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Abstract
Background: Many sub-Saharan African patients receive clinical 
care from extramurally-supported research and surveillance. Dur-
ing the COVID-19 pandemic, pausing these activities reduces pa-
tient care, surveillance, and research staff employment, increasing 
pandemic losses. In Oyo State, Nigeria, we paused a multi-country 
invasive salmonellosis surveillance initiative and a rural clinical bac-
teriology project.
Objective: Working with research partners raises health facility con-
cerns about SARS-CoV-2 transmission risks and incurs infection pre-
vention costs, so we developed and implemented re-opening plans 
to protect staff and patients and help health facilities deliver care. 
Methods: Our reopening plan included appointing safety and per-
sonal protective equipment (PPE) managers from existing project 
staff cadres, writing new standard operating procedures, implement-
ing extensive assessed training, COVID-19 testing for staff, procuring 
and managing PPE, and providing secondary bacteraemia blood 
culture support for COVID-19 patients in State isolation facilities. 
Results: Surveillance data showed that the pandemic reduced care 
access and negatively affected patient unsupervised antibacterial 
use. The re-opening plan repurposed human and material resources 
from national and international extramurally-supported programs 
to mitigate these effects on public health.
Conclusions: A structured reopening plan restarted care, surveil-
lance, and infection prevention and control.
Keywords: Essential services, Blood culture, COVID-19, Surveillance
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INTRODUCTION

Infectious disease outbreaks can be disruptive
to health care (1). Among other things, the
COVID-19 pandemic has interrupted HIV and

tuberculosis diagnosis and care, blocked access
to essential maternal and child health programs,
grossly curtailed access to surgery and threatened
global polio eradication (2-5). The World Health
Organization (WHO) has emphasized the need
to keep basic health services running during the
pandemic (6) and there is a pressing need for
best-practice templates for restoring essential ser-
vices in resource-limited settings, without placing
clients and health care delivery staff at risk (7).
Additionally, COVID-19 infections may occur in in-
dividuals with other infections and/or predispose
patients to common endemic diseases (8). There-
fore, mutually supporting systems for COVID-19
and endemic infection care need to be established
or reopened.

We perform extramurally-supported bacteraemia
research and surveillance in collaboration with
local hospitals and a primary health care centre
in Ibadan metropolis, as well as a remote rural
facility in nearby Ibarapa Central local government
area, both in Oyo State, Nigeria. Our collaboration
provides patient-participants with free diagnostics
and covers overheads for blood culture and other
diagnostics that support care for patients not en-
rolled in research. All our research and surveil-
lance activities halted early in COVID-19 pan-
demic because of safety concerns. The potential
for research-focused activities to disrupt caregiv-
ing in a pandemic must be acknowledged and aca-
demics have been critiqued as being ill-suited to
mount suitable and effective pandemic responses
in at least some settings (9). We describe here steps
taken by our research and surveillance teams, in
consort with health facilities we work with, and the
challenges met and overcome, towards re-opening
our services and supporting health care delivery.
We also provide data pointing to the importance
of ensuring continuity of care in our low-income
setting where access to healthcare is difficult and
antimicrobial misuse therefore common.

MATERIALS AND METHODS

Training and SOP development

The COVID-19: Effective Nursing in Times of Crises
course offered online by John Hopkins University
(JHU) on the FutureLearn® platform https://ww
w.futurelearn.com/courses/effective-nursing-in-t
imes-of-crisis was taken by the projects’ principal
investigator and a pandemic safety officer, who
was selected for this responsibility from among
existing research associates. The course outlines
the nursing response to challenges posed in the
wake of COVID-19 and provides guidance for
facility management in epidemics. Thereafter,
the principal investigator, safety officer and two
personal protective equipment (PPE) managers
undertook training courses on Occupational Safety
and Health Administration (OSHA) https://w
ww.oshatrain.org/courses/mods/709e.html and
Infection Prevention and Control (IPC).

