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Abstract

Background: Surgery for infection represents a substantial, although undefined, disease burden in low- and middle-
income countries (LMICs). Médecins Sans Frontières–Operations Centre Brussels (MSF-OCB) provides surgical
care in LMICs and collects data useful for describing operative epidemiology of surgical need otherwise unmet by
national health services. This study aimed to describe the experience of MSF-OCB operations for infections in
LMICs. By doing so, the results might aid effective resource allocation and preparation of future humanitarian staff.
Methods: Procedures performed in operating rooms at facilities run by MSF-OCB from July 2008 through June
2014 were reviewed. Projects providing specialty care only were excluded. Procedures for infection were
described and related to demographics and reason for humanitarian response.
Results: A total of 96,239 operations were performed at 27 MSF-OCB sites in 15 countries between 2008 and
2014. Of the 61,177 general operations, 7,762 (13%) were for infections. Operations for skin and soft tissue
infections were the most common (64%), followed by intra-abdominal (26%), orthopedic (6%), and tropical
infections (3%). The proportion of operations for skin and soft tissue infections was highest during natural
disaster missions ( p < 0.001), intra-abdominal infections during hospital support missions (p < 0.001) and or-
thopedic infections during conflict missions (p < 0.001).
Conclusion: Surgical infections are common causes for operation in LMICs, particularly during crisis. This study
found that infections require greater than expected surgical input given frequent need for serial operations to overcome
contextual challenges and those associated with limited resources in other areas (e.g., ward care). Furthermore, these
results demonstrate that the pattern of operations for infections is related to nature of the crisis. Incorporating training
into humanitarian preparation (e.g., surgical sepsis care, ultrasound-guided drainage procedures) and ensuring adequate
resources for the care of surgical infections are necessary components for providing essential surgical care during crisis.

Surgery is an essential component of health systems
and is recognized increasingly as a public health prior-

ity, particularly in low- and middle-income countries
(LMICs) [1–5]. Planning decisions for health systems
strengthening through peri-operative capacity improve-

ments must be made from accurate assessments of surgical
need [6–8]. Despite this, there is limited appreciation of
the burden and distribution of surgical disease in LMICs,
particularly among populations disrupted by humanitarian
crisis [9,10].
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Whereas many humanitarian organizations provide surgi-
cal services in low-income settings, the scope and impact of
this work is poorly understood [9]. Médecins Sans Frontières
(MSF) is a humanitarian assistance organization that provi-
des surgical care to communities in need. Médecins Sans
Frontières is divided into five operational centers, each ca-
pable of providing surgical care; Operations Centre Brussels
(OCB) is one. Médecins Sans Frontières-Operations Centre
Brussels operates projects in LMICs affected by crisis. In
addition, OCB provides humanitarian assistance to fragile
health care systems that are unable to meet the local surgical
needs (Table 1). Médecins Sans Frontières-Operations Cen-
tre Brussels collects simple operational data routinely from
these projects to guide resource allocation. However, the data
are also useful for describing operative epidemiology in
LMICs and the volume and diversity of surgical need that is
otherwise unmet by national health systems.

Given unhygienic conditions and delayed presentation, a
significant proportion of surgical needs in LMICs likely re-
sult from infection [5,11]. A number of pathologies and
pathogens result in surgical infections; some of these are
unique to tropical LMICs, while others are ubiquitous
[5,12,13]. In LMICs, surgical infections often result from
untreated conditions, such as cellulitis, peptic ulcer disease,
typhoid, symptomatic cholelithiasis, and Buruli ulcer
[5,14,15]. In addition, individuals in LMICs face substantial
barriers to surgical care, making conditions that are usually
readily treatable with antibiotics or a minor procedure
progress to needing major surgery(s) [16]. Those able to
access health care often find facilities without necessary
medications, equipment, and staff for provision of safe sur-
gery [17]. Because survival and quality of life after severe
surgical infection depends on prompt resuscitation, antibi-
otics, and operative intervention, a large proportion of indi-
viduals with surgical infections may be left with disability or
not survive. Subsequently, the surgical disease burden, con-
dition for condition, is significantly greater in LMICs than the
rest of the world [5,9,11].

