’s annual quality control performance for all 
histopathology laboratories, which varied by workload 
[32]. We assessed the turnaround time (TAT) in line with 
the United Kingdom National Health Service Cervical 
Screening Program (NHSCSP) guidelines of 14 days for 
relaying biopsy tissue reports to patients [33]. 

Data analysis
Initially, we thoroughly reviewed the transcript and 
documented observations, cross-referencing them with 
inventory records. Thematic analysis was performed 
using NVivo version 14. We then revisited the transcript 
reading and re-reading to familiarize ourselves with the 
content, noting initial codes and patterns. We employed 
thematic content analysis to generate critical themes [34]. 
For this analysis, we imported a priori codes into NVivo 
and integrated them into emerging codes from the data. 
Following a process of open coding and identifying rel-
evant segments, the codes were organized into more 
focused codes and then restructured to create descriptive 
codes, capturing vital concepts and relationships. This 
coding process enabled us to refine and revise emerging 
themes through an iterative process describing trends 
and outcomes of the findings (Fig. 1) [35].

We then merged and defined each theme grounded in 
the data to provide a consistent interpretation of the data 
[36]. Using the observational notes, we corroborated and 
contrasted the themes from the transcript and the inven-
tory reports to identify patterns across the data. This 
enhanced the depth and reliability of your analysis.

Ethical approval
This study was conducted following ethical approval from 
the MTRH/Moi University Institutional (no. 0004537) 
and Brown University Institutional Review Boards (no. 
STUDY00000244). Before collecting data, permission 
was obtained from the MTRH histopathology laboratory 
department’s head. Informed consent to participate was 
obtained from all participants (laboratory technicians) 
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involved in the study. Before data collection, each partici-
pant was provided with detailed information about the 
study’s purpose, procedures, potential risks, and benefits. 
The participants were assured of their confidentiality and 
right to withdraw from the study at any time. Written 

consent was collected from all participants, confirming 
their voluntary agreement to participate. The Data Pro-
tection Act 2019, the Health Act 2017 of Kenya, and the 
United States data privacy policy were strictly followed 
during the process.

Results
Laboratory staffing
The interview highlighted key details about staffing ade-
quacy and its impact on providing quality services across 
the years at the MTRH histopathology laboratory. The 
number of personnel at the histopathology laboratory 
increased: two pathologists, one records personnel, and 
one office administrator (Table  1). Consequently, the 
number of biopsy tissues examined increased from 3000 
in 2020 to 7000 in 2022, with approximately 8% and 9.5% 
being cervical cancer biopsies, respectively.

The MTRH Records and Information Services Depart-
ment reported providing care to approximately 350,000 
and 500,000 patients annually between 2018 and 2022. 
Comparing the patient population to the laboratory 
staff, the histopathology personnel-to-population ratio 
decreased from 1.5 to 1.4 for pathologists (Figs.  2) and 

Table 1  Pathology personnel at the MTRH histopathology 
laboratory

2018 2019 2020 2021 2022
Pathologists 5 5 6 7 7
Lab technologists 9 9 9 9 8
Records 
personnel

0 0 1 1 1

Office 
Administrators

1 1 2 2 2

Lab assistants 1 1 1 1 1
Total number of 
specimen

2490 2970 3000 7100 7090

Number of cervi-
cal samples

225 215 240 500 674

MTRH patient 
census

331,036 393,594 397,399 507,502 493,780

*The pathologist and histotechnician-to-patient ratio was computed by 
dividing the respective personnel’s number by the total number of inpatients 
and outpatients each year

Fig. 1  Flow diagram of emerging themes from the interviews and inventory
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2.7 to 1.8 for histo-technicians (Fig.  3) per 100,000 in 
2018 and 2021, respectively.

Histopathology equipment
The interview highlighted that all the equipment acquired 
at the commissioning of the histopathology laboratory in 
2012 were manually operated. However, over the years, 
the facility added laboratory equipment such as an auto-
matic microtone, automatic tissue processor, embedding 
machine, and immunohistochemistry machine (Table 2).

However, we noted a diminished capacity in early 2020 
when a microtone machine broke down, so we reverted 
to using the manual machine acquired in 2012 for about 
a year (Table  2). However, the hospital eventually pur-
chased another in 2021. This likely impeded the efforts of 
biopsy tissue examination.

…The AMPATH Cervical Cancer Program donated 
an automatic microtome in 2018, which we used 
until early 2020 then it malfunctioned due to over-
load. The hospital eventually replaced them with 
two new ones in 2021.