Standard Operating Procedures (SOPs) for oper-
ation in a pandemic were written/revised by the
safety officer with input from other team members
after which it was reviewed and approved by a
Consultant Clinical Microbiology co-investigator
and the principal investigator. The SOP detailed
workplace general requirements, health screening,
hygiene at the workplace, and regular cleaning of
the offices. It also contains precautionary mea-
sures for shared workspaces and common areas,
and at entry and exit of office premises. It speci-
fied precautions to be taken by each work cadre,
including research assistants/associates and re-
search clinicians, phlebotomists, laboratory staff,
cleaners and dispatch riders. The SOP also detailed
minimum PPE requirements.

Supplementary information The online version
of this article (Tables/Figures) contains supple-
mentary material, which is available to authorized
users.
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A protocol was additionally developed in collab-
oration with Oyo State isolation facility personnel
for providing blood culture services to COVID-
19 patients with suspected secondary bacteremia,
which was sent for ethical review and approval.

After training and protocol development, project
staff were invited to a three-hour in-person course
with resource persons from the Oyo State COVID-
19 Task Force to prepare for the reopening. An in-
house test was then administered online and the
results demonstrated that additional training was
necessary. Reopening was, therefore, put off and
staff were required to take a free online Infection,
Prevention and Control for COVID-19 course h
ttps://elearning.ncdc.gov.ng/courses/infection-
prevention-and-control-for-covid-19/, which at
the time was newly offered by the Nigeria Centre
for Disease Control (NCDC), includes assessment
and offers certification. It is available free online,
with registration. Staff were also required to
comply with pandemic training and procedures at
individual health facilities at which they worked.

COVID-19 t esting

We requested that all frontline staff, and those they
would work with directly, be tested for COVID-19
before resumption. Testing was done via the Oyo
State COVID-19 Emergency Operation Centre at
no charge to the project or staff members, using
Nigeria’s required RT-PCR protocols at one of the
two designated test centres in Oyo State.

Indicators of patient access to care and avoidance
of health facilities

The impact of the pandemic on patient access to
care after reopening was estimated by comparing
August-September 2020 study enrollment num-
bers for typhoid surveillance in Ibadan to the same
months for 2017-2019. August and September are
typically low-yield months for invasive Salmonella,
the primary target of our Ibadan surveillance, but
they were chosen because they were the first two
full months of our operations after resuming. We
estimated antimicrobial pretreatment as an indi-
cator of hospital avoidance by comparing bacter-
aemia yield and Gram-positive bacteria propor-
tion, both of which are lower in patients who have
taken antimicrobials prior to blood culture sample

collection. In addition, the Urotest® kit was used
to detect antimicrobial activity in the urine of a
subset of patients.

RESULTS

Training, assessment and protocols for reopen-
ing

The JHU course ‘COVID-19: Effective Nursing in
Times of Crises’ was advertised as a learning tool
for health workers, particularly nurses. It provided
information for facility-level IPC management and
other oversight for health care delivery in the
pandemic. Important learnings for our research
programs were: the need to explicitly delegate
pandemic responsibilities to appropriately trained
staff members, to provide clear safety training and
information to all staff, to verify that training or
information was understood, and to provide all
safety and other pandemic protocols in writing.
The course also emphasized use of local data to
inform local response and the need to watch for
mental health issues that could arise in staff work-
ing during a pandemic.

As recommended by the JHU course, we desig-
nated one research associate –with a background
in biological science and public health– as pan-
demic safety officer and gave her full authority and
responsibility to place pandemic-related concerns
over any operational ones. She reports directly
to the PI. We additionally appointed, again from
within the cadre of existing research associates,
two officers to manage PPE stocks and monitor
donning and doffing of PPE by frontline work-
ers. These officers undertook, in addition to IPC
training required of all staff, a PPE training course
offered by the United States Occupational Safety
and Health Administration and were additionally
trained to deputize for the safety officer whenever
necessary. The PI, laboratory manager and safety
officer performed daily monitoring of local pan-
demic status via the NCDC and Oyo State Taskforce
websites and social media updates.