This study aimed to describe the experience of MSF-OCB
surgery for infections in LMICs. Understanding this opera-
tive epidemiology will aid effective resource allocation and

preparation of humanitarian staff likely to care for patients
with surgical infections, as well as further characterize unmet
surgical needs in LMICs.

Patients and Methods

Ethics

The analysis of routinely collected, de-identified data
satisfied criteria for MSF Ethical Review Board exemption.
The Johns Hopkins Bloomberg School of Public Health
Institutional Review Board provided ethical approval for
analysis.

Study design and data collection

This study was a retrospective review of all procedures
performed in an operating room in a facility managed by
MSF-OCB worldwide. Operations are logged using a stan-
dardized Patient Surgical Record (PSR). The PSR was de-
veloped by MSF for operational research needs (i.e., guide
human and physical resource allocation, financial planning).
Therefore, patient-specific clinical data, such as detailed so-
ciodemographic information or imaging, laboratory, or cul-
ture results are not recorded. Furthermore, unique patient
identifiers are not used, making longitudinal assessment of
their operations or outcomes impossible. The PSR variables
are: age, gender, American Society of Anesthesia physical
status score, condition requiring surgery, procedure(s) per-
formed, operating room time, peri-operative death (death
between induction of anesthesia and discharge from the re-
covery ward), and program site. In addition, brief descriptive
notes on cases are occasionally recorded. The PSR is tran-
scribed monthly into a database (Excel, Microsoft, Redmond,
WA) and transmitted to MSF-OCB headquarters in Brussels,
Belgium. At headquarters, the Surgical, Anesthesia, Gyne-
cology and Emergency Medicine (SAGE) Unit review all
data for completeness and accuracy. Discrepancies, missing
data, and questions are corrected immediately after recon-
ciliation with program personnel.

Projects focused solely on a single condition (i.e., mater-
nity care, obstetric fistulas, sub-specialty missions) were not
included because they do not represent usual operative epi-
demiology in LMICs. Surgical infections were divided into
skin and soft tissue, intra-abdominal, tropical, and orthope-
dic. Table 2 provides examples of conditions common or
endemic in areas in which MSF-OCB provided assistance.
Major operations were defined as exploratory laparotomy,
thoracotomy, major amputation, extensive debridement, re-
moval of sequester, or hardware removal. Minor operations
were defined as simple debridements, incision and drainage,
drain placement, peri-anal procedures, curettage for osteo-
myelitis, and joint washout.

Data analysis

Patient Surgical Record data from July 2008 through June
2014 were extracted, combined, and analyzed with descrip-
tive statistics using Stata v13 (StataCorp, College Station,
TX). The reason for MSF-OCB assistance for each project
was characterized as natural disaster, hospital support, or
conflict. Programs dispatched to support fragile LMIC health

Table 1. Countries in Which Médecins Sans

Frontières Operations Centre Brussels

Provided Surgical Assistance from 2008–2014

Country

Afghanistan
Central African Republic
Chad
Côte d’Ivoire
Democratic Republic of the Congo
Haiti
India
Mali
Mauritania
Pakistan
Philippines
Somalia
South Sudan
Sudan
Syria
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care systems and not caring for those injured as a result of
conflict or natural disasters were considered to be hospital
support. There is some overlap between the reasons for as-
sistance. For example, conflict in fragile states often degen-
erates to protracted complex humanitarian emergencies and
fragile health care systems that require hospital support de-
spite no ongoing conflict.

Chi square testing and forward stepwise logistic regression
were performed. Regression models adjusted for covariates
age, gender, and project to examine the relation between each
covariate and having undergone an operation for infection
compared with a non-infection procedure.

Results

A total of 96,239 operations were performed at 27 MSF-
OCB sites in 15 countries between 2008 and 2014. After
excluding sub-specialty missions for reasons described
above, there were 61,177 operations of which 7,762 (13%)
were for infections.