The interviewee emphasized the need for automatic 
backup equipment for histopathology examinations, 
noting that manual equipment were prone to measure-
ment errors when processing high workloads. Addition-
ally, the staining of tissue slides is performed manually 
using standard histological stains such as hematoxylin 
and eosin (H&E). This process is routinely employed for 

diagnostic purposes in cervical cancer and other patho-
logical conditions.

“Immunohistochemistry… Yes, but we like backup 
machines so that in case of a breakdown, we don’t go 
back to manual types that are prone to many errors. 
So going forward, we would be comfortable when we 
get automatic backups.”

Quality control and measures
The MTRH histopathology laboratory was registered for 
external quality assessment (EQA) in 2018 and imple-
mented throughout the study period (Table 3). The EQA 
program permits laboratories to determine the accuracy 
and precision of their equipment by testing samples with 
known characteristics such as concentration levels and 
other physical properties.

The MTRH Department of Biomedical Engineering 
evaluates all pathology equipment, personnel standards, 
and laboratory quality annually.

“…an annual evaluation for all equipment in the 
laboratory is done by the Department of Biomedi-
cal Engineering…. Equipment servicing is performed 
annually by those given the contract to supply this 
equipment.” “…Over 80% of biopsy specimen results 
are obtained in 14 days.” (Table 3).

Fig. 2  Bar graph showing the evolution of pathologist-patient ratio
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Discussion
Our study revealed a progressive increase in pathology 
personnel, equipment, and cervical cancer biopsy sam-
ples at the Moi Teaching and Referral Hospital histopa-
thology laboratory across the investigated period. These 
findings offer profound insights and aim to improve cer-
vical cancer diagnostics at MTRH and hospitals in simi-
lar settings.

Evolution of pathology resources at the MTRH 
histopathology laboratory
Our study demonstrated that between 2018 and 2022, 
cervical cancer biopsy samples processed by the histopa-
thology lab increased from 225 in 2018 to 674 in 2022. 
This surge reflects both the increasing demand for cervi-
cal cancer screening services and the growing burden of 
the disease. Despite the increase in demand, the lab expe-
rienced a decline in the personnel-to-patient ratio, from 
1.5 pathologists and 2.7 histo-technicians per 100,000 
in 2018 to 1.4 pathologists and 1.8 histo-technicians in 
2022. This reduction highlights a disparity between the 
growing workload and available personnel, likely impact-
ing the lab’s capacity to handle the rising cases effectively. 
This finding is consistent with other studies that reported 
a low pathologist-to-patient ratio in SSA patients [5, 
14, 15]. Limited personnel impede the performance of 
laboratory tasks in many SSA countries [5]. Studies sug-
gest that low personnel ratios, like those observed at 
MTRH, are insufficient to meet the diagnostic demands 
of patients in sub-Saharan Africa, where the burden of 
cervical cancer continues to rise. Abdulkareem et al., 
[37], reported that most countries in SSA have an average 
ratio of 0.1 pathologists per 100,000 people, but our study 
revealed a higher number of approximately 1.4 patholo-
gists per 100,000 people in 2022.

Our results revealed a lower pathologist-patient ratio 
than most HICs, aligning with other studies that have 

Table 2  Inventory of equipment
2018 2019 2020 2021 2022

Cytology centrifuge (manual) 1 1 1 1 1
Automatic tissue processor 1 1 1 2 2
Embedding machines 1 1 1 1 2
IHC machine 1 1 1 1 1
Microtones 2 2 1 2 2

Table 3  Histopathology laboratory quality control
2018 2019 2020 2021 2022

Quality 
checks

EQA Done EQA 
Done

EQA 
Done

EQA 
Done

EQA 
Done

Referrals Mostly 
lymphomas

Only 
Upon 
request

Only 
Upon 
request

Only 
Upon 
request

Only 
upon 
re-
quest

Turnaround 
time

14 days 14 days 14 days 14 days 14 
days

Ref: According to the NHSCSP Guidelines, the TAT from the date the sample is 
taken to when the patient receives the biopsy report within 14 days

Fig. 3  Bar graph and stacked bar chart showing trends in the histo-technicians: patient ratio
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reported a high 6.7 pathologists per 100,000 people, such 
as the United States and Canada [17]. Our findings are 
lower than those from the WHO WISN guideline tool 
for laboratory staffing, which recommends more than 
two pathologists and histo-technicians per 100,000 peo-
ple. This shortage likely challenged bridging the growing 
demand for histopathology services between 2018 and 
2022 [30]. Research indicates that low staff proportion 
enables only 30% of patients to access urgent pathology 
services [16, 31]. 