Based on course training, current WHO and NCDC
directives, and in consultation with other team
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members, the PI and safety officer mandated dis-
tancing requirements, IPC and other precautions,
including minimal PPE requirements that would
mitigate the risk of occupational SARS-CoV-2 in-
fection in the health facilities in which we work. All
these regulations were incorporated into the SOP,
which was provided in writing to all staff members.

Procuring scarce PPE was the major determinant
for resuming services: reopening was scheduled
for a week after the anticipated delivery of the
last PPE component. Thereafter, we continued to
scope for PPE in order to keep procurement 2-4
weeks ahead of health facility activities.

In-house training gratuitously provided by the Oyo
State COVID-19 Task Force included an overview of
COVID-19; IPC as well as care, management, and
s practical training in donning and doffing PPE.
Median score on the post-training assessment was
73% and only 9 (33.3%) of 27 trainees attained
the 80% passmark considered as indicative of suf-
ficient knowledge. Among the findings from the
assessment were that the specific uses, disinfec-
tion/ disposal protocols and limitations of differ-
ent types of PPE were not sufficiently understood
to make for correct decision-making on the job
(Supplemental Table 1). Furthermore, whilst the
assessment showed that staff completely under-
stood the mode of transmission of the virus and
the risk it posed to life and health, their respon-
sibility in ensuring distancing and self-isolation
when necessary were not entirely appreciated.

Based on our evaluation of the assessment re-
sults, we considered that more in-depth train-
ing than a single three-hour course was required.
We therefore asked staff to complete what was
then a new self-paced online course offered by
the NCDC, which includes its pre- and in-course-
assessments. Five staff scored <80% on the NCDC
pretest, validating the need for the course. The
NCDC course covered, in more detail, the nature
of COVID-19, the mode of SARS-CoV-2 transmis-
sion and how to break the transmission chain,
the screening for COVID-19 and patient triage, the
standard IPC and transmission-based precautions
and hand hygiene, the use of PPE, the need for sur-
face and environmental cleaning and waste man-

agement, and essential health facility administra-
tive, environmental and engineering controls and
IPC in the COVID-19 context.

All staff took the NCDC course and those who
scored under 80% on the in-house test were re-
quired to obtain certification before beginning
work. Overall, this necessitated a two-week re-
opening delay. Staff took 5-14 days to complete
the self-paced course. The safety officer conducted
monthly refresher training on IPC and other pan-
demic precautions.

COVID-19 testing and workflow re-organization

A testing plan was deemed essential for reopening
and considered that 27 staff in need of testing
would not overburden the state’s constrained test-
ing system. Research assistants that enrol patients,
research clinicians, phlebotomists, laboratory staff
and their data tech support personnel were tested.
Three of the 27 (11.1%) apparently healthy per-
sons, all of whom would have had patient contact
responsibilities, tested positive. From that point,
staff who did not test negative,r reported symp-
toms or were contacts of anyone testing positive
could only resume work after at least two weeks’
isolation and a negative test. Contacts of staff test-
ing positive were also tested. Daily temperature
checks were instituted and only staff resuming
with temperature less than 37.5◦C were allowed
workplace access.

We initially resumed activities at only half of our
enrollment points. Staff with health conditions
that placed them at higher risk of severe COVID-
19, or who were responsible for at-home elder-
care, were assigned telephone and data tasks to
work from home until they could be vaccinated.
Staff without these restrictions, but who could ef-
fectively perform their duties remotely (such as
data officers), were also asked to work from home
to reduce workplace occupancy and the risk as-
sociated with public transport commuting. 60%
of the remaining staff were assigned to frontline
clinical or laboratory work, four staff were given
pandemic-support-related positions (one safety
officer, two PPE management staff and an iso-
lation facility liason officer) and the rest asked
to perform telephone-based or data tasks from
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home and to remain on call should a frontline
staff member call in sick or exposed. Our original
plan was to have staff working from home com-
plete extensive study and surveillance forms by
telephone once consent and initial paperwork had
been covered by frontline staff to reduce contact
time of the latter with patients. However, this did
not work because the staff at the entry points
had fewer clients, which gave them time to com-
plete the forms themselves and leverage the initial
rapport developed while getting their consent at
the time of patient enrollment. Staff working from
home were therefore under-employed, motivating
us to reopen two more enrollment points. How-
ever, we maintained some remote-working staff
as this provided flexibility to encourage staff with
symptoms to stay home. In the course of our
operations, symptomatic staff repeatedly tested
positive, prompting program-wide testing and, in
two instances, temporary closures (Figure 1). All
symptomatic infections were mild or moderate.
Two staff with mild infections but high viral loads,
as determined by low cycle thresholds at testing,
were admitted to isolation facilities. Frontline staff
were rotated on/off once a month and incoming
front-liners were re-tested and provided refresher
IPC/pandemic protocol training. All staff with pa-
tient contact were fully vaccinated with Oyo State
Health workers as at the end of June 2021.