Operations for skin and soft tissue infections were the most
common (64%), followed by intra-abdominal (26%), ortho-
pedic (6%), and tropical infections (3%; Table 3). Infants

requiring surgery had more than twice the odds of having a
procedure for an infection than did the elderly (adjusted odds
ratio [aOR] 2.27, 95% confidence interval [CI] 1.94–2.65).
Skin and soft tissue operations were the most common pro-
cedure performed in all age groups, except those for injury in
children ages 1 to 13 y. Of those requiring surgery, a higher
proportion of adolescents and adults underwent an operation
for intra-abdominal, orthopedic, and tropical infections
compared with infants and children. Males requiring surgery
were more likely to undergo a procedure for infection than
women (aOR 1.68, 95% CI 1.60–1.76).

Skin and soft tissue infections accounted for 84% of op-
erations performed for infection where humanitarian assis-
tance was being provided for natural disaster and 48% when
projects were supporting hospitals. Furthermore, there was
evidence for a difference in the percentage of operations for
each infection and reason for humanitarian assistance (Fig. 1).
For example, operations for skin and soft tissue infections
were more common during natural disaster and conflict
projects than during hospital support missions (84 and 77%
versus 48%, respectively; p < 0.001). Operations for intra-
abdominal infections were more common during hospital
support missions (45% of operations for infection) compared

Table 2. Infections Common or Endemic in Areas in Which Médecins Sans Frontières Operations Centre

Brussels Provided Surgical Assistance from 2008–2014

Skin and soft tissue Intra-abdominal Tropical Orthopedic

Abscess Appendicitis Amoebiasis Hardware infection
Benign anorectal conditions Cholangitis Buruli and tropical ulcer Osteomyelitis
Diabetic foot infection Cholecysitis Cystic echinococcosis Septic arthritis
Necrotizing soft tissue infection Diverticulitis Filariasis
Pilonidal disease Peptic ulcer (Helicobacter pylori) Helminthiasis
Pyomyositis Hepatic & splenic abscess Schistosomiasis
Wound infection Non-typhoid perforations Tuberculosis

Tubo-ovarian abscess Typhoid perforation

Tuberculosis—often of the breast and abdomen.

Table 3. Demographic and Site Characteristics of Those Undergoing Operations for Infection

at Médecins Sans Frontières Operations Centre Brussels Projects from 2008–2014

Surgical infections

All operations
All surgical
infections

Skin and
soft tissue Intra-abdominal Tropical Orthopedic

n (%) n (%) n (%) n (%) n (%) n (%)

Age
<1 y 905 ( 1) 282 ( 4) 264 ( 5) 14 ( 1) 1 ( 0) 3 ( 1)
1–12 y 9,776 ( 16) 1,769 ( 23) 1,265 (25) 287 (14) 69 (27) 148 (30)
13–17 y 4,033 ( 7) 848 ( 11) 442 ( 9) 281 (14) 40 (16) 85 (17)
18–50 y 40,011 ( 65) 3,769 ( 49) 2,224 (45) 1,273 (63) 116 (45) 156 (32)
‡ 50 y 6,424 ( 11) 1,092 ( 13) 797 (16) 164 ( 8) 30 (12) 101 (20)

Gender
Male 26,490 ( 43) 4,240 ( 55) 2,648 (53) 1,158 (57) 132 (52) 302 (61)
Female 34,666 ( 57) 3,520 ( 45) 2,344 (47) 861 (43) 124 (48) 191 (39)

Mission type
Natural disaster 4,675 ( 8) 895 ( 12) 749 (15) 78 ( 4) 34 (13) 34 ( 7)
Hospital support 32,193 ( 53) 3,594 ( 46) 1,741 (35) 1,617 (80) 83 (32) 153 (31)
Conflict 23,923 ( 39) 3,273 ( 42) 2,504 (50) 324 (16) 139 (54) 306 (62)

Total operations 61,177 (100) 7,762 (100) 4,994 (64) 2,019 (26) 256 ( 3) 493 ( 6)
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with other reasons for assistance (p < 0.001). Operations for
orthopedic infections were performed more commonly dur-
ing conflict projects (9%) than during the other reasons for
humanitarian assistance (4% in both natural disaster and
hospital support projects).