Despite adding histopathology equipment over five 
years, most of these malfunctioned due to overload. 
Our study identified a persistent challenge of relying 
on manual backup equipment, mainly for immunohis-
tochemistry machines and centrifuges. Studies have 
shown that dependence of histopathology on manually 
operated equipment can lead to measurement errors, 
resulting in increased turnaround time and decreased 
efficiency in processing specimens [38, 39]. These short-
ages place the MTRH histopathology laboratory below 
the required medical laboratories’ standards of the 
International Standards Organization (ISO 15189:2012) 
benchmark [31]. While these findings are consistent with 
studies performed in 30 sub-Saharan African countries 
in 2016 reporting a shortage of laboratory equipment, 
the histopathology lab maintained a 14-day turnaround 
time (TAT), meeting international standards [40]. This 
TAT period and the implementation of annual evalua-
tion quality control measures closely align with the UK 
National Health Service Cervical Screening Program 
(NHSCSP) guidelines of 10–14 days [33]. Despite the 
significant increase in cervical cancer screening and the 
rising number of biopsies processed between 2020 and 
2022, maintaining this TAT is noteworthy. This mirrors 
the laboratory’s effective management of its processes 
over time to ensure timely diagnoses despite the high 
number of tissue biopsies reported between 2020 and 
2022. Ensuring a 14-day TAT helps improve cervical can-
cer outcomes by facilitating earlier intervention, reducing 
patient anxiety, and contributing to better public health 
outcomes [41]. 

However, the manual equipment and frequent malfunc-
tions of automated equipment likely posed obstacles to 
efficiency, especially given the increased workload from 
cervical cancer biopsies. This reflects the broader chal-
lenge faced by many low- and middle-income countries 
(LMICs), where equipment shortages hinder the ability 
to provide timely and accurate diagnoses, exacerbating 
the burden of cervical cancer. As reported by Thomas 
et al. [13], adequate pathological resources are vital in 
ensuring early detection of cervical cancer in the cur-
able stage. However, according to our study, Kenya, like 
many low- and middle-income countries (LMICs), faces 
a significant scarcity of diagnostic pathology facilities and 

staff. [13] This shortage exacerbates the cervical cancer 
burden, as delayed diagnoses result in advanced-stage 
presentations, reducing the likelihood of successful treat-
ment and survival. Additionally, staff shortages often lead 
to burnout and diminished quality of service, which fur-
ther impacts the timely diagnosis of cervical cancer cases 
[5]. These shortcomings highlight the persistent dispari-
ties in histopathology equipment inventories between 
LMICs and HICs.

Strengths and limitations of the study
The strengths of this study include the use of mixed 
methods for retrospective data analysis to assess the his-
topathology laboratory inventory and the use of parallel 
interviews to corroborate the information for robustness. 
Using five years of data provided a holistic understand-
ing of the evolution of laboratory capacity, offering a 
nuanced and comprehensive understanding of develop-
ment over time. One limitation of this study is the reli-
ance on a single interview with laboratory staff, which 
may introduce interviewer bias; however, cross-refer-
encing the pathology laboratory inventory records was 
essential for confirming the information and ensuring 
comprehensive data analysis. To enhance the robustness 
of future research, we recommend conducting longitu-
dinal cohort studies that track patients over time [42]. 
This study did not specifically address the availability and 
regular supply of consumables and reagents necessary 
for routine histology work, including Hematoxylin and 
Eosin (H&E) staining. This aspect is crucial as it directly 
impacts the consistency and quality of diagnostic ser-
vices, even in well-equipped laboratories. Future studies 
should consider assessing the availability of these critical 
resources as part of the overall evaluation of histopathol-
ogy services.

Conclusions and recommendations
Our study underscores the critical role of histopathol-
ogy resources in diagnosing cervical cancer. It highlights 
the persistent challenges faced by MTRH in meeting 
the demand for cervical cancer screening and diagnosis. 
While the laboratory has seen an increase in cervical can-
cer biopsy samples processed across the years, the decline 
in personnel-to-patient ratios and reliance on malfunc-
tioning or manual equipment constrain its capacity to 
deliver timely and accurate diagnoses. Despite these 
limitations, the lab maintained a commendable 14-day 
turnaround time, reflecting efforts to optimize processes 
under challenging circumstances.

These findings call for urgent intervention by the 
Kenyan Ministry of Health and other stakeholders to 
address workforce shortages, upgrade histology equip-
ment, and integrate automation to improve diagnostic 
efficiency. A holistic approach to resource allocation is 
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essential, emphasizing the need to strengthen infra-
structure and expand training programs to increase per-
sonnel to meet the rising demand for of the population. 
By bridging these gaps, Kenya and similar LMICs can 
enhance their capacity to provide timely and effective 
cervical cancer diagnosis, ultimately improving treat-
ment outcomes and reducing disease burden.
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