Appropriate PPE was provided to all research
and facility staff (Figure 2) working at enrollment
points and disposable facemasks given to patients
or patient accompaniers that did not have them.
The project office was surface-disinfected twice
daily, deep-disinfected before reopening and af-
ter any occupant tested positive, and used for
extended periods only by the program manager
and safety/PPE officers. Other staff were requested
to go home when not staffing enrollment points.
Staff, collaborating investigators, vendors and dis-
patch riders who needed to access office or labo-
ratory facilities were required to implement hand-
hygiene protocols, be masked and to sign in and
out. In the rural Ibarapa laboratory, where traffic
to the lab is slower, staff were asked to sit dis-
tanced on the verandah outside between sample
handlings instead of around the single desk within

the small laboratory.

PPE procurement, management and use

Nigeria rapidly saw drastic increases in cost and
steep declines in the availability of PPE at the start
of the pandemic, leading us to build re-opening
plans around PPE procurement and stock manage-
ment. PPE donations available within the country
were prioritized for COVID-19 identification and
care and use in government facilities and could
therefore not be appropriated for research pur-
poses.

As shown in Table 1, the price per surgical mask
was the equivalent of US$ 0.16 before the pan-
demic but rose to US$ 0.76 in July 2020 in the
domestic market. There was a 20% increase in
the cost of safety boxes but N95 respirator masks,
KN95 respirator masks, disposable gloves, biohaz-
ard bags, goggles, medical face masks, and infrared
thermometers experienced 20 to 7000% cost in-
creases. The pandemic also necessitated the use
of other PPE, including full PPE and face shields,
which were also procured at prohibitive rates. Pur-
chase of PPE to protect our staff and collaborat-
ing facility health care workers was a significant
budgetary stressor representing 52% of non-salary
expenses in the six weeks following reopening. To
get around scarcity and high pricing, we sought to
procure in countries where we have research col-
laborators (specifically the Republic of Korea and
the United Kingdom) but, due to export moratoria,
we were unable to procure internationally until
after August 2020. Once export restrictions were
lifted, procurement of masks from the Republic of
Korea and gloves, aprons, face-shields and respi-
ratory masks from the UK took over seven weeks
each.

Altogether, we initailly sought PPE locally from
seven local vendors, two of which were eventually
able to fill a PPE order of 100 pieces or more.
Procuring respirator masks for those involved in
direct patient care was most challenging and we
eventually settled for accepting a mix of N95,
KN95 and FP2/3 masks, according to availability,
which extended the nature of, and time needed
for, training on proper PPE use. Additionally, be-
cause the variety of sources, purchased materials
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had to be individually inspected and revealed that
different respiratory grade masks (N95 catalogue
number 8210 and vented 8810SSA) were some-
times repackaged together within N95 boxes. We
were also not able to procure more than thirty
disposable gowns. We, therefore, commissioned
32 reusable tailored gowns, which we doffed into
detergent and bleach and then washed and recy-
cled by a medical laundry service (Figure 2). This
option had the advantage of reducing PPE disposal
needs, which was also beginning to overwhelm our
cooperating health facilities.

To enhance hand hygiene, we instituted a supple-
mental hand hygiene station at the entry of our
offices and facilities we work with also made sim-
ilar provisions at enrollment points. We also gave
our staff bottles of hand sanitizer to carry on their
person and placed additional bottles at strategic
points in project work-spaces.