Most procedures for skin and soft tissue and orthopedic
infections were minor (76% and 58%, respectively), whereas
most procedures for intra-abdominal infections were major
operations (98%). Planned returns to the operating room,
such as serial washouts or debridements and ‘‘second looks,’’
were more common after procedures for orthopedic (38%)
and skin and soft tissue infections (33%) than for intra-
abdominal infections. Planned serial operations after damage
control laparotomy for surgical infections were performed
frequently (7% of all laparotomies for infection). Unplanned
returns to the operation room were not common after pro-
cedures for surgical infections. The majority of patients
with surgical infections were otherwise healthy or with mild
systemic disease. Spinal, regional, and general anesthetics
without a definitive airway were used safely during most
procedures (Table 4).

Discussion

This study aimed to describe the experience of MSF-OCB
surgery for infections in LMICs. By doing so, needs for
training and resource allocation can be identified and ad-
dressed to improve humanitarian response. Operations for
infections represented a significant proportion of the surgical
volume in LMICs, particularly procedures for skin and soft
tissue infections. In addition, serial operations were relatively
common for all infection groups, highlighting the potential
for greater than expected surgical resource requirements.
Although tropical infections are not common, they are en-
countered in LMICs and require clinicians familiar with their

presentation and management to ensure appropriate care. The
number of procedures MSF-OCB provided during hospital
support projects underscores the need for strengthening na-
tional health systems to care for these common conditions
that may have otherwise been neglected (e.g., abscesses,
appendicitis).

Return trips to the operating room were most common for
skin and soft tissue and orthopedic infections. Appreciating
the disproportionately high resource requirements for these
common pathologies during crisis is important for planning
an adequate response. During crisis, conditions are particu-
larly unhygienic and local health care and transport infra-
structure are often destroyed. Subsequently, many wounds
are contaminated wounds, common pathologies go untreated,
and pre-hospital times are extraordinarily long [18,19]. As a
result, wounds invariably require cleansing and often serial
debridement [20]. Other reports from surgical care during
crisis corroborate this MSF experience [20,21], For example,
during humanitarian assistance, much of the wound care is
performed in the operating room (as opposed to on the ward)
given lack of skilled nursing care and need for aggressive
debridement with intensive pain management techniques
[20]. Complicating this necessary practice in LMICs, oper-
ating room resources (e.g., surgeons, anesthetists, available
time, equipment, and supplies) are scarce in LMICs [7,22].
Anticipating this operative burden and delivering the requi-
site input for surgical care, particularly during crisis, requires
consideration of the operative epidemiology by type of
mission (i.e., conflict, natural disaster, hospital support), in-
ventory of available resources, and understanding of pre-
mission unmet surgical needs. Together, these data might
allow more accurate and cost-effective provision of neces-
sary resources for surgical care during crisis.

One in every 13 operations for intra-abdominal infections
was a return trip to the operating room, likely related to

FIG. 1. Percent of operations performed for each infection by reason for providing humanitarian assistance at Médecins
Sans Frontières Operations Centre Brussels projects from 2008–2014. p values represent evidence for a difference between
percent of operations performed for each infection and reason for humanitarian assistance using w2 test.
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delayed presentation and complications thereof (e.g., peri-
tonitis, severe sepsis), need for utilizing damage control
techniques, and occasionally, drainage of a deep space wound
infection. Despite appropriate use of damage control surgery,
intra-abdominal abscesses are not unusual [23,24]. Austere
health care settings, such as sites described in this study,
rarely have access to minimally invasive or percutaneous
drainage capacity for intra-abdominal abscess [25]. There-
fore, signs and symptoms of ongoing sepsis after laparot-
omy required return to the operating room for exploration
and drainage. Given the morbidity and mortality associated
with such procedures, establishing basic training workshops
and capacity for percutaneous drainage procedures (e.g., ul-
trasound-guided drain placement equipment and supplies),
may reduce complications attributable to uncontrolled intra-
abdominal infections or re-laparotomy [26–28].

Although not among the more common conditions requir-
ing operation by MSF-OCB, tropical infections requiring
surgery remain prevalent in LMICs [11,15,29–31]. Their
presentations are often similar to non-tropical diseases and
risk being treated inappropriately by inexperienced providers
(e.g., appendicitis versus typhoid ileal perforation; congenital
versus filarial hydrocele; liver abscess versus cystic echino-
coccosis) [30,32]. Therefore, clinicians embarking on hu-
manitarian missions in tropical LMICs should familiarize
themselves with the diagnosis and management of these
conditions to avoid good-intentioned but ineffective care [10].