Impact on care

As at 15 September 2021, the NCDC COVID dash-
board (https://covid19.ncdc.gov.ng/report/) indi-
cated that 96,460 (48.1%) of 201,630 laboratory-
confirmed COVID-19 cases in Nigeria were de-
tected in Lagos State and the Federal Capital Terri-
tory, Abuja. Oyo state was however affected early in
Nigeria’s epidemic curve with prominent upswings
in all three waves, and as at 15 September 2021,
with 8,598 cumulative cases was the state with
the sixth-largest cumulative number. As shown in
Figure 1, Nigeria has seen three epidemic waves.
Based on the drawn-out epidemic curve in our
locality and worldwide, waiting for the epidemic
to abate would have denied too many people non-
COVID-19-related care.

In August 2020, when we reopened service in the
pandemic, we enrolled a total of 61 suspected
bacteremic patients at the Ibadan health facilities,
compared to over 100 in the month of August
in previous years, suggesting that fewer patients
meeting enrollment criteria for surveillance were
reaching our health facilities. Rates were compara-
tively low in September (Table 2).

In Nigeria, patients are known to seek low-cost care
close to home, often from unsanctioned providers,
only visiting hospitals and other formal health

facilities when self-medication with unprescribed
antibiotics does not address their ailments. For this
reason, we performed a urinalysis for antimicro-
bial inhibitors in a proportion of patients enrolled
in surveillance. As Gram-positive organisms are
susceptible to a broader range of antimicrobials,
recovery of these organisms is most likely to be
impacted by enrollee’s antimicrobial pretreatment.
We examined our retrospective data for blood cul-
ture yield, the proportion of the blood culture
yield that is Gram-positive and the proportion
of enrollees that have antimicrobial inhibitors in
their urine. The data shown in Table 2 indicates
that pretreatment was particularly marked in pan-
demic months August–September 2020 compared
to the same months in 2017 and 2018. We, however,
noted that the August to September indicators of
antimicrobial pretreatment were similar in 2019
for reasons that are not entirely clear but could be
linked to preceding industrial actions in the health
sector.

We instituted a protocol for safe blood culture from
patients in COVID-19 isolation facilities with sus-
pected secondary bacteremia. We began to offer
this service in late August 2020 and have been
able to support management of 32 suspected sec-
ondary bacteremias at COVID-19 treatment facili-
ties.

DISCUSSION

Routine clinical services and research activities
that provide clinical care have, in many cases, been
downsized or discontinued during the COVID-19
pandemic because of the overall burden of health
care work and risk of hospital-acquired infections.
Providing ancillary services during a public health
emergency can expose more health care workers
and patients to infection by the pandemic agent
in cases where, as with COVID-19, diagnosis and
triage cannot be effectively implemented at all
points of care, and PPE is in short supply. On the
other hand, withdrawing health services has long
term consequences for population health. Patients
will get to health facilities when they are sicker, if
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at all, and are less likely to be successfully man-
aged. Seven neonates needing urgent reportedly
died because health facility staff were diverted by
COVID-19 emergencies or on strike in Zimbabwe
is a troubling case in point (10). Safely reinstituting
essential health services paused by the COVID-
19 pandemic should be a priority, particularly in
lower-income settings (5).

We conduct routine surveillance for blood-borne
bacteria and antimicrobial resistance at health
facilities in Nigeria. Our work provides laboratory
diagnostic support to patients at no cost, improv-
ing diagnostic stewardship for patients in general
and providing access for the many low-income
patients that cannot afford to pay out-of-pocket
for testing. Thus, when these services were closed
at four urban and one rural facility the implications
for access to care were considerable [ http://www.
chidoonumah.com/whistleblowing-covid-19-spar
ks-rising-deaths-in-nigerian-hospitals-due-to-lac
k-of-ppe-for-healthworkers/#]

While biased towards our interest in invasive
salmonellosis, our surveillance data suggest that
fewer patients are visiting health facilities during
the pandemic and that those that do are more
likely to have pretreated with antimicrobials be-
fore presentation than patients visiting at a simi-
lar time in years prior. Despite diminished atten-
dance, reopening provided diagnostic testing for
over 60 suspected bacteraemic patients in Ibadan
and Ibarapa through our programs in August 2020
alone.

Health workers at the forefront of the COVID-
19 pandemic have a grossly elevated risk of con-
tracting and dying of COVID-19 compared to the
general population. They can also create SARS-
CoV-2 transmission chains, particularly if stringent
IPC protocols are not followed (11). COVID-19-
specfic training has been shown to be be impor-
tant for ensuring that health workers exhibit the
necessary knowledge, attitudes and practices to
operate safely in this pandemic (12). For these
reasons, we prioritized training staff, providing
PPE and instituting IPC measures . Health profes-
sionals’ schooling on infectious viral agents and
their transmission contributes to increased but

not absolute knowledge and attitudes in the pan-
demic (13). However, health worker knowledge,
awareness, and importantly practice gaps docu-
mented (13). We found that a didactic instruc-
tional session, modelled along lines earlier used to
impart project research and health care delivery
skill training was insufficient to raise knowledge
levels for safe work in the pandemic. Moreover,
questions asked around practice on the assess-
ment, so-called ‘what should you do in this situa-
tion?’ questions, were least likely to receive correct
answers after that training program (Supplemen-
tal Table 1). We, therefore, found it necessary to
administer self-paced, continuously assessed and
reflective training. Delivery of a suitable course
online by NCDC this implementable at the height
of the pandemic. An analogous, reflective, mul-
timode facility-management course from Future-
Learn/JHU proved invaluable for the PI and safety
officer to manage resumption and address unex-
pected hitches in the plan.

PPE in Nigerian health systems has hitherto been
imported from abroad. It was scarce and pro-
hibitively expensive at the start of the pandemic.
Health worker infections were commonplace out-
side COVID-19 treatment facilities, supplied with
donated PPE, due to generalized unprotected care-
giving. For the same reason, the pandemic saw
several health worker strikes and health facilities
(including those we work with) turning away all
but emergency patients, and in particular febrile
patients, who were more likely to have malaria,
typhoid fever, bacteraemia or other common en-
demic infections that are amenable to easy treat-
ment if diagnosed. We were able to procure lim-
ited quantities of PPE for judicious use by our,
and health facility, staff because of the extramu-
ral support for our projects and the flexibility or
permission granted to use funding originally ear-
marked for other purposes to purchase PPE. How-
ever, even in these extenuating circumstances, PPE
procurement consumed far greater time and ex-
pense than we could afford and future pandemic
preparedness in Nigeria, and other African coun-
tries, must include a move to promote the lo-
cal production and quality assurance of medical-
grade PPE among other key consumables required
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for a robust pandemic response (14).

Testing, another resource-intensive essential re-
quirement for pandemic control that is entirely
dependent on imported materials and therefore in
short supply, was the component of our reopening
plan that we were most concerned about being
able to sustain. As has been demonstrated with
larger data sets from the UK, judicious testing
strategies are essential to prevent the health care
facilities from becoming COVID-19 acquisition
“hubs” (15). Our initial tests (with 3/27 positives)
provided sufficient justification for continuing to
use testing, albeit less frequently than is employed
in resource-rich settings, to protect our workforce
and patients. High positivity rates we encountered
among our staff during pandemic peaks (Figure
1) are borne out by similarly high asymptomatic
rates in other African countries (16, 17), which
were inadequately documented because exposed
and symptomatic individuals were necessarily pri-
oritized for scarce testing, and justifies the need to
prioritize routine testing of health care workers in
particular.