Prior to using these data for planning a more effective
humanitarian response, several limitations should be men-
tioned. First, this study analyzed routinely collected opera-
tional data. Although clinical and outcome data would be

informative for planning and monitoring capacity develop-
ment and quality improvement interventions, sustainable
collection of these data is difficult during crisis and has not
yet been done for humanitarian surgical assistance programs.
Nonetheless, these results are useful for general assessment
of unmet surgical need and deploying resources for hu-
manitarian surgical assistance programs more accurately.
Second, quality care for surgical infections requires a com-
prehensive system, ideally including prevention, diagnos-
tics, resuscitation, critical care, and recovery. This study was
unable to describe the characteristics and proxies for re-
source requirements of MSF-OCB’s other infection-related
activities given the strictly procedural data. However, multi-
disciplinary strategy is an integral part of programs caring
for surgical conditions in any context. Next, hydroceles were
not included among the tropical infections, making these
figures a bare minimum estimate. An unknown proportion of
hydroceles represents the effects of chronic lymphatic fila-
riasis and requires post-operative anti-parastic therapy. The
etiology of the hydroceles, or associated signs, was not re-
corded routinely for description. Despite these limitations,
this is the largest examination of humanitarian surgical
treatment of infections published and contributes substan-
tially to the operationalization of surgical care in equivalent
settings.

Conclusion

Surgical infections are common causes for operation in
LMICs, particularly during crisis. This study found that in-
fections require greater than expected surgical input given

Table 4. Clinical Characteristics of Operations for Infections Performed at Médecins Sans

Frontières Operations Centre Brussels Projects from 2008–2014

Skin and soft tissue Intra-abdominal Orthopedic

n (%) n (%) n (%)

Procedure
Major 1,221 (24) 2,114 (98) 210 (42)
Minor 3,860 (76) 55 ( 2) 293 (58)

Operation
Initial 3,400 (67) 1,997 (92) 309 (61)
Planned return 1,654 (33) 142 ( 7) 191 (38)
Unplanned return 27 (<1) 28 ( 1) 58 ( 1)

ASA class
I 3,408 (68) 884 (43) 356 (72)
II 1,327 (26) 827 (40) 88 (18)
III 249 ( 5) 278 (14) 41 ( 8)
IV 31 ( 1) 65 ( 3) 12 ( 2)
V 1 (<1) 8 (<1) 0 ( 0)

Anesthetic
GA without airway 3,842 (76) 1,029 (48) 294 (59)
GA with airway 84 ( 2) 305 (14) 27 ( 5)
Spinal or regional 452 ( 9) 718 (33) 138 (27)
Other 703 (14) 115 ( 5) 44 ( 9)

OR time; median (IQR) 30 (10–240) 65 (25–300) 55 (20–200)
Peri-operative deaths 0 ( 0) 11 ( 1) 0 ( 0)

Tropical infections are included into the type of operation they require (i.e., skin and soft tissue for Buruli ulcer, intra-abdominal for
typhoid perforation, etc.).

Peri-operative deaths are those that occurred in the operating theatre or in the post-anesthetic recovery area.
ASA = American Society for Anesthesia; GA = general anesthesia; OR = operating room; IQR = interquartile range.
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frequent need for serial operations to overcome contextual
challenges and those associated with limited resources in
other areas (e.g., ward care). Furthermore, these results
demonstrate that the pattern of operations for infections is
related to nature of the crisis. As a result, resources necessary
for the treatment of skin and soft tissue infections are more
needed during natural disasters (e.g., dressing supplies),
those for intra-abdominal infections more needed in hospital
support missions (e.g., closed suction drains, temporary ab-
dominal closure systems), and those for orthopedic infections
more common during conflict (e.g., orthopedic training, ex-
ternal fixators). Incorporating training into humanitarian
preparation (e.g., surgical sepsis care, ultrasound-guided
drainage procedures) and ensuring adequate resources for the
care of surgical infections are necessary components for
providing essential surgical care during crisis.
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