While the interventions we put in place were
largely focused on operating safely within the con-
text of the COVID-19 pandemic, it is hoped that the
stronger focus on patient safety, occupational haz-
ards, IPC and WASH within our research program
and partner facilities will have long term benefits
and focus future development on areas of primary
and general need (18)

As research and care teams that work directly
to improve bacteraemia diagnosis, we were con-
cerned about the bacteraemia risk for COVID-19
patients, which may be inherent to the disease
and exacerbated by essential invasive supportive
therapy (19). Diagnostic support for presumed sec-
ondary bacteraemia can help to prevent unneces-
sary antimicrobial use, an ongoing concern in the
COVID-19 pandemic (20). Managing secondary in-
fections efficiently as well as successfully is im-
portant for reducing ICU occupancy and therefore
increasing access to the specialized care that could
forestall mortality. Adequate bacteriology labora-
tory support also helps to identify and contain
outbreaks of hospital-acquired bacteria, which are

often multidrug-resistant (21). In New York City,
five hospitals ordered 88,201 cultures from 28,011
patients between January and March 2020, eventu-
ally overwhelming the city’s blood culture capacity
(22). Maximum blood culture capacity in Oyo State
is several orders of magnitude smaller, with most
(but not all) existing capacity supplied through our
projects. It is therefore critical, even for COVID-
19 project care, that we were able to reopen our
service.

CONCLUSIONS

We developed and implemented a reopening plan
for our research and surveillance teams to safely
provide diagnostic support and surveillance for
blood-borne bacterial infections at health facilities
during the COVID-19 pandemic. We learned to
identify and use enhanced staff training resources,
to use testing to prevent health facility transmis-
sion and met and overcame significant challenges
with PPE procurement. Protocols for safely op-
erating in pandemic situations and supporting
COVID-19 treatment facilities with blood culture
for suspected secondary bacteraemia added value
to reopening research-based diagnostic services.
Altogether, the increased access to care that re-
turns to research and surveillance activities af-
forded may help to forestall injudicious antimicro-
bial use, and thereby promote antimicrobial resis-
tance containment.
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FIGURE 1: Epidemic curve for Oyo State from 26 February to 15 September 2021 with posi ve cases 
from within our surveillance/care workforce marked as red or gold stars if detected for the first or 
repeated me in thesame individual. Green-boxed syringes mark the dates that frontline staff 
received their first and second doses of the Oxford/AstraZeneca COVID-19 vaccine. Yellow-boxed 
syringes are the respec ve vaccina on dates for non-frontline staff. State data are from the Nigeria 
Centre for Disease Control https://c ovid19.ncdc.gov.ng/state/. The bar at the bo om of the curve 
indicates when our services were open (green) and when they were closed for COVID-19-related 
(red) or other (grey) reasons.            
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TABLE 1: Cost of Personal Protec ve Equipment (PPEs) pre-pandemic.

Personal Protec ve
Equipment

Unit price (N) in
pre-pandemic

Unit price (N) in July 2020 (pandemic
peak)

N95 2500 3750 (if available)
KN95 1000 1800 (if available)
Gloves (pack of 100) 2000 4000
Biohazard bags 600 1000
Goggles 500 3800
Safety box 500 600
Medical face mask 20 1400
Infrared thermometer 7500 30000
On 6 November 2020: 1 N (Nigerian Naira) = 0.00261466 US$.

TABLE 2: Surrogate indicators of pa ent access to care and health facility avoidance.
Data from
Ibadan
Enrollees in
August-
September of
year

Total number of
pa ents
enrolled and
blood cultures
performed

Blood
culture
posi-
ves (%

Yield)

No (%) of likely
pathogens
recovered that
were
Gram-posi ve

% of blood
cultured
pa ents that
were
Urotest®-
tested

Propor on of
Urotest®-tested
pa ents with
an microbial-free
urine

2017 181 30
(16.6)

19 (63.3) 69.6 61.1

2018 225 26
(11.6)

16 (61.5) 52.9 68.9

2019 227 6 (2.6) 2 (33.3) 31.3 56.3
2020 120 5 (4.2) 1 (20) 40.8 55.1
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FIGURE 2: Standard PPE ensemble for staff with pa ent 
contact a er reopening included medical masks, launderable 
gown and gloves. Respiratory masks, not shown, were used by 
staff engaged in high risk opera ons.